;eder oT6T # z , ~W Zy PREDI CTl VE DECODI NG METHOD, | % APR 2002
PREDI CTI VE DECODI NG MMWHM IVACGE PREDI CTI VE CODI NG METHOD, |
PREDI CTI VE CCODI NG AP ) DATA STORAGE MEDI A The present invention
rnelates 'to i mage predictif¥%8ecodi ng and i nage predictive coding and, nore

Yparticularly, to inaﬂmmmmﬂﬂmﬂmmm decodigg met hods, inage predictive
decodi ng appar at uses, ctive codi ng nethods, imge predictive
codi ng appar atuses, and egbogp«St orage nmedi a, which are used for processing

vari abl e-si ze i mages. BACKGROUND OF THE I NVENTION In order to store or
transmt a digital image with high efficiency, it is necessary to

conpressively, . c 1-Qj i t ypi ive
codi ng of "o AT araiiea e RecdmaR et R L PuAek BRFHECTr 26 PECRRERGry
represented b P Jaint .C r.t p) vi.ng
Picture Exp@r%lpsAJl@%ﬁﬁé) %M%Mﬂyg &%&ﬁﬁv@aﬁ‘ﬁbmaﬁﬁ&ﬁ%ﬁBé&ﬁ‘d’éh as
sub- band codi ng, wavel et__codi fr al__coding. Further, in order to
elimnate a redundant‘%ﬂ%ﬁﬁﬁ éﬁgﬁgzﬁﬁg'nggbsPA?ﬁté?gﬁﬁﬁﬁeMEPE%iction usi ng
notion conpensation is carried out, and a difference signal is subjected to
mavefornﬁ&%&P&&ﬁ—ﬂ@ﬁe;NgﬁNWﬁ@é met hod based on notion conpensation DCT wil |
be described. Initially, an input inmage of one franme to be coded is divided
into plural meEtoRTRIE el $alkt Y ]Tq%éatsqszé°of1mf@)?1G’redlﬁtey%dﬁPRd’z@Z

pi xel s. Each macrobl ock is further divided into four bl ocks each having the
size of 8RY BMAGRSPreAdcEI¥R BPEERIORNEXINPT X PRT §LC Wk obt deP tidaser and
quantization. This process is called "intra-frame coding”. On the other

hqgg, usPig§dickbiveoregedérgi RgthetRodiBaed BeedigekverndcInHgid from a frane
t'e

orarily adjacent to an object frane including an object macroblock to
be quant PPBdraguses, image predictive coding methods, image predictive

coding apparatuses, and data storage media, which are used for
processing variable-size images.
BACKGROUND OF THE INVENTION

In order to store or/transmit a digital image with high
efficiency, it is necessary to compressively code the digital
image. As a typical method for compressive coding of a digital
image, there is DCT (Discrete Cosine Transformation) represented

<:) by JPEG (Joint Photographic Experts Group) and MPEG (Moving

Picture Experts Group). Besides, there are waveform coding
methods such as sub-band coding, wavelet coding, and fractal
coding. Further, in order to eliminate a redundant signal
between images, inter-image prediction using motion compensation
is carried out, and a difference signal is subjected to waveform
coding.

Here, an MPEG method based on motion compensation DCT will
be described. 1Initially, an input image of one frame to be coded

is divided into plural macroblocks each having the size of 16X16



pretii cti on nmacrobl ock having the smallest error fromthe object nmacr QIQPR 2002
ts detected, and notion conpensation fromthe past inmage is carried-out on
the‘basis of the detected notion, thereby to obtain an optinmum prediction
bl ock. A signal showing the notion toward the prediction nmacrobl ock having

%the smallest error is a notion vector. An image used as a reference for
generating the prediction nmacroblock is c@lled a reference imge,
herei nafter. Thereafter, a difference between the object block and the
correspondi ng prediction block is obtained, and this difference is
subjected to DCT to obtain a DCT coefficient. The DCT coefficient is
quanti zed, and the quantized output is transmtted or stored together with
t he noti opikelsr matach. mdbicsbprokess Furthét edividedriftranmwodilg'ks Hech
inter-franme coding has two prediction nodes: prediction froma previous
i mge in haeidgsphaysdidest SR® piedilet,i and eaghbblbcrf opr W dysi sad10s 8 ure
i mges. The former is called "forward prediction”, and the latter is called
"bi di rect sappécpeddict DON"and quantizaltich 2 ATHARR 2 s@n itsheaddeeder end,
after restoring the quantized DCT coefficient to the original difference
si gnal, thentpredfcdmeoncddined” i s obtained on the basis of the difference
signal and the notion vector, and the prediction block and the difference
signal are added tGer ephedubandheusiBgea motibhsdeoayeitid ansdhdecdudues it
is prem sed that the size of the reference inmage (an i mage used as a
ref erencep I ek gREsIA Y Brd edi Bidneh teradarid veadghckatt B8 shzepgbcthe
object image. In recent years, plural objects constituting an inmage

(am™i trargr Shapend TRARS) 1 SISRT aRinvEwikeebedet quanipsegsi ¥e codi ng and
trensmtted, thereby to inprove the coding efficiency and to enabl e object

by obj ectp¥epf &St It r JBL SOd gy iad tdRCRiaNd et sWeBrakbbhl 8RY §B?Q§t
i mge, the size of the image changes very often. For exanple, a bal

becomes symd 81 Seld@otdd, lardt rASlon tofbsaBREELS - tFYRt bRE, phbere is
a case where the size of the inmage (object) becones zero. In ordinary

predi cti Vign£di g, c - F R LTRAC 1 MBRe Yasia bePkaduasdebiBaenbsbn Pef QL8P
obj ect image which is currently being processed. Wien the size of the

reference d QS S ALt iHUM HratiitnGn p1deki ned khghhe LREQERHCEHLLMAIE,
i.e., since the reference imge has no significant inmge data to be used
for predigdd s Gl dHLY i 160 rodNBek REvERGT LR SHA1 148 tOLSor

case, there 1s no conventional way except the intra-frame codi ng. However,

general | 'y; 4 he rdiild fVeiR COdidl iMidLanRR LWhe aavartbibycof 6Pdgdndpt#1a4d
reduces the conpression efficiency. 1 d 2 4 APR 2002 4 When~an | mage

di sappearg,d i;ﬂ@ﬁé&'i% TSP R 1apegan aqf heguentlycd N Aagé&duence of
notion picture, the coding efficiency is significantly degraded. For

exanpl e, ﬂerkeqém@eeqn Pifddie e, aShiing sRALLI gagwe%e@héhsﬂﬁésbtblo k
di sappears and appears in inmage units, all the inmages of |ights nust %e

g@i ect edy 10 e ddltxfe%?pforn@ﬁ_gc?ﬁie'aiict%HNg/BBXcQ:i JHEL{ AMENT | Qb teil S5 an

fect of the present invention to provide an image predictive decoding

method, an AABQS J¥ § !%mho\ﬁ%c%go%n@c@peer 85’6§in3£‘ hEROSPE i clive cpding

met hod, an i nmage predictive coding apparatus, and a data storage medi um

whi ch canpdmedql A efifdnGi qnt %ﬁ@iﬁgweaﬁgdgﬂgegﬁaﬁef% %ngu@ is

vari abl e-si ze 1 mage even when the size o erence Image 1s zero or when

the Iefereleediady o} CRURLE! EbkekhBRSRALANLhe ROEY o] Led SAlithRdvagh ages
of the invention will beconme apparent fromthe detaile escription that
f0||0“5'§2%%ess is called "inter-frame coding".
The inter-frame coding has two prediction modes: prediction
from a previous image in the display order, and prediction from
both of previous and future images. The former is called

"forward prediction”, and the latter is called "bidirectional

prediction".



det'ai | ed description and specific enbodi nents described are provid?dqqmﬂyzmn
for illustration since various additions and nodifications wthin The scope
of the invention will be apparent to those of skill in the art fromthe
‘dethiled description. According to a first aspect of the present invention,
“there is provided an i mage predictive decoding nethod in which i nage data
obt ai ned by conpressively coding.a variab$e-size i mage using a prescribed
nmethod is input, a prediction inage is generated using, as a reference
i mage, at |east one reproduced i mage which 5 2 4 APR 2002 has been
reproduced before an image bei ng an object of decoding, and the object
image is subjected to predictive decoding; wherein the prediction image is
gener at ed usi n@n &beadesbdeanead,madéerarepeasingnehe epuaniutzedi B&Fe whi ch
has been recently reproduced and includes significant inage data to be
referred ¢oefficidnts tettho, omheinahealish far eoicet Isd gnefler éheepiredgetion
(reproduced inage) ;~ is zero, i.e., when the reference inmage is conpletely
t ranspar emtoclprisli adtiadn att codi e i sisy rdfedheudidSemgnaroslignaiepnadaaed
i mge of which size is not zero. Therefore, when plural objects
const i t utmegiamn vermge: arand ije q@met tak icomrlessk wadcotdendidfdrenarssiiyhed
obj ect by object to increase the conpression efficiency, it is avoided that
a vari abl #rsi zddedrage mdp iduess He dadygedi sdppedrisd donveaedoaa lt hechnique,
reference image for predictive decoding. As a result, coded data obtai ned
by efficifnhtispiEnessd ereaditig: tdiate sfphes sesetrbaceotirageanaht ymags be
appropriately decoded. According to a second aspect of the present
i@enti orusddel£ d Tferdrird vy igage priedi at preddeeodhngmagéhodsi aquhal ch
i rdge data obtai ned by conpressively coding a vari abl e-size inmage using a
prescri begh Mol 4es dMpiHe objRdiiglaigen i mage is generated using, as a
reference image, a prescribed inmge which has been reproduced before an
i mage being anrgbjeeénef ydsggdmgurandorbf@cwjwrtsqirmﬁ%gs asbinRGdeed to
predictive decodi ng; wherein, en the reproduced image used as a reference
i mage has i vy ishaie GaER@sJatad @eParbebeyr edblfctéd tHBESMPANENIvE
6 2 4 APR, 2002 prescribed value as its image data is used as the
predi cti aibdifRgend f rafissitelegd thehenyt B8 $hpeoté the ¢SdBRenNEeridBscy
(reproduced inmage) is zero, i.e., when the reference image is conpletely
transpar eifd o @dablliev@pdee@dinlg obs el eBdoautt UshNY anpesdifyi &AdI Mage
having a prescribed value. Therefore, in addition to the above-nentioned
effects, qanefiald oF elichharpiediagli eRapebgRals, fakt | 1At efe Accoifigyg to a
third aspect of the present invention, there'is provided an image ~
predi cti g GreadiRgymeiched i n pdY xdnppae dabalebbabords bymsoBEessivel y
coding a vari‘abl e-size image using a prescribed nmethod is input, a .
predicti gpdiTRge ik319eper aked 4ei Bgsappehesenceul-PRge, endranismeoeabei ng
an object of decoding is subjected to predictive decoding; wherein the
L@d' Cli Qe Siganeraed YnhaBe (85iLBe) reissmased mge, at |east one
of"two reproduced signals which have been recently reproduced, which one
has significaniyifp@ensde) ptodber 1ed eddeithd,0.a HReelare, ihAgkhescase where
plural objects constituting an image are subjected to conpréssive coding
and transgdded el §mhgRY aggltegtefo%eanaogﬁ £6% CLhode | RS, |55 aaneraied,
using forward and backward reference inmages, it is avoided that
vari abl CHRikG TBYES WAL Ch ihRve il 83y dirSRRRCRE Bdr &k e UpREL&Si § NEero,
reference images. As a result, coded data obtained by efficient conpressive

codi ng t@%c%un%grtﬁiﬁ 5itsh@e@?ﬁ?dqQﬁ”%héyréﬁé‘r@ﬁc@pﬂﬁ%) at el y degpded.pe

According to a fourth aspect of the present invention, there is provided an

I mage pr%%%%Eb%%edQEQSE“HaQPHBrQRBEifican IR 2002 to be used for
predictive coding, predictive coding cannot be carried out. 1In
this case, there is no conventional way except the intra-frame

coding. However, generally the intra-frame coding increases the

quantity of coded data and reduces the compression efficiency.



conbri sing input means to which i nage data obtai ned by conpressi veI; l':(ﬁ:ﬁ&gﬂﬂz
a variabl e-size image using a prescribed nethod is applied; a data anal yzer
whi ¢ch anal yzes the inmage data and outputs the i mage size and the image
;transform coefficient; a decoder which restores the inmage transform
‘coefficient to an expanded difference i nage using a prescribed nethod; a
frame ~ menory that contains a reproduced i nage; a prediction inage
generator that generates a prediction imge using, as a reference inage,
the reproduced image stored in the frame nenory; and an adder that
generates a reproduced i mage by addi ng the expanded difference i nage and
the prediction imge, and outputs the reproduced i mage and, sinultaneously,
stores tHBeRepRoiesd FHBYRPERED { HRAF? aFreZ rENOASEC WY RiaPRY®E Spr edi ct i on

i mage generator exam nes whether or not the reproduced inage includes

si gni fi cBRedueRELY dbl ad t SeWeeR e P F B0 BON ik toiifer dihes copdimadiedifiisyi eneaye
using, as a reference imge, at |east one reproduced i mage whi ch has been
recent | yisepignifichrnly i dedrrided si ghtfi exanplemgn dateetion thiict wysparfat us,
when the size of the reference image (reproduced inmage) is zero, i.e., when
t he ref ef baskingasgeot biglotpl| wieh ythe ahispar atits agpresdisc eine agpeadisngni s
carried out using another reproduced i nage of which size is not zero.

Ther ef or emage e pt 21y ad 1 bbjlectisnamestef tigig amustape aubjschpeected the
conpressive coding and transmtted object by object to increase the

conpr essimtraffranenoyding. i s avoi ded that a variabl e-size i nage whi ch has
al ready di sappeared is used as the reference r 2 4 AFR Q002 8 image for

ol SEMNFER D AP NJTHEASINVENSKION , coded dat a obt ai ned by efficient
corfpressi ve codi ng that suppresses the code quantity can be appropriately
decoded. Accoudi ig ta abfieEthodisphet poésthe presetion verpiendd hate is
provi ded an i nage predictive decodi ng apparatus conprising input neans to
whi ch i niagey <l as we dind il e ddnp o mestioss | ancafhage predactarveabkeodiag i mage
using a prescribed nethod is applied; a data anal yzer which anal yzes the

i mage daippaanct ot pf Sirdi®e ipReE Hize udihkemerhed,t anshage geeliiteieat ;
a decoder which restores the inmage transform coefficient to an expanded -
di ff er enssyiPGHPEdths, RIREW idad midiede acHiam® WBABRYchRateg0NEAI NS a
reproduced i mage; a prediction i mage generator that generates a prediction
i mage Uusdfficidhtd grefdEranee idRieg dhesedingdorenr 9duead16A80eeSiRagd 1 N
the frame nenory and corresponding to the input image; and an adder that
gener at esyeh Erhdrepieduciest igmge dafaddicg iageexBanded difiBEgNERe| Mage and
the prediction image, and outputs the reproduced i nage and, simultaneously,

stores therdrpiducedd My dnpietels framepaesrey; wherein the prediction
i mage generat or exam nes whet her or not the prescribed reproduced i nage has

significant ipegerdabietsbenticherigtayds antwd e ddift i@praduceddomge has

no significant coded data to be referred to, an inmage having a prescribed

@ue asddsrdimaadiatthd Yetaad «as dehe ripedbat tRALI FBUBowL N tHhe apparatus,
en the size of the reference imge (reproduced image) is zero, i.e., when

the ref anca ddERdrS pt i9n2 ahdARBe2992c 3nBBAPhELEL YdtEAPSPAY et e
predictive decoding is carried out using a prediction inage having a

prescri hadMaldie oniRerRfrona 1 sk raddibhi @inka {heisneveqgenibraeshef f ects,
generation of the prediction image is facilitated. According to a sixth
aspect Gfoditg AEIPR Wikkant k@R stBeee oirs tREOYhHEHL #n | WROE 1B efbSd F ke
decodi ng apparatus conprising input neans to which image data obtained by
conpr essiy/ el O HNG 1A 1Malinakhe- Sirze Fir-BRIGHESHBHa 81 PH €§ESE PG B4 hod i's
applied; a data analyzer which analyzes the image data and outputs the

i mage size anf-theqi A9, L4 aPSEOF M EOSE! | Of &t éﬂe@,%qﬁdqrnMItql&nr,e%%&%s
the image transform coefficient to an expanded difference inage using a

prescr i hed Jriiefy af HaeaTRIRAY ckhak 88BLALAY AefRBA OfMCREl BRI

predi ction i mage gener ator PEht generates a préediction | mage using

;ggregdg%f&ai RIS 1 8 iRnbReshidNe J"BERE XgAS fakELSTIENSE, d MBS e ANk A

a prescribed method is input, a prediction image is generated

using, as a reference image, at least one reproduced image which



generates a reproduced i mage by addi ng the expanded difference inaqe4anpR 2002
the prediction imge, and outputs the reproduced i mage and, simultaneously,
stores the reproduced image into the franme nmenory; wherein the prediction
.image generator generates the prediction inage using, as the reference
image, at | east one of two reproduced signals which have been recently
reproduced, which one has significant image data to be referred to.
Therefore, in the case where plural objects constituting an inage are

subj ected to conpressive coding and transmtted object by object, when a
prediction imge is generated using forward and backward a ~0 2 4 pRR
2002 reference inages, it is avoided that variabl e-size images whi ch have
al ready tiasappear edpandugsddbasorrke anefimngackeinggas. offeat resd uldcodntgd
data obtai ned by efficient conpressive coding that suppresses the code
quantityaeanthe appeeprimagkyidesadgdctAdcoodpngdiot Bve ederbdi mgpediedi he
present invention, there is provided an i mage predictive coding nethod in
whi ch a thevakeabkbeishzembgegesi gehapdtedaupieg) Cis o temPeence gaREf&t et
using, as a reference imge, at |east one reproduced i mage whi ch has been
reproducedabef ehe aBpirbagecbeingganwhbERChaof bedli Feseritey oimeddidBdari s
subtracted fromthe prediction inmge, and a difference between these i nages
i's conpregshvaky s9dadrbyaatpinsgei Betanes hod, ravereid dde predigison i mage
is generated using, as a reference inmage, at |east one reproduced inmge

whi ch hagebgen, r gaeAt e 8prodYEHhange FOEMEeSiid g {igAddddEmpa s to
be referred to. In this nmethod, when the size of the ;~ reference inage
(r¥produggd,LpBYe) . kS, Z§ROn EhE. repbgBnibeifffer &N CrgRIR 15 (GURIRLRINE,
trensparent, predictive coding is carried out using another reproduced

| mage of ?%a%t%&réedééoapﬁgzsé OcafPes&f Gh€, u MR MIRIr WIHTBiced image
constituting an inmage are Subjected to conpressive coding and transmtt'ed
obj ect bycobjech E?zé“%?ﬁé@ 1886 COMPLESSEOPe ST & BN Yrra toﬂfecﬂﬁé)' ded that
a variabl e-size i mage i ch has already disappeared 1s used ds the

ref erencg,j onge, 95?p£§dirﬁ£&;e\!eafé’d§ﬁ‘}9je&€é&”Ed hridked ARIIIH 1 Sod ng

nmet hod capabl e of efficient” conpressive coding that suppresses t'he code

uantit ' t ' ARG f. Lhe present
?nvgntigﬁfé? e?%g?é €§E%%gg%ygﬁgfﬁggggﬁfggﬁgﬁﬁ¥gh%§%ing %%f%& tni_n ahich a
vari abl egpkze; LHBYS 18 10PbYos Jedr EALCTL OfLIBOR Js% ACNHEALYHIVNGe 25 2
ref erence 1 mage, prescribed reproduced | mage i ch has been reproduced

before ap,i i j £ct codi ject. i i T d
from t hosbF SaE: TEREPREE-ORLEE u SR TR Bl J oI AR RO o g R

compr es5&%8&&18896‘3'13;9%%858%8[ i QSQeHE&QE’Q? oéff\zlf‘aﬁirr?é'd‘zb %di_téleer{tepr oduced

i mage used as a’freference | nage has no signi ant inmage data to be

refer oLy 80s1 JRISHAYS N2 PGSO DG VAl &R IdRnIRge dal gl s used

as the pre 1 on | mage. en the si e rererence

E@de (rsﬁﬁggéffgtégggggcége ero, i.e., when the reference inmage is

| ete nspar predictive coding is carried out using a prediction
. hayi . I h . ddi 11 ¢ .
above- mont | onds STERRFe Coginarerrbh s eRheos Bl CPReR A LB e 1 e
A di i ; o L an. : | ded
ccor dl ”9%%9 alé";g%‘vﬁéé’c?c{rhgﬁnﬁee V%lfegﬁfé;élvx}aem%&d%g [ReLe in%’ﬁ‘i'cﬂf :“

i mage predictive Tcoding ne e-si“ze inage 1I's I nput,
dicti . . . . r . -

bei ng. an BRI Scro b Rod Hi & e Tt R davad LR brgy e " Sdos

di ff . bet th i i S, CO ivel db i bed

ot hod:  GHERe] B EHE B B IO et T Gany dreiading, LaBoBNE% ot or ence

image, at_l|east one of two repro ucqg i rages. whi ch has.geﬁn.recentgx h

repr oduc%%ln%ﬁ%lt?(ﬁc‘ﬂ%hré%’ SHft F1eant” |cr%gl§%§§t’a & &T°5E2 2% ABRIS0H268

referred to.. Therefore

i t.h wh, l,ur.al bj t, tituti,n
i mge ar a%y&ﬁ%ﬁtEﬁpf?g%ééhwgééﬁﬁg%%Bdﬁ%gﬁgﬁ%hgﬁa%ghsﬁg%&ggn?eéﬁg8§gggﬁgct,
hages, A58 e i ERE tiAad s et e oo e i N n A6 SR PR e F TR
o Sappeaied o Voed s e Leleence macs, Lol up i ool ve

significant coded data to be referred to, an image having a



suppresses the code quantity. According to a tenth aspect of the prfip%b
invention, there is provided an inmage predictive codi ng apparatus R, 2002
conprising input nmeans to which data of a variable-size imge is input,
which data is divided into units subjected to coding; a subtracter that
‘obtains a difference i nage between an object image bei ng an object of
coding and a prediction i mage correspondiéng to the object inage; a
conpressi ve encoder that converts the difference <~ inmage to conpressed
data by a prescribed conpressive coding process; a variable-length encoder
that perforns variable-length coding of the conpressed data and outputs
coded data; an expansive decoder that restores the conpressed data to an
expanded pdidsfaaridrecke viatmge asy id sprisegei dedaexpansedeasiechei pgegiocess; a
frame nenory that contains a reproduced i nage: a prediction inage generator
t hat genemaiges a Ipr exhiict ingrtHarhgevhes: et Iseé zeepfotdheedefangrcst bmedei n t he
frame nenory as a reference inage; and an adder that generates a reproduced
i mge by (adgiregiudee éxpgeded sdizkirer, edce. | nalgen atide t hef gretiet image nage, J
2 4 A~t~ 2002 13 and outputs the reproduced i mage and, simultaneously,

st ores t k@enpartedycedanspaeentt opreeittane deodding Wereirnride qredistigpn

i mage generat or exam nes whet her or not the reproduced i mage has

si gni fi canpricdaee idat amageb@akeher aegréscr ped geNBia! eSThéee PbEslj Cin on

i mge using, as a reference inage, at |east one reproduced i nage whi ch has
been recerdiyitaptedusedadbdei-nehtidescdi @nféttant gdi@de: idat af lthd hi s
apparatus, when the size of the reference image (reproduced image) is zero,

4 wherehetieheifage iengacisieapplietel y transparent, predictive coding
carrled out using another reproduced i mage of which size is not zero.

Therefore wWhex b e 1 g ohy ectish Cansdddddd RE 2Rel PREGeALCIAYBHEELR EHere
conpressive coding and transmtted object by object to increase t

conpr essi;anpebligbBNgH, ihbgbSpauai dedvé hadcadMay IndilRscii3€ WHIRGE ﬂMygceh has
al r eady dlsappeared IS useg as the reference inage for predictive coding,

resul tinga,kg 8ppheALE! byeceagkegs,ep@ey aécs@lﬁgﬁ%b}aen%fblefiéﬁeerifma@%mrse%%l ve

codi ng that suppresses the code quantity. According to an el eventh aspect

of the p5e§§€5ckm§§8th@ﬁho&hggelh?uQrOé/' 1%J!d??ig_%a@reeq.'smg'e\hper%‘3@'dng
apparatus conprising input neans to whi ch data of a variabl e-si ze image is

input, wWhkeRgdat deksrdh¥bderlabBl 0aN8I i8S SR %nc%lj%t %fsw'%fc'a@%%r

that obtains a difference i mage between an object I mage bei ng an object “of

coding and gupyedieli 09 HPBYSCERVE CIPONM NG thdr8 ORRCH iRER1oR image
conpressive entoder that converts the diffeerence imge to conpressed data

by a prescrjbgdratd4udbRy2008 dhe COORL ASRIY & e, NG tPNIRG’SS onB of two
vari abl e-1 engt h encoder t at perforns vari abl e- Iength codi ng of the

conpr essed;, dalif-8ds P4 RUE Sy OEE th S Sre D LRI veeg%e@%dt h@hleﬁ%%es
t he conpressed data t0 an expanded difference inmage by a prescr

@anm Vﬁagegj‘i’ghi‘ﬁl@éx%eﬁﬁa%@ & 8dree JRID L Al £ R, a| thed e Od‘i%e‘%he

i mage; rediCtion image génerator that generates a f'1 predi iction image

using th p € y egence
e T N

expandedcg hbLeLence §omas, anth Lhes predicld o 'e%egegpgggeeet PRhent he

repr oduced nage and | taneously, storesthe r uced 1mage into the

frame gle)ééh irﬁa%@e &&'ﬁ&fé?éhc B3y FRLE Elo gﬁkﬁl@?e&het her or

not the pro as sl gni ant I'mage data to e referred to and,
when the, %E ?x‘?&'é’eﬂné@@ge 112S; 010, 34 AU 1+ %’%t v'a Qﬁlgagi‘zeaﬁmb Qewﬂi‘iéhng a
prescri be ue as | I mage data 1s used as e prediction nage nthis
apparatugavghgfrégﬁy disappeared are used as the reference images. As a
result, coded data obtained by efficient compressive coding that
suppresses the code quantity can be appropriately decoded.

According to a fourth aspect of the present invention,

there is provided an image predictive decoding apparatus



si Ze of the reference image (reproduced image) is zero, i.e., when._he
Teference image is conpletely transparent, predictive coding is caﬂrﬂeﬁp%dMﬂz
using a prediction inmage having a prescribed value. Therefore, in addition
to the above-nentioned effects, generation of the prediction inmage is
facilitated. According to a twelfth aspect of the present~invention, there
is provided an i mage predictive codi ng agparatus conprising input nmeans to
whi ch data of a variable-size image is input, which data is divided into
units subjected to coding; a J 15 2 4 APR ZOOZ subtracter that obtains a
di fference i nage between an object inage being an object of coding and a
predi ction image corresponding to the object inage; a conpressive encoder

t hat convempgishagdifpecemneansriigewhochompaes sealt alavkitdined prescri bed
conpressive coding process; a variable-length encoder that perforns

vari abl ecospgelsivdilpgcofiingeacvapiebseds dae almage ousing s2 quoescdidted an
expansi ve decoder that restores the conpressed data to an expanded

di f f er enmethpdgésbgpplpedscei Batiaeapahyeee detonli ang Iy osesshe alragaedataror y
that contains a reproduced i nage: a prediction i nmage generator that
gener at eand puoegutsi thei maggeusing &hé tker Duawge dt ¥aregbo st aresf finc idret f raane
menory as a reference inmage; and an adder that generates a reproduced

i rnage byeaddengwhhehexpatndedsdthéeimage tragefamd ddeef furcsidirat itan drimge,
and outputs the reproduced i mage and, sinultaneously, stores the reproduced
i mge i neaptheelir abEfoeanCy; imbge eupihdiea pyoek et iy inEdD e Rerfatante
generates the prediction inmge using, as the reference imge, at |east one
qggtmo r RpMOdYCEHati goat sinbi ehrépredbeed iapnt |y prepriediiced, indyech one

h significant image data to be referred to. Therefore, in the case where
pl ural obkRretat6oNShat UgeNgrabes NagSréd BciSidy SiGiRfe WU IGRYIPILSH e fRadme
and transmtted object by object, when a prediction inage is generated
using foimagd, afide baekreddcsef Briege estsBgLsSin ithd Frave @Rehddigt and an
vari abl e-si ze i mages whi ch have al ready di sappeared are used as the

ref erencgad8ngeBat I §sndtatgs i & Pepredlicdd VignaRdiplg AP A@ALES expakleR Of

ef ficient J i s conpressive coding that suppresses the code quantity. T 4
APR 20024 Ac£8F8h 08 iMade t hd t egat prasieciorofidiR ,Pese B tivheenthen, there
is provided an i nage predictive coding apparatus conprising input nmeans to
whi ch dat@ppbddcd@rimde-shde & IMPEtdfediil), MIrels dala rieprdidvicded imabe
units subjected to coding a subtracter that obtains a difference inmage

bet ween apt&biRE! £ramd RERoPE) NehéFe D) afd feiediing andga Readiratiben i mage
corresponding to the object 1 nmage; a conpressive encoder that converts'the

di fferensgahiRae §ife CUPT &8 Sesh delad Wb rbdURICHHEEE §orNLesS ¥8 geedikant
process; a variable-length encoder that perforns variabl e-l1ength codi ng of

the conpigssedigial aAnsk ord Pkt SeL oS d LAal Fendta@¥BaRSbreddeeedar iklak
restores the conpressed data to an expanded difference i mage by a

Pryscri beds gxpansiyerdecosidl Hagesst addamnEerepyolillabdCc9RhaN&hdch
reproduced image; a prediction inmage generator that generates a prediction
i mage usphg wdien e QUCce drd g S OTR IihdilRielr 3TgnigARRNtasmagkehargnce

i mage; an adder that generates a reproduced image by adding the éxpanded

di fferenee i pge Gk ddes Prafh Ctimn diRoer and eutrRYbscbhenpgRr oduced i mage
and, simltaneously, stores the reproduced image into the frame nenory; and
a shape geiectdicddainfptiects s her d.he yhepr eddcedripragec @ﬁhgeeis
significant 1nmage data 1o be referred to or not, on the basis of shape data

showi ng é&ﬁp%@eﬁf}, of r AL Ol a0t, gddingliudediclRqtifg Yarkabhe=ai 26t 898g

data; wherein the prediction i nmage generator receives an output fromt

shape defectiol, %Jama Nenage oPRIRiER21%E8 18PHBHAUGED,I MTRgRhaTNe,

significant 1 nmage ta, the prediction imge generator generates the

pr edi Ctim%rié 5 S e &S EdRIENANCR] T08nadl 5?@5%118 Bcten! pduced i mage

whi ch has ecentl’y reproduced andinclu significant image data. In
LS PRl WP Ldd:d S e ophaRe dg! epher:t bt 1hhgeLaRut
shape sign as a shape,” the shape signal 1S subjected to

the compression efficiency, it is avoided that a variable-size

image which has already disappeared is used as the reference



predi ctive codi ng and, when the input shape signal has no shape, thg $happ 2002
signal is not subjected to predictive coding. Therefore, when plural
obj ects constituting an image are subjected to conpressive coding and
transmtted object by object, it is avoided that a variabl e-si ze i mage
Wwhi ch has already di sappeared is used as a reference inmage for predictive
coding, resulting in a predictive coding &pparatus capable of efficient
conpressi ve coding that suppresses the code quantity. According to a
fourteenth aspect of the present invention, there is provided a data
storage nediumthat contains a programfor inplenenting a predictive
decodi ng process by a conputer, wherein the programis constructed so that
t he conputi@geefesurasdistilivggalanosdingt.i vésd@cagisudgtpr coded datar dbhginedany
of the above-described i mage predictive decodi ng apparatuses. Therefore, it
i s possi iy eff ircd@initz compy essfitgacediagptbdt csuppreesesli tye prodesguditat t gan
decode coded data obtained by efficient conpressive coding that suppresses
t he code cuname apprapecdatdiely decadedi.t eent h aspect of the present
invention, there is provided a data storage nediumthat contains a program
, 2 4 APR 2002 Ascéodimgpt@nentifhigh sagpech cif wehec pdiesgnr daesathpyna there
conputer, wherein the programis constructed so that the conputer executes
an i mage ipr pdiostiideel aadinggpr peesdcadeer deagding amypafatde ahwueideisey i bed
i mge predictive coding apparatuses. Therefore, it is possible to reali ze,
by sof t wanputampaedi ¢bi wvaichdinggpr daessobapidéd of edrip od nitveldonieiisige
codi ng that suppresses the code '~ quantity. According to a sixteenth
ask’lgect ofa Whaeipbeeesizenimateonsihherepresprvédatktthstatias Hpplagei medi um
that contains a programfor inplenenting a predictive coding process by a
conput er dawheaaklykbe PhoEhaghkyeeBsthecimgys ddhtadd&rPiy eheeXariydLs
an i mage predictive coding process according to any of the abovedescri bed
i mage predizet ky@ €Rdi Ngagpparahysesm dbErei®Tent i ta idedRs e dro real i ze,
by software, a predictive coding process capable of efficient conpressive
codi ng t haktoswBRr easesmhfe €edfsforflUaséftycidiW® ah ickparldechart of a
predi ction i mage generation process in an inmage predictive decodi ng net hod
accor di ngitr@edehbbSingghods 1BGL aOpréber PHES ARt Hawed i famdFn@es, 2hak and
2(b) are schematic diagrans for explaining inage prediction in the inage
predictivendgendi 80r8pLHAECAECONELEY & Optd@i B 1RSENImddRY @RlnedR ol Gwae 3 1S
a block diagramillustrating an inmage predictive decodi ng apparat us
accor di ngeharhbesf hr ste@ibodbAEthage 2uditPR 20Q2 S Beridle iimayent izon.
Figure 47is a block diagramillustrating a frame nenory unit used in the
Ithrrage pr 9?!9%&#:3[%3698}91:88\@@@8&&&@'@ 2€68di N9 e thRindd mehoegbagdiament of

e invention. :

corresponding to the input image; and an adder that generates a
{:) reproduced image by adding the expanded difference image and the
prediction image, and outputs the reproduced image and,
simultaneously, stores the reproduced image into the frame
memory; wherein the prediction image generator examines whether
or not the prescribed reproduced image has significant image data
to be referred to, and when the reproduced image has no
significant coded data to be referred to, an image having a
prescribed value as 1its image.data is used as the prediction

image. In this apparatus, when the size of the reference image

(reproduced image) is zero, i.e., when the reference image 1is



Figure 5 is a flowhart of a prediction i nage generation process in Zarl\' APR 2002
T mage predictive decodi ng nethod according to a third enbodi nent of the
present invention. r Figure 6 is a flowhart of a prediction inmage
generation process in an image predictive decoding nmethod according to a
fourth enbodi ment of the present invention. Figure 7 is a diagram show ng

i mage data according to the first enbodi fent of the invention. Figure 8 is
a flowhart of a prediction inmage generation process in an inage predictive
decodi ng nmet hod according to a second enbodi nent of the invention. Figure 9
is a diagram show ng i nage data according to the second enbodi nent of the
invention. Figure 10 is a flowhart of a prediction inage generation
process FAMBRAStAAYetprBEAPRLERE, dREBHL AL iRt ¢RePdictdrid mpawied fout msing
enbodi nent of the present invention. Figure 11 is a flowhart of a

predi cti anprrdgetiencimagenhprboess pPres@ribvedevplusti ctTherafemoni nign et hod
according to a sixth enbodi nent of the present invention. Figure 12 is a

bl ock di agdaniohl tist thei agowa-nhengeopeddd £f¢ ates ¢ aptiney adppar atfusha&ccor di ng
to a seventh enbodi nent of 2 4 APR 2002 20 the present invention. Figure
13 is a bkedkctiagramagél ust facihgtared mage predictive codi ng appar at us
according to an eighth enbodi nent of the present invention. Figures
14(a)-14(c) arredimgragad ar sxihaiasipegtaodathespoeaget neavent idm chthere
contains a programfor inplenmenting imge processing by a conputer, which

i mge prosessonpdés ameimégé heredictive decoding apparatus comprising

ft) input means to which image data obtained by compressively coding

a variable-size image using a prescribed method is applied; a
data analyzer which analyzes the image data and outputs the image
size and the image transform coefficient; a decoder which
restores the image transform coefficient to an expanded
difference image using a prescribed method; a frame memory that
contains a reproduced image; a prediction image generator that
generates a prediction image using the reproduced image stored in
the frame memory as a reference image; and an adder that

{;) generates a reproduced image by adding the expanded difference
image and the prediction image, and outputs the reproduced image
and, simultaneocusly, stores the reproduced image into the frame
memory; wherein the prediction image generator generates the
prediction image using, as the reference image, at least one of
two reproduced signals which have been recently reproduced, which
one has significant image data to be referred to. Therefore, in
the case where plural objects constituting an image are subjected
to compressive coding and transmitted object by object, when a

prediction image is generated using forward and backward



met*hods and apparatuses according to the first to ei ghth enbodi m&*nt';:2B fAF’ReZUOZ
invention. [Enbodinent 1] Figure 1 is a flowhart of a prediction i ge
generation process in an inmage predictive decoding method according to a
first embodi ment of the present invention. Before explaining figure 1, an
image prediction nethod according to this first enbodinent will be
described using figures 2(a) and 2(b). TH® size of an input inmage used in
the i mage predictive decoding nethod of this first enbodi nent is vari abl e,
and it may happen that the size becones zero. Figure 2(a) shows inages
201210 of a notion picture, which are arranged in the display order. The
image 201 is the first frame to be displayed, followed by 202, 203, ...,
and t hi s veflerence skoagedy M-8 RVSIrRD et Vieagebde-c1GE) imegelse whilch
image, it is subjected to intra-frame coding. In this first enbodi nent, an
i mage (oneave ankjeddy diisakreded Pptairsdedlasc khecasif elranicrg images . APR sDG2
21 the size of 8X8 pixels, and each bl ock of 8X8 pixels is subjected to DCT
and quantresatlton.cdded qled icdketh icus! fikieffiidient sobpeetsedveocoding that
vari abl e-1 ength coding. In decoding, the coded data obtai ned by the

vari abl e-3$wepmtds sali it | codrubjuerttEid  cantkieabipg roprgttedgcddcngedand t he
quanti zed coefficient obtained by the variabl e-l1ength decoding is subjected
to i nverse quaAtcpating andai segesehD&Ipethes£byhe gpreskrct nigitdre: iomge.
Next, the inmage #2 (202) is subjected to inter-frame predictive coding by
referringtherd hies reefvadieekdin nageyet breddtk.ivien cohbiiagf meshodmbadwheah, ausi ng
bl ock matching as a notion detection nethod, a prediction block having the
s'r"[gl | est effiib fa-amdche neljeccits hinpaic,cur perdiythenngmpyecessednisatetect ed
fromthe i mage #1 (201). On the basis of the detected notion fromthe

obj ect blasiadg,ovwry ¢ ther qreedicctiineiyd)| @ek 1eastophienuappoadieti Ofafe oskits
obt ai ned by notion conpensation of the object block fromthe reproduced

i mage #1 {20 PeerNadprativddd eledtae ket waedet Beialj aat ob?@@{i andcédeng,
correspondi ng prediction block is obtained, and the difference is su%jected
to DCT. The XeFaefidageents isuptuanritededroandnthpragdst i g8dins§ONtahd a
transmtted or stored together with the notion information. The reproduced
i mge #1 {i2FreiRle) St ch teledlceNaRgedBds Eohpthgsitale #3dé@03).aThis
prediction is called "forward prediction”. In decoding, the prediction

bl ock i s mdded ited ke ttidd;eiaree iwhitel Basdheenogubhe§t edst GehdVEESE

quanti zation and inverse DCT, thereby reproducing the inmage.
using, as a reference image, at least one reproduced image which

has been recently reproduced and includes significant image data

to be referred to. In this method, when the size of the

-~

reference image (reproduced image) is zero, i.e., when the
reference image is completely transparent, predictive coding is
carried out using another reproduced image of which size is not
zero. Therefore, when plural objects constituting an image are
subjected to compressive coding and transmitted object by object
to increase the compression efficiency, it is avoided that a
variable-size image which has already disappeared is used as the
reference image for predicfive coding, resulting in a predictive
coding method capable of efficient compressive coding that

suppresses the code quantity.



2 4 APR 2002 22 In |ike manner, the image #3 (203) and the inage #4 P2D4PR 2002
are subjected to predictive coding using reference i mages shown by the
arrows. Like the inmages #6 (206), #8 (208) and #10 (210), prediction nmay be
carried out froma previous inmage but one. In contrast with the forward
prediction, like the inmages #5 (205), #7 (207) and #9 (209), prediction may
be carried out by referring to a future ilftage to be displayed after the
object image. This prediction is called "backward prediction”. Wen both
the forward prediction and the backward prediction are carried out, this is
called "bidirectional prediction". The bidirectional prediction has three
nodes: forward prediction node, backward prediction node, interpolation
node for bal andiqupadiad dronand ehgddibc Bispecandft hbebprkaant prneentcionn.
Figure 2(b) shows the transm ssion order, i.e., decoding order, of the
i mages prebléce eds gerohbied i an f image Rfedictivelwdimggaetho@2ib) which a
initially decoded and reproduced. Referring to the reproduced image #1, the
i mge #2 (2i23ble-slezodiathgdVidh imspecta tprddietdiict rieagieonal genediatiedon
image |like the inmage #5 (216), the reference i mges used for the prediction
have to besitlegodes ante fepsock cathdef o eidvribedi clepeoducede imdber ehaea,
the image #6 (215) is decoded before the i mge #5 (216). Likew se, the
i mage #8 K24 Heamdrdprodurmge Befb{2 1) ataeyd maiswi bhedbjdecodedcaddng,
reproduced before the inmage #7 (218) and the inage #9 (220), respectively.
VWhen transme téh et mdabl £-Siterddmge £ idie thiezpretdithéon 23agde4 ARR 2002
i mage nmust be transmitted. In this first enbodi nent, the inage size is
dﬁ?cri bedd gt £ fendeask ofedhe eastedindajes dfs idepireageveandcbhedhpyi zont al
and vertical sizes Hmand Vmare shown by 20 bits each. Figure 7 shows
coded i mygpes Stotk BoddV/Rle HEDY AiHWrdic,t hikserf ithet repkedureat imagd tbedcaded
data includes the notion vector, the quantization width, and the DCT
coeffi ci efdfeddh@ddiddfn Hes Ao~ diltpiFdIdaz@ntighgandaygr tbCBL s&Zesr& 8Hd
Vm Next, a description is given of the prediction inage generation process
in the i nBage fIRAiHdd MRy @Bgﬁt@ﬂ&i@&%l@tﬁcﬁkdwg tRalBeqhtastsenbedi gent .
In order to generate a prediction inage, initially, the size of the
previ ous dief genge-1 BiP& Mayd NPUtn (181:8P mddod, aRdleint the 8Xagi pedcuhet her
the size of the reference image is zero or not (step 103). In the decoding
order shoyrd e ddddunt g MreprdRiREenaR kg akywaysiexi stghdefone an image
bei ng an object of decoding (in coding, an object of coding). That is, the
(rjgl; g&_egceréﬂa%des Fdgesti § kA1l 1ePeduspd rbARYepk8qt Bei P egbginyeis

I'ng

carried out using a prediction image having a prescribed value.
Therefore, in addition to the above-mentioned effects, generation
{:) of the prediction image is facilitated.

According to a ninth aspect of the present invention, there
is provided an image predictive coding method in which a
variable-size image is input, a prediction image is generated
using a reference image, an object image being an object of
coding 1is subtracted from the prediction image, and a difference
between these images is compressively coded by a prescribed
method; wherein the prediction image is generated using, as the
reference image, at least one of two reproduced images which has

been recently reproduced and includes significant image data to



method of this first enbodiment. For exanple, in figure 2(b), a refekekiRie 2002
image for the image #4 (214) is the inmage #3 (213). However, an image
reproduced by bidirectional prediction cannot be used for prediction, so
that this imge cannot be a reference inage. Therefore, for exanple, a
reference image for the inmage #8 (217) is the inage #6 (215). Wen it is
decided in step 103 that the size of thelZ2 2 4 APR 2002 24 reference nmage
is not zero, step 104 follows, wherein a prediction inmage is generated
using the reference image. On the other hand, when it is detected in step
103 that the size of the reference inmage is zero, step 105 follows, wherein
a prediction inmage is generated using, as a reference i nage, a recently
reproducbg iredgaref WRich Tdiexefioyenotinz&he. cTRe vhgrofpHeraktobipets ecent |y
reproduced i mage of which size is not zero will be described hereinafter

usi ng fi genst2tbringnanhemegseast gohdeateédgta gorplfedidiore igmbadpfartche

i mage #4 (214), it is assuned that the size of the inage #3 (213) just

bef ore theansmgeted 6Ridrti byzebdechndvwhér aipeedictive iimege #2 is not

zero. In this case, a prediction inage of the inage #4 (214) is generated
by ref er gengrasetihesimggéo#Ragdland bakkewkse, réfetdreccdsagefs,gdreriat i ng a
predi ction image of the inmage #6 (215), assum ng that the sizes of the

i mages #3avp2d8) ahdt#dat2dd)eastzeecimagehevipradildven lirmagy idd sg@peraateeld by
referring to the imge #2 (212). This first enbodi nent enpl oys bl ock by

bl ock notirenueedpessthéonefisranaet hoagésr genertatring na appadiddictdive mage,
like MPE@. Figure 3 is a block diagramillustrating an inage predictive

détypdi ngcagpagangsh38@0capabldi af &6fidbedt radmprdsadivee ioddhgt k@ aitnvent i on.
The i mage predictive decodi ng apparatus 300 recei ves i nage data obtai ned by
conpr esskuppyes6dsnghe@ voadéahensize. i nage by a prescribed nethod, and

perfornms predictive decodi ng of the inage i 2 4 APR 200Z 25 data.
According to a tenth aspect of the present invention, there

is provided an image predictive coding apparatus comprising input_
means to which data of a variable-size image is input, which data
is divided into units subjected to coding; a subtracter that
obtains a difference image between an object image being an
object of coding and a prediction image corresponding to the
object image; a compressive encoder that converts the difference

i:) image to compressed data by a prescribed compressive coding
process; a variable-length encoder that performs variable-length
coding of the compressed data and outputs coded data; an
expansive decoder that restores the compressed data to an
expanded difference image by a prescribed expansive decoding
process; a frame memory that contains a reproduced image; a
prediction image generator that generates a prediction image
using the reproduced imége stored in the frame memory as a

reference image; and an adder that generates a reproduced image

by adding the expanded difference image and the prediction image,



The' i mage predictive decodi ng apparatus 300 includes a data anal yzef 43%7’? ?DUZ
decoder 303, and an adder 306. The data anal yzer 302 anal yzes the
conpressively coded i nage data, and outputs the quantization width and the
DCT coefficient to the line 312, the notion vector to the line 318, and the
image size to the line 321. The decoder 303 transfornms the conpressed bl ock
data (conpressed i block) fromthe data &dal yzer 302 to an expanded bl ock
by data expansion. The adder 306 adds the expanded bl ock and the prediction
bl ock to generate a reproduced bl ock. Further, the inmage predictive
decodi ng apparatus 300 includes a franme nenory unit 309 and a prediction

i mge generator 310. The frane nenory unit 309 stored the reproduced bl ock.
The pr ediactd ontipvdge tgeneeprodu@Ed daageatad, asimdit @ssodnly acsesse ngthde
frame menory unit 309 on the basis of the notion vector and obtains, as a
pr edi ct i arprodticeda iblagek inter ésporfidamg nhembhe; awltke vsin firhoem biwed i ateiyen
stored in the frane nenory unit 309. In this first enbodi nent, the

predi cti dmaigengengeaepat exadlifedeshdéberasranoef gienogpiothgesd aintddyleas
reproduced i mage whi ch has been recently reproduced and incl udes

si gni fi cangniifagandatimaye detaeker bedreéberpadthe, hasd yefeddired mge si ze
fromthe data anal yzer 302. The decision of a reference i mage nay be
carried gilediasishownaby detiheg] hsnasréfefémtd eiragdy dtSilhst ey rol | er
320 that controls the frame nmenory unit 309 according to the inmage size
from t he rdgtradarably 1Ragé0vhithahakSbeéherésamEl yeraynoductl ar AR 12Q0%
unit 309 is controlled by the controller 320 so as to select a single

r 6Py oduced ghiggeanki ehabasdhean resenhliy appspsduesd wkh itHd Wiefe of the
significant inmage data to be referred to. The decoder 303 conprises an

inverse gdaBtbAee 3R4gbhatepp¥ahEEHYiftgd] | ZLS2dME GORRressRsh Riheck from
the data anal yzer 302, and an inverse discrete cosine transforner

(hereinattecregker &@Q?éomscb@gﬁt@? t Pl shefd ¥, M M@t S & eDEbding is

(transformation of a frequency region signal to a spatial region signal) to

the out pehrfied bhe L5YRESEnEEABLT 268 rdifced UMY off GhLANGE RUTRN dlbs 301
and 307 designate an input term nal and an output termnal of the inage -

_predicti !@r9¢00%ege§99@5awgn?»BQuré\ld%fé&tpé | hd S HeMeRy Yn LR RPeHA | on

of the image predictive decoding apparatus shown in figure 3. First of all,
i mage dafan§eeded dat é‘%m?ﬁ%%é Ded By LIRS Rl ¢RAUNG g WRT babbeyelze

image in a prescribed ne
to increase the compression efficiency, it is avoided that a
variable-size image which has already disappeared is used as the
reference image for predictive coding, resulting in a predictive
{:) coding apparatus capable of efficient compressive coding that
suppresses the code quantity.

According to an eleventh aspect of the present invention,
there is provided an image predictive coding apparatus comprising
input means to which data of a variable-size image is input,
which data is divided into units subjected to coding; a
subtracter that obtains a difference image between an object
image being an object of coding and a prediction image

corresponding to the object image; a compressive encoder that

converts the difference image to compressed data by a prescribed



isinput to the input terminal 301. In this first enbodiment, corrpZe%ﬁP\ReZUﬂz
‘coding is carried out using notion conpensation DCT as in MPEGL, so that
the coded data includes the nmotion vector, quantization w dth, DCT
coefficient, and data of inmage size. Next, in the data analyzer 302, the
‘conpressively coded image data is analyzed, and the quantization w dth and
the DCT coefficient are transmitted, as lcbnpressed bl ock data, through the
line 312 to the decoder 303. Further, the notion vector analyzed in the
data anal yzer 302 is transmtted through the line x .. 2 4 APR 2002 27
318 to the prediction i nmage generator 310. Likew se, the inage size

anal yzed by the data anal yzer 302 is transmtted through the like 321 to

t he cont EeMPERSSRPe FAJiRg HELHESF/ 3DIVariel tnhingdeerastas ddad i.e.,
conpressed bl ock, are expanded by the inverse quantizer 304 and the inverse
DCT tranBfsfashns3variahéeebyngeherading ah Exarimressed|dafia 21 To be
specific, the inverse guantizer 304 inversely quantizes the conpressed

bl ock, afdtPubsi aedededatd’ t *RANSTRARRE VB0 G fdrats nasd dnesqidycy ar ea
signal to the spatial area signal, thereby generating the expanded bl ock
314. | n cheppeededt dahai hagen gereanded QuDfezanay dinage Gt Ife prstsicaibesct or
transmtted through the line 318, an address 321 for accessing the frane
menory uakpaBfdve sdgendiny eproadsis t ha sfizaith esun@] thaiti mpmtatiost ke f r ane
menory unit 309. Then, a prediction block 317 is generated from i mages

st ored i nephediicadeimag®er ya upred BOQLomMhiengyedatdmrtdyd dblat3génezt®esamd t he
expanded bl ock 314 are input to the adder 306, wherein these bl ocks 319 and
I ar e pdeeilctider ahyggeneing i the aremprdtirbdridgecls tdted The theprfadmeed
bl-dck 315 is output fromthe output termi nal 307 and, sinultaneously, it is
transm thedotyrasigh tdibetémee 3iagnd atdraed ddddrhe Hartamenezaney anit 309.
When intra-frane decoding is carried out, the sanple values of the

predi cti papbbdekedr tmadd IFeraddilie tdpereatpaordedf dife€epeadiectimagei amge the
generator 310 is identical to that already described with respect to the

fl owcharpredic28orR #mARR 2002 @itdutgurehel . refhaiduced tihagei zadef the
reference image is input to the prediction inmage generator 310, and the

r ef er enceimiBgend Suslpg) detbias tttee preadiceticen iimage dener aher f3afle The

deci sion of the reference inage may be carried out by controlling the frame
Menory uhéhoBP0 Wwe€s Th Nthd rediortirin dmaskeigeele rblie rsezamhesheheeherence
image is zero or not, which information is transmtted through the

control | er 320 teel tdierdduceB2idnads Hi=e A gns fadcheckmdigagaanui tbuskrating a
frame nenory bank 406 as an exanple of the frame nmenory unit 309 in the

i mage pregfstta® glecoi hovleppatal uspddaeenritiage hast he bigatreabadi nent.
The frame nenory bank 406 includes three frane nenories 401403. The

repr oducgflhgaegecd S &t oimethd manmofa e sordmedeatneeas49t403mabedata
generating a prediction inage, these franme nenories 401403 are accessed. In
(h)s firss esdwdisemie ghedideiom neayey. bank G haparatus, when the

size of the reference image (reproduced image) is zero, i.e.,
when the reference image is completely transparent, predictive
coding is carried out using a prediction image having a
prescribed value. Therefore, in addition to the above-mentioned
effects, generation of the prediction image is facilitated.
According to a twelfth aspect of the present- invention,
there is provided an image predictive coding apparatus comprising
input means to which data of a variable-size image is input,

which data is divided into units subjected to coding; a



, ~ 'swi tches 404 and 405. The switch 405 is to select a frame nennry 4CKPR 2002
'storing the reproduced i mage which is input through the |line 408
(corresponding to the line 316 in figure 3), fromthe frame nenories
401403. The switch 405 selects the frane nenories 401403 one by one,
‘controlled by the controller 320, i.e., ?gcording to the control signal
322. That is, after the first reproduced fnmage is stored in the frane
menory 401, the second reproduced inage is stored in the frane nmenory 402.
After the third reproduced inage is stored in the frame nenory 403, the
switch 405 selects the frame nmenory 401. The switch 404 is 29 2 4 APR
2002 connect ed throggr the i ne 407.%§orresgondin% to the line 317 in
figure 3PUWEIARESd &dedt PhTaiRggE GEféFEEare31829R RREYFRR i e %a
sel ects the frane nenories 401403 one by one, control|ed by the controller
320, i.eimagiec&edingg o et oRtr GPPgnaRd322PT Rl EPD HFRI%W t chi ng
order is changed according to the size of the reference image. For exanple,
al t hough cor& esmionel 9040 $heo Obd EEnABEEEd oCPRRTST BHES MMeRde U0 dor t
generation of a prediction inmage according to the given order, when the
i mage si zengkntise theasd ffersnFe40mage 26r 6OMPHesS oMt dalld Y PP rFRTEIed t he
swtch 404 so as to select the previous frane nenory 401 (on the prem se
t hat thecompgessiive cbding Pragesgendr yagoabie-hengtlerencodsy tiat way, a
predi ction i mge can be generated froma reference i mage of which size is
not zer opetiferaw velriabldemignoéhcendengealt hel compressan dadioranss at t he
sane tinme. Further, in a unit where each frane nenory is reset at every
rgEToducbhmpu@S aosiedgbetarngs, eapragane| decegevdunld femtprasf thid ch si ze
i s“hot zero can be left in the frame menory by controlling the unit with
t he cont colpees320 setbhabp aheekpandededbf ferenemtimagsetb e prdse rsibesl of
the reproduced inmage is zero. In other words, it is possible to prevent the
frame nesmpgnsiom becndingdpredeswhi heframe hhendiy sthasnmmditaamts tehe bl ock
by bl ock notion conpensation DCT nmethod is described, the present invention
i s appl i eablreduaedt haegpr edi prednchidhoiisagsi gene fairore xdmi gengralias @ot i on
conpensation or arbitrary |attice-shaped bl ock notion 2 4 APR 2D02 30
conpensapiretickiphhemagal thdnghtha répsoflicsd Bmusdistenteda ipr edhiec tfiramel mage
is generated froma single reproduced i mage serving as a reference i mage,
t he preseaemogveast eonefsrshael ambyeapphd cal &ddex ttimtc gemartages @
prediction image is generated fromplural reference i mages. As descri bed
above, ateprddngetoiinhgef bysbddimbgdthentxpénddd dififetdnare, itdagesianel dhea
previ ous reference inmage which is input to the apparatus is detected and,
when t hepgkdecafiohhémagéer endeocuhpgesi shaotemsrdyceal pivediectanon | nage i s
generated using the reference i nage. On the other hand, when the size of
t he previsamaltehebante, i sageesstaer peproguesl cinage iimage the deaeweat ed usi ng
a recently reproduced i nage of which size is not zero. Therefore, when

ral ohpRetk§;CceRstkint thg phedibagtonr Emsgd]ganicathticr eemerateisveheodi ng
a transmtted object by object to increase the conpression efficiency, it
i s avoi dpdetihatianvankgbl esshgpe asugee wh tdrdrase alntrpdy adi deppeaved o used
as a reference inmage for predictive decoding or coding, resulting in
appropri awe pepdbatic¥e degndlagwhickotiveg leegralierenft Isupppessiuagd, hehich
residual signal (difference signal). Further, the coded data obtained by
the i magengr RdsCEiyai€0dany apage atiasa acs aveli ref drar dchits .S eVRreide feegdiiment
can be decoded correctly by the i mage predictive decodi ng appar at us
accor di nghtochbe wBeendpenbali oBféct§ Eodosh MAEing an image are subjected

to compressive coding and transmitted object by object, when a
prediction image 1is generated using forward and backward
reference images, it is avoided that variable-size images which
have already disappeared are used as the reference images,

resulting in a predictive coding apparatus capable of efficient



In the first enbodiment of the invention, it is detected whether the,si ﬁ
of the reference inmage is zero or not, and the r 31 reference ingbé Aé 2002
decided using the detected information. 'f NNK ZO-~ However, when the fact
that the image size is zero is shown by another index (e.g., one-bit flag
F), control can be carried out using this index. In this second enbodi ment
of the invention, generation of a predictfon inmage is controlled using such
index. That is, in this second enbodi nent, as shown in figure 9, coded data
of an object inmage includes a one-bit flag F showing that the imge size is
zero, i.e., the corresponding reference imge is conpletely transparent and
has no coded data, and this flag F is placed before the horizontal and
vertical @omBREeHhehEodhshdiaty SURPLPEGE $heeCoWheiu@RBitHage size is
zero, the flag Fis "0". In this second enbodi nent, generation of a
predi ction i redecpsdépat k6l Rehistagntheaspegt R HdreinkgdIart I WRINGKIpt i on
is given of a prediction imge generation process in the inage predictive
decodi ng rhetwd sagomrtdidey tan tiveasepoedichbudi aedinguspbpgrahesf comphasingf
figure 8. To generate a prediction inmage, initially, a previous reference
i mage is inmput neanst d 802 chadditiat dfs aexamiinbdleraizge epn898 ibetheuti he fl ag
F of the reference image is "1" or not. Wen it is decided in step 803 that
t he fl ag whiafh tdet a dfserdendaledmiged sinits, suhgested ovd ¢hdsngef&rence i mage
is not zero, nanely, the reference image is not conpletely transparent and
has codedutdairmctsa, thatstodralod, aadpfédrehconimaggebeswegemesat @ojest ng t he
previ ous reference i mge. 2 4 APR 2002 32 Wien it is decided in step 803
t hay t he iflaag Pedhdg ke &fjecenoE icoddegi andod PAédist B 8badel | ows,
wherein a

corresponding to the object image; a compressive encoder that

converts the difference image to compressed data by a prescribed
compressive coding process; a variable-length encoder that
performs variable-length coding of the compressed data and
outputs coded data; an expansive decoder that restores the
compressed data to an expanded difference image by a prescribed
expansive decoding process; a frame memory that contains a
reproduced image; a prediction image generator that generates a
(:) prediction image using the reproduced image stored in the frame
memory as a reference image; an adder that generates a reproduced
image by adding the expanded difference image and the prediction
image, and outputs the reproduced image and, simultaneously,
stores the reproduced image into the frame memory; and a shape
detector that detects whether the reproduced image includes
significant image data to be referred to or not, on the basis of
shape data showing the shape of an object and included in the
variable~-size image data; wherein the prediction image generator

receives an output from the shape detector and, when the



prédiction image is generated using, as a reference inmage, a recegzh%
T eproduced i mage of which flag Fis not "0". As described above, C $@Rn&m2
to the second enbodi nent of the invention, when plural objects constituting
an i mage are subjected to conpressive coding and transmtted object by
object, it is avoided that a variabl e-size i nage whi ch has al ready
di sappeared is used as a reference inage}7resulting in appropriate
predi ctive decodi ng or codi ng capabl e of suppressing the residual signal
(difference signal). In addition, the coded data of the object inmage has,
at its head, a flag show ng whether or not the previously reproduced inmage
has significant coded data to be referred to, and the reference inmage is
deci ded HPREAGISHMAHS HASaglC oIt Gpdr P8R BRtaectBPnBreréCE&PBr ence
image is facilitated. [Enbodinent 3] Figure 5 is a flowhart of a
predi cti oiMagfFEeNREATR I HTES $hen PaediifhdenpiBapet §éndecddi Ag met hod
according to a third enbodi nent of the present invention. The prediction
i mge gen&@IGIFrigeass adcdridisig A wePsodured éMPeEi wehehi Bas been
fundanental |y identical to that according to the first enbodi ment except
that stepgFsERhtly fiepuosusedaleds tine lpdgse sapgnsfepanbsinagei gakea. 1. Inntgﬁ-ép
505, when the reference inage is zero or when the reference inage is
conpl et elaprazatsisar elen drt wisedetigetieida§yFthezshapPRiebert s biiat heh¢ mage
is "0"), a prediction imge to which a prescribed value is assigned, i.e.,
a predi ctingmt rrgeeh®iiong la hgise gcisiniape , vahaeshape gehgnat etls swbiddsed o d
enbodi nent, it is assuned that the prediction image is gray, i.e., both the
|:(Myi nanc @ reidgreddi wealcoeliagd ankle edleor tdef fiepehcehapgnalgval usas her estiape e
128. As a result, when coding, the gray block is subtracted fromthe bl ock
bei ng an tdls etitapef sdgaiaigisWhen debdeichgd thepgedychbioekcodimglded to t he
bl ock being an object of decoding. The prescribed val ue nenti oned above nmay
be vari alflheredfiodet, hwhenablermiy obd ectansonst eduf frogn dheireapodare t o t he
decoder to be used for generating a prediction inmage. As described above,
accor di ngubg etctedt hior domplredisiwet cofiinbeanhdvendn omi t éknolp] esalboylesdct,
constituting an inmage are subjected to conpressive coding and transmtted-
obj ect by tohjseatvpidiedi shavobdedrtibbieasyvaei abdge silrich rrege alireddihas
al ready disappeared is used as a reference inmage, resulting in appropriate
predi cti dé sdppedired as cedidngscapablferefcsuppagssfony diedi@siviiatodimgnal
(difference signal). Further, when the size of the reference imge is zero,
i.e., wheesuheingf eneacpredageive codphet ebyatatans paamitile ao Hreeffiictiieat
i mage having a prescribed value is generated. Therefore, in addition to the
sane effeemprassprvevcdddnbythhe bupptessbodimentqdgenetratiton of the
prediction image is facilitated. [Enbodi nent 4]

According to a fourteenth aspect of the present invention,

{:) there is provided a data storage medium that contains a program
for implementing a predictive decoding process by a computer,
wherein the program is constructed so that the computer executes
an image predictive decoding process according to any of the
above-described image predictive decoding apparatuses. Therefore,
it is possible to realize, by software, a predictive decoding
process that can decode coded data obtained by efficient
compressive coding that suppresses the code quantity.

According to a fifteenth aspect of the present invention,

there is provided a data storage medium that contains a program



2 4 APR 2002 34 Figure 10 is a flowchart of a prediction inage gene%a{ iAPR 2002
process in an imge predictive decoding nethod according to a fourt
enbodi rent of the present invention. The prediction inmge generation

rocess according to this fourth enbodi ment is fundanentally identical to
that according to the second enbodi nent except that step 1005 in figure 10
t akes the place of step 805 in figure 8.18n step 1005, when the flag F of
the reference image is "0", a prediction imge to which a prescribed val ue
is assigned, i.e., a prediction inmage having a prescribed value, is
generated. According to the fourth enbodi mnent of the invention, when plural
obj ects constituting an i mage are subjected to conpressive coding and
transmit tfy dBjrdemeny 1ol aécPredictd vay 6oddadt REPCaSTaPY adl eompyreet mage
whi ch has al ready di sappeared is used as a reference inmage, resulting in
appr opr i athegsieditdiei peogeeadilsg constadicigdc spabhet othe uppnesse ngexdeutes
residual signal (difference signal). Further, the coded data of the object

i mage hasin dmaiges predd ctd vel agddhgwipngcelet hecoodimgtte henypreli tus| gbove-
reproduced i mage has significant coded data to be referred to, and when it

i s det ectdegcribted: hmggkl ageddct@ve aopiedi eppanatusge. haVlhage fope pscti bed
value is generated. Therefore, in addition to the sane effects as provided
by the seocesdbidebadi menfizgenbyasiodhnwetet he predictivs codbigey irsrocess
facilitated. [Enbodinent 5] Figure 6 is a flowhart of a prediction inage
gener at i aapabled oAPRI20B2e85 ppopesssiine anod hmg et i te 8 uqdp wees ke attieng-dds hod
enpl oyi ng bidirectional prediction, according to a fifth enbodi nent of the
pfgﬁent igneamntiten. Hereinafter, a description is given of the bidirectional
predi ction process in the case where the reference image size is zero,
i.e., when theacedetinsed ragel itearuiplaipalat ofanspapessentnihizahtyoni n
step 602, the sizes of forward and backward reference i nages are input. The
i mge #5th2@8) ishpwbvidedi gudeta(storsga médhuectianaoyadisctd @rdgrage of
whi ch forward reference i mage and backward reference inmage are the i1 nage #4
(204) andotrhemplegen#bn§286predeapecti veding Wiedrdds ity de@dstgditeat, st eps 603
and 604 that the sizes of both the forward and backward reference i nages -
are zer oyhapeifBgRet profiren a8speenstirhetey bl ags Rbutiert excdhtidinge
having a prescribed value, is generated as a prescribed value in step 605.
Wien it ks dpebdedrédisteps 663ia§0pHOdedhaicddriirigZ e Plarheff @hedathove-
reference image is zero and the size of the backward reference inage is not
zero, a peedrebb@NimABEEpt&edoenerat €6d sy b at Ui backuared 4ref eriances
image in step 606. ' Wen it is decided in steps 603 and 607 that the size
of the fprusigleectsr £HEEL LERISyY | SoNBlaZe) G PYbdiRe i%ieZ @ o@fi nighe rBekwar d
reference image is zero, a prediction inmage is generated using only the
forward &QEQBEQCSfl SBPEci En 6t €PmPPSs s Wercddin tied @%?)pr@s%%%_p%héo%o@@d
607 that the sizes of both the forward and backward reference i mages are

Qg) Z€r Oguéntity.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flowchart of a prediction image generation
process in an image predictive decoding method according to a
first embodiment of the present invention.

Figures 2(a) and 2(b) are schematic diagrams for explaining
image prediction in the image predictive decoding method
according to the present invention.

Figure 3 is a block diagram illustrating an image

predictive decoding apparatus according to the first embodiment



2 4 APR 2002 36 prediction image is generated using these referenc& Lmaqg?mn
1n step 610, the generated prediction imge is output. Receiving tlée
prediction image, the encoder subtracts the prediction inmge fromthe
object inmage, while the decoder adds the prediction inmage to the difference
of the object image. In this way, the resjdual signal (difference signal)
can be suppressed. As described above, ack%rding to the fifth enbodi nent of
the invention, in the case where plural objects constituting an inage are
subj ected to conpressive coding and transmtted object by object, when a
prediction imge is generated using forward and backward reference inmages,
it is avoided that variabl e-size i nages which have al ready di sappeared are
used as tR& FBFelBREBLLRBges, resulting in appropriate predictive decoding
or codi ng capabl e of suppressing the residual signal (difference signal).
‘~ Further, sintWorkdittd dhIHaghiatiathd dusiteatingea fapne memory
generated, generation of the prediction imge is facilitated. [Enbodinent
6] Fi gur euliti gsgdf fpnehar imdgeaPpredrti YO e Ry ambeaator Resesssina te
predi ctive decodi ng nethod using bidirectional prediction, according to a
si xt h enbsenéhtrsbfempedprereneli AheniPeenti®i s si xth enbodi nent is
fundanentally identical to the fifth enbodinent, in |Iike manner that the
second and fourEiguebddilferd £ lowchantd@test RIredirtéoni tadge ogemerdtien and
third enbodi ments, respectively. To be specific, in this sixth 2 4 APR
2002 37 epbodemenin arjimage predicotive deeqbigdRetdod avdoddingn tii gure 6
are changed to "flag Fis 0 ?" as shown in steps 1103, 1104 and 1107 in
ffgyre 11thAcdoedboginent hef stixe hoeedenli nemterdfiarhe i nvention, in the case
where plural objects constituting an i mage are subjected to conpressive
codi ng and trarSgureed dlsj ectf lowahigjréciof awhpnedipt bon cimage | gayErasion
generated using forward and backward reference inmages, it is avoided that
vari abl e- preees sagesamhircdghaveedi cebdy dbcaiipgamedhade aoseddasgt he a
reference images, resulting in appropriate predictive decodi ng or coding
capabl e ofosupprestsodigndrte ¢ stveiabrssgralinvdintfiienence signal). Further,
when it is detected that the flags F of the forward and backward reference
i mges are "0" Figureedi disi andimggerhahongng pnegerddes aadamsdisy generied ed.
Therefore, detection of the variable-size image which has al ready

di sappear £ilrss éroddimeited £ artte giemerratiicoon of the prediction inmage is
facilitated. [Enbodinent 7] Figure 12 is a block diagramillustrating an

i mage predicti Faguedi Bgispparfdbushb@BOocficaopdedict tora inempntderasdadigrent of
the present invention. The codi ng apparatus 1000 conprises a texture coding
unit 1100ptbedésperd armrsi i mitd disciciotd Rpcoldiagt exthod acgaabdinagnpoi aing a
| um nance signal and a color difference signal, and a shape codi ng unit
1200 t hatspesidrempqudiathrct iofe tdodiingreoft imnshape signal . The texture coding
unit 1100 conprises a blocking unit 1110 1 ~ APR 2002 38 that divides a
t@ture si gnal meurkr anesi at diphuaal sheeindl dokge data according to the

second embodiment of the invention.

Figure 10 is a flowchart of a prediction image generation
process in an image predictive decoding method according to a
fifth embodiment of the present invention.

Figure 11 is a flowchart of a prediction image generation
process in an image predictive decoding method according to a
sixth embodiment of the present invention.

Figure 12 is a block diagram illustrating an image

predictive coding apparatus according to a seventh embodiment of



each having the size of 16X16 pixels (a unit subjected to coding) azq' PR 2002
‘out puts the divided texture signal; a subtracter 1160 that cal cul at £
difference between a bl ock being an object of coding (hereinafter, referred
to‘as an obj ect bl ock) and a prediction block corresponding to the object
‘bl ock; a conpressive "~ encoder 1120 that conpressively codes the
dlfference and a | ocal decoder 1130 thdﬂ)expan5|vely decodes the out put
fromthe conpressive encoder 1120. The conpressive encoder 1120 conprises a
di screte cosine transfornmer (hereinafter referred to as a DCT) 1121 that
perforns discrete cosine transformation (DCT) of the difference, and a
quantizer 1122 that quantizes the DCT coefficient. The |ocal decoder 1130
conpr i seshgn prepense 1§VERLiosr | 131 that inversely quantizes the out put
fromthe quantizer 1122, and an inverse dlscrete cosine transformer "~
(hereinafter rBiguredl3olasa dplepcHiagrsm tildussaetangs amiaesge DCT
(transformation of a frequency region signal to a spatial region signal) to
t he out ppirebicmiviee ciodv.ags epgaaati2eaceaBUinguEe han  eidieth exodinsth neft
unit 1100 includes an adder 1170 that adds an expanded bl ock output from

t he | DCT the3praseénthéngeedioni.on bl ock to generate a reproduced bl ock; a
frame menory unit (FM) 1140 that stores the reproduced bl ock; and a

predi ction i nefegyeserkg Ox) 4160c) teate ahitagirmemsa fpreexptladnibboekdata
corresponding to the object block frominages stored in the frame nmenory
unit 1l 4Qthyapet mediamnmpedsat contanns he bhasysarnffomtingnlemeéh i PR 39
informati on detected by a prescribed notion detection nethod. The

p«’?di cti proceBgengebgr at aomphb6rdeshilels tmagd eymmessiragel s coree afeferged to
whe€n generating a prediction block (prediction inage) fromthe reproduced

i mges shetdddsnahBeappamatosaesr gcoordind 40 drhd hiei dstsito afidghteh | mage si ze
obt ai ned fromthe output of the blocking unit 1110. On the other hand, the
shape codpgdineht$20@ ehapihsestYon. bl ocking unit 1210 that divides a
shape S|gnal per frane into plural nacroblocks each haV|ng the size of
16X16 pi xehs : e t ' RME di vi ded shape
signal; a subtracter I260 that calculates a dlfference bet ween a bl ock

bei ng an[Qngggmgﬁtcgylng (obj ect block) and a prediction bl ock
correspondi ng to the object block; a shape encoder 1220 that codes the

difference by mquescrihed catbwtguamt kada prddacshapeiflegedgend23doibhat
decodes the output fromthe shape encoder 1220 by a decodi ng net hod

COfreSDOﬁQbegsgolhhanQﬂagg peéhodt i Thedsdepin £ Matrid Boddredes ticha out put
fromthe subtracter 1260 by a coding nethod such as quarter tree or chain
codi ng. FhesshapBoa@hleAs BRI £hd 20Pe§ént hefvear i .S e SBafb sl derp U2 idhat
adds a decoded bl ock output fromthe shape decoder 1230 and the prediction

bl ock tofrggaecate anr epagdupeddbtockn metfHaimad®RIMMINd HHHM)E1k240 t hat
stores the decoded bl ock output fromthe adder 1270; and a prediction inmage

g;fger at obnb3a9mbhat wobt abasdas &f ese &t iHMmP! Nigku ey regnondid@ (1) .t he obj ect
ck fromthe shape information stored in the frane nenory unit 1240 by

2 4 APR Op2 4GpHmtd oft ¥ pansiafgudn ikasedueedt g Rk pRabaf preattonveet ect ed
by a prescribed notion detection mnethod.

decoding method of this first embodiment is variable, and it may

happen that the size becomes zero.

Figure 2(a) shows images 201~210 of a motion picture, which
are arranged in the display order. The image 201 is the first
frame to be displayed, followed by 202, 203, ..., and this order
is shown by #1~#10. Since the image #1 (201) is the first image,
it is subjected to intra-frame coding. In this first embodiment,

an image (one frame) is divided into plural blocks each having



Further, the prediction imge generator |250 decides a reference i geApR)r%ﬂﬂz
be referred to when generating a prediction block (prediction inagg?, fro

t he_reproduced i nmages stored in the frame menory unit 1240, on the basis of
the.- i mage size obtained fromthe output of the blocking unit 1210. The

‘deci sion of the reference image by the coding unit 1100 or 1200 nay be
carried out, as shown by dotted lines in2fligure 12, by using a shape
detector 1280 that perforns shape detection on the basis of the reproduced
bl ock, and controlling the frame nmenory units 1140 and 1240 according to
the result of shape detection which is output fromthe shape detector 1280.
In this case, the control of the frane nenory units according to the result
of shape et exizonf B Kdeptixedls,t antheacbnblotkodft B & rrame ierim y unit 309
by the controller 320 according to the first enbodi nent. Further, the

resul t ofsshppetatbttertdh drsd ap@Entedatd cn .varihablprEngrnigekd epeddécie@tOis
which is described later, and transmtted together with coded data of the
texture ssuppctesdl tderashisghe esilgamgith Eactimgr., tlre decmglengr edhet cweedodang
apparatus 1000 includes a variabl e-1ength encoder 1010. The vari abl e-1ength
encoder 18Xt jpeyd dyye hearvaahladlleetiging thio dionid naf ikheubddeded exd uver saghat
output fromthe texture encoder 1100 and the coded shape signal and the
resul t ofletfippe dieietiniggn.anshittle apenaltzedt chedfficiditt betshapd epcorler
1200, and multiplexes these signals to be output. In figure 12, reference
nunmer al kN danstlemgth idduddidg- 1APBuBG@2tkar Bbnahvéese t feah €xt &t Posi gl |,
1002 denotes an input termnal for the shape signal, and 1003 denotes an
oq?)ut_ t artdi®e 0O, htictelgd rdatradubidgSehepin@gel S gexeD Ohet DRage #2
operation. Wien a texture signal (lum nance/color-difference signals) and a
shape si gna)2)aries isupledted ke iimeee-ErafeChbiriaieedi80ca@Pag by SrdfdPxi ddhe
texture signal and the shape signal are divided into nacrobl ocks (units

subj ect ed d @ neodidpHoditddhamalyeckitng2gniyts 1110 and 1210 included in the
coding units 1100 and 1200, respectively, and prediction coding is carried

out for each nmagreRloCKirdd dMcodBdnl £ o GRIbICRA RAteRihgli@0s tB@ion
subtracter 1160 calculates a difference between an object block and a

predi cti ortil@gln aend] hlpletnansbar BBobRi Badihf CfdCond 01 & tDError
coefficient, and the quantizer 1122 quantizes the coefficient to

gener at e & uahle 289 e@QeEflio%ikeBhrra‘lglgUEB‘ihé egr60eiidsi £Nlad e HED Wrom
toward the vari abl e-1 ength encoder 1010. The inverse quantizer 1131

i nver sel y pauanfigees 1t heoayant iczed heoghkiici ent the epetetE RoPJn from the
coefficient, and the IDCT 1130 transforns the DCT coefficient to an

expanded Jplieek SALLRSRERA-AILhE FB@dQQE?@ﬁ_QlQ@K, byn ao i 9688 H1¥diction
transform ng frequency region data to spatial region data. Further, the
adder block is obtained by motion compensation of the object block from
{:) the reproduced image #1 (201). Next, a difference between the
object block and the corresponding prediction block is obtained,
and the difference is subjected to DCT. The DCT coefficient is
quantized, and the quantized output is transmitted or stored
together with the motion information. The reproduced image #1
(201) serves as a reference image for the image #2 (202). This
prediction is called "forward prediction”. In decoding, the
prediction block is added to the difference which has been

subjected to inverse quantization and inverse DCT, thereby

reproducing the image.



~ ASR Zo0Z 42 1170 adds the expanded bl ock and the prediction block to
generate a reproduced bl ock. The reproduced block is stored in the €rankPR 2002
menory unit 1140. At this time, the prediction i mage generator 1150
generates a prediction block corresponding to the object block, fromthe

i mges stored in the frame nenory unit 1140, by notion conpensation on the
basis of notion information detected by &2prescribed notion detection

met hod. Further, the prediction inage generator 1150 decides, as a
reference image, a single reproduced i nage which has been recently
reproduced and includes significant inmage data to be referred to, fromthe
reproduced i nages stored in the frame nenory unit 1140. When the apparat us
is provided wi £h thisesnapaeget 8Beoimaggo#3t 0Hecind dihafindge rif erdie

i mge can be perfornmed by controlling the frame menory unit 1140 according
to the ouwtgsutsUlrimatiede toharediattdsteocotiisg, using, refitvenaei thaghet skownhe
size of the reproduced inmage to be referred to is zero or not. In parallel
wi th the lpr cdessinrpwsf. t Hel keexthe elnagssdeit 206, ,i #i8t He08hapede#d0deéR210200,
predictive coding of the shape signal is carried out in simlar manner to

t he abovemesicrtioed marye thec tiave ieddiong diromhe pextiwes sigage . bdbadnes, an

di fference between the object block and the prediction block is obtained by
t he subt raaiterast?264 thantet Hosxwdirkf ereddéetisngotitkle byha trsheag #®t h2dssuch
as quarter tree or chain coding in the shape encoder 1220, and the coding
result i g7ouort) tedakd t(Re9yar pzlekdckengt hagnsedesr ADdD. okturbereféheing
coded shape signal fromthe shape i 2 4 APR 2002 43 encoder 1220 is

eyt or ed oy at Haxtsirepemdgeoder b223dspaagethaftest tlie o) ek highd he This

predi ction block are added by the adder 1270 to generate a reproduced

bl ock. Theengptaduced bhotkd Obhplvatdoprébecedisier. 127Ren sbstRredei n t he
frame nmenory unit 1240. In the prediction image generator 1250, a

predi cti g rila@ek peeHiespondand thet BackbhestpPd@ikeidn ;ardeseratad Juom t he
shape information stored in the frame nenory unit 1240, by notion

conpensatha’ hased108dmebianreBtbABLI pRedet€Lded. byTiRe P £&LFEHELoNDL i ON
detection nethod. Further, in the prediction i nage generator 1250, a single

repr oducegelie@eonhhel bagebenBdessenbliar@psshicad AN aGnddie) Witskward
significant inmage data to be referred to is decided as a reference inmage,

from t hepi-eghediueadmbaBgesnstepelat Noh hBods afdy: MRIMINEIHY tthe?4d ik d he
basis of the imge size obtained fromthe output of the blocking unit 1210.

When thepzppacatbs badPtRYi Badkwatl phedsdeisn detector 1280, the deci sion
of the reference inmage can be perforned by controlling the frame nenory

unit 1240 accorihiudg toB)hesHidPund ramnshe sshapeodatect 9r e 128dechbd€n _
i nformati on whether the size of the reproduced inmage to be referred ?o i's

zero or BeHer| NokhtReCaf8gethgreapeeduces MAeK iirs ditpie tyd)he shape
detector 1280 wherein shape detection is carried out.” For exanple, assum ng

f\‘?t the shaperrsd ghdlgd $12 @3N i sSiigNalia1Menetb8EQ hAdOREYrBhackqdat a

bdt ween white data and bl ack data as shape data, no reproduced data exists.

At this RbRBrriAgr €0l Bh80rLEXbMEEed image #1, the image #2 (212) is
decoded. With respect to the bidirectional prediction image like
the image #5 (216), the reference images used for the prediction
have to be decoded and reproduced before the prediction image.
Therefore, the image #6 (215) is decoded before the image #5
(216). Likewise, the image #8 (217) and the image #10 (219) are
transmitted, decoded and reproduced before the image #7 (218) and

the image #9 (220), respectively.

When transmitting a variable-size image, the size of the



Z 4 APR 2002 44 signal corresponding to the shape signal of this b;f%kAPhnZNR
this case, as described above, a flag showi ng "no coded data" or data
showi ng "image size is zero" is output fromthe shape detector 1280 toward
the frame nenory units 1140 and 1240 and the vari abl e-1ength encoder 1010.
Tn the frame nenory units 1140 and 1240, according to the output fromthe
shape detector 1280, control is carried Ut in sinmlar manner to the
control of the frame nenory unit 309 by the controller 320 according to the
first enbodi ment. As described above, according to the seventh enbodi nent
of the present invention, in the coding unit 1100 (1200), a single
reproduced signal which has been recentlg_re roduced and includes
si gni fi cARagenByetdaeatEanpBiEEPEr r edt BRES gbéii*éle%m%d@?ré‘?er@melmMe
fromthe reproduced i mages stored in the frame menory unit 1140 (1210)
accordi ngiee iRedeaagibsfzatobhai headfebriie- qanebdagha off thise iplagski rgd
unit 1110 (1210). Therefore, when plural objects constituting an inmage are
subj ect edtheoheshpeetal vendodealaad $izessin tafl oy egte phooty dut 20 iits
avoi ded that a vari abl e-si ze i mage which has al ready di sappeared is used as
a refereasgehi nagaghioe pr ebpwsi vededdingge wiatab(VRpmapmiditrey preditcits ve
codi ng that can suppress the residual signal (difference signal) is carried
out. Furfhest éeheodiuent datdndobhai cededydatre inmAgelgsr ddiec more onodiengor,
apparatus according to this seventh enbodi mrent can be decoded correctly by
t he | mageher @daxt i vat tew odidigh apad athes T arcdififg cientthe iseadad teplbodonent .
45 2 4 APR 2002 Further, when the apparatus includes the shape detector
1730, thehdekosipontdhbtded werefeakneizdardye aoal Vesponding to the input
obj’ect bl ock exists or not is perfornmed by detecting the shape of the
reproduced bl oelktof at bHesslrdpe isingial givant b8 shaperedtktiprnidad?00. When
the reproduced bl ock has no shape, in the texture encoder and the shape
encoder , gangradi at iprodd s kin st lyenensdee presiing ixer eprodiagdmbkhck whi ch has
been recently reproduced and has a shape, instead of the reproduced bl ock
correspoactagding the iy efirdt cabodinenaf.ore, when plural objects
constituting an image are subjected to conpressive coding and transmtted
obj ect by obj gt porideri $ocayendedtehat paedatt bbh eimdge, | Trge AN Eh tras
al ready di sappeared is used as a reference image for predictive coding,
wher eby apps opf i@ grreadiaid e fndime iimag@r iisednput. (Aksp 1021 hi snease,
the coded data obtained by the inage predictive coding apparatus accordi ng
to this sevem eibadideidr ae bei Aecadedecoereekh¥ebymbhbe isngerpredi ctive
decodi ng apparatus according to the second enbodinent. That is, in the
i mage presit ctd i dexndi ng apparatus, the data anal yzer 302 controls the
frame menory unit 309 on the basis of the output fromthe shape detector
1280. Theref org, thhedeeodedgdatrde@bsnowmedi HYf 0hjCt2 ) 00 adrayeeLt i ve
coding is decoded, it is avoided that a variabl e-size i nage whi ch has

eady fhsppRearat iskidaed msroxrd efeliange baRgg LAT oBfedt CHE Ve 866064 Ny,

ereby appropriate predictive decoding is carried out. In this seventh
embodi meptn ddweiis! o6t idpy Mt I Jrmegucedhat2i4, APRe200246ntLaRYRaGE 2
reference image by the prediction image generator 1150 (1250) or the
control ©f 4 hedt aRaMmM) Fraptiddubb40 inidd0inacker giaqi titdedeesdl g of
shape detection is carried out in the sane nmanner as the selection of the
reproduGRt HdREF ahid rafeyeneg®dddmeatly e pkafpbthi Olni FRgErgePep ] Oh
| 150 (1250) or the control of the frame nenory unit 309 by the controller
320 accorgbidyerde tihddld rfdr @HeodinR@t #4r gspect ivetye Heygvess thespresent
invention is not restricted thereto. For exanple, when there is no i mage
data to fedwrher red i den iR Rl 8yl B8 kect DEnoD) §etdiE@I®n @annot
predi ction i mage having a prescribed val ue may be generated as descri bed
for the gdiysderedigrRrti ctiRd, Niss ¢aae. tAssaink§BOCaRAEHIKd | ¥ e decading
apparatus corresponding to the inmage predictive coding apparatus, an

appar at Ugnddtat PRI B d Nerd Maganyiedi 6l inke-deredi NHafE0BE8Sthe image
#8 (217) is the image #6 (215).

When it is decided in step 103 that the size of the



according to the third enbodi ment is enpl oyed. Further, the predictign
according to this seventh embodi ment nay be bidirectional predictidn aAPR 2002
described for the fifth enbodinent. In this case, as an i mage predictive
decodi ng apparatus corresponding to the inmage predictive codi ng appar at us,

an apparatus that perforns the inmage prﬁgictive decodi ng process according
to the fifth enbodi nent is enployed. [Enbodinent 8] Figure 13 is a bl ock
diagramillustrating an i nage predictive codi ng apparatus 1000a accordi ng

to an ei ghth enbodi nent of the present invention. The codi ng appar at us

1000a 2 4 APR 20D2 i 47? conprises a texture coding unit 1100a that

perforns _predictive coding xtyre_ sigpa risi.ng a | um nance

si gnal aﬁ%fg o Srmaﬁgf%Feﬁgg g?%ﬁalg£gﬂdiggsﬁ%ggg@%di it #200a t hat

per forns grg Etive.codin? of a Shﬁ & si?nal. The %exture coding unit 1100a
'S diff oPBROLFF oM MESE8xPar BoRBAR REC AP EPG 100° aRRETERRT (049 s GVt
enbodi nent . 0 in that a,swtc 190 is, connected between the input

Cor i nal SEBBY HABS hERBRoLki g HRFECTadOLt Rl ch L (O Lo Rlpihces)
t he textur$ signal ,to either of the bl @&i{ﬁhunit 1110 and the gr.ound,
accor di nG®t6*§8 Eﬁnﬁ?ﬁges?ﬁné??oThﬁtgﬁaﬁ chat Y Smithersida § £ rehcdian
fromthe, shape,coding unit 1200 according_to the seventh enbodi nent only in
that it dBBESndP gﬁE?EﬂEe?h%s§%%peaﬂe?eE%%ﬁrﬁﬁﬁﬁxlgﬁﬂfai%ﬂﬁqgﬁﬁtﬂzgo is
connected between the input termnal 1002 and the blocking unit 1210, which
switch cHbRREEHUCE upPRIRsYE tHRl ShaPe?&i thdlot # it herThE Ware ofl slaGan;ing t
1210 and the ground, according to a control signal. The inmage predictive
({(?i ng apphPaelElyoDRRI P EPEr N3G Ufe v hil @haiz el dise dro6r 28020 WitRadt beecei ves
t he shape signal and outputs the result of shape detection toward the

swi t chesd@sopikhed hovoinaftqe toMT of 1®i%mhad (PMhen it is detected by the
shape detector 1020 that the input shape signal has no shape, the switch
1190 (1290) cdanddes cese Péxoereratgndl a( pragecsignainage ehethg oumage
Conversely, when the input shape signal has a shape, the switch 1190 (1290)
connect S#Xhézl‘é)(t vrle k% grguniehdgtsitdfaloize 24 tARRimQEOR 48 t{8lBhejust

bl ocking unit 1110 (1210). The result of shape detection is subjected to ~
vari abl eP¢ &g htled dimag eyt 4 he2 Mar ilgblzenenging éheoddrzel0f0theogmaer #Ri t h

the coded data fromthe coding units
is not zero. 1In this case, a prediction image of the image #4

.
di
1f
nl

(214) is generated by referring to the image #2 (212). Likewise,
in the case of generating a prediction image of the image #6
(215), assuming that the sizes of the images #3 (213) and #4
{:) (214) are zero, the prediction image is generated by referring to

the image #2 (212). This first embodiment employs block by block
motion compensation as a method for generating a prediction image,
like MPEG1.

Figure 3 is a block diagram illustrating an image
predictive decoding apparatus 300 according to the first
embodiment of the invention.

The image predictive decoding apparatus 300 receives image
data obtained by compressively coding a variable-size image by a

prescribed method, and performs predictive decoding of the image



1100a and 1200a. A description is now given of the operation of theiqﬁ%ga
Ppredictive codi ng apparatus 1000a according to this eighth I'"") enb%d ZmU
The, operation of the apparatus 1000a is identical to the operation already
described for the seventh enbodi ment except that the switches 1190 and 1290
are controlled by the shape detector 102%. To be specific, when the texture
signal and the shape signal are input, t @ shape detector 1020 detects
whet her the input shape signal has a shape or not. \Wen the shape signal
does not have a shape, the switches 1190 and 1290 are controlled by the
output fromthe shape detector 1020 so that the texture 'y signal and the
shape sigaal are supplied to the ground. That is, at this tinme, the texture
signal an atde shape signal are not subjected to predictive coding, and the
result of shape_ detection by the shape detector 1020 is supplied to the
vari abl e- | engt F1'énd8@8e PEESLCEIVEnESGPAEPINARBAT HheHh fqoi%PQkH%ﬁﬁe§1Q4ﬁﬁ
the i nput shape signal has a shape,_ the switches 1190 and 1290 are
control | ed®dYYEHE P F9eRRehe’ Chapdidre@dsien) 396, andet Heteernalyzer
signal and the shape signal are input. to the blocking units 1110 and 1210,
respecti véPy, 2pmbr e B sermpEiEt et cdsidedimaget gatay . apdqopprupgoshag
predi ctive coding. The result of shape detection by the shape detector 1020
is suppliq%ﬁ@%ﬂ%@ﬁ%QQuW¥QﬂQ%4Q#mﬁhﬁ(ﬁaﬂxﬁﬂefﬁGPG?nﬁoééthéﬁ wing Bhé.otihput s
fromthe coding units 1100a and 1200a. As described above, according to the
ei ght h enhotieknte@fon Heo prles ehitng Bidnt iagd thise impggespeedtet the todeng2l.
appar atus includes the shape detector 1020 that detects whether the input
s@pe si ghe dreerdeshidpe ranmiormghdine ifempirgseedi gharkhdsta $hapereshed
texture signal and the shape signal are subjected to predictive coding, and
when t he sheape) sfmlthivetrtrotanswzesr S92pé&o eheexpanded sigokl bundatae
shape signal are not subjected to predictive coding. Therefore, when plural
obj ect s cemangian .ng Bre i addpr a0 Adyjwedthed axpanciedr bdsckeanddthg and
transmtted object by object, it is avoided that a variabl e-si ze i mage
whi ch hasprddigatiordilslappe dre @arsenaded aageprodiieednbéocknage for predictive
codi ng, whereby appropriate predictive coding that can suppress the )
resi dual signaFuftthéter eheeimagaapredsctive i debaiiing Rppahrertussii®de t he
result of shape detection by the shape detector 1020 is coded and
transm t tiath lwates reade goree diemtarye ugecodi0fgaadpar preditchiadn r eagey egetdator
result of shape detection can appropriately perform prediction decodi ng of
a vari abl3G&i zeTherafyzrd atenmasy alrida®p dissappeated, raprodutaée besakt offhe
shape detection as a synchronous signal. That is, while the variabl esi ze
i mge di sappbartsion dpageudan@ragiorc3dédgdataatesr es padditegs t Hot lcscesBgey i S
st opped.

the frame memory unit 309 on the basis of the motion vector and

{:) obtains, as a prediction block, a block corresponding to the
address from the image stored in the frame memory unit 309. In
this first embodiment, the prediction image generator 310 decides,
as a reference image, a single reproduced image which has been
recently reproduced and includes significant image data to be
referred to, on the basis of the image size from the data
analyzer 302. The decision of a reference image may be carried
out, as shown by dotted lines in figure 3, by using a controller
320 that controls the frame memory unit 309 according to the

image size from the data analyzer 302. That is, the frame memory



r 50 2 4 APR 2002 Furthernore, when a programfor inplenenting the image
‘predi ctive decodi ng nethod (apparatus) or the inmage predictive codizn§ APR 2002
met,hod (apparatus) according to any of the aforementioned enbodi ments of
the invention is recorded in a storage nedium such as a floppy disk, the

‘i mage processing according to the enbodi nent can be executed easily in an

i ndependent conputer system E Figures l%ﬁa)-14(c) are di agrans for
expl ai ning the case where the image predictive decodi ng process or the

i mge predictive coding process according to any of the aforenentioned
enbodi ments i s executed by a conmputer systemusing a floppy disk which
contains a program corresponding to the process. Figure 14(a) shows a front
vi ew of &nﬂﬁoﬁgﬁ dﬁsEOPDFO&l€P0g¥-§€6tFSHEFO%}%R/@%@r%%f?seﬁﬁi%F#?%%p? di sk
body D as a storage nedium Figure 14(b) shows an exanple of a physical f~
f or mat i osioplehgeprogpgedi gmagédyhachTh'eSfb%%rbyrw%rktbbdgﬁm%u%%tw%ed in
a case FC. On the surface of the disk body D, a plurality of tracks Tr are
formed céncéndeiscalibpificanthémageedatfrtanper wad tHe. di sk toward the

i nner circunference. Each track is divided into 16 sectors in the angul ar
direction. Thethd atesoder tHE feuppid s larbddy ebseoauantiiagrt R€4 that
abovenenti oned program data of the program are recorded on assigned

regi ons ahvehleeflyogpgntigksbobly DomPrgssed llegk shoar thee datraianaley Fen
recordi ng/ reproduci ng the programin/fromthe floppy disk FD, wherein Cs is
a conput 802, anB8la 4nnPRs2002ssystencaningDDranskofiappihadsinaftiar. Wen
the programis recorded in the floppy disk FD, data of the program are

it t en irefeheeti] oppasdiBETFD30bohhabhepenipnerinyestssmICGT t hr ough t he
fl-0ppy di sk drive FDD. When the above-nentioned i mage predictive decodi ng
process @gerahheformgeipnedfcai Yeequenny pegibesssignalonst rauctpedt lial tdegyion
conputer system Cs fromthe programin the floppy disk FD, the programis
read froeighelfl oppyhdi sktphtbyrometiié oppyerBes kquarithiesDBE@ENd transmtt ed
to the conputer system Cs. Although in the above description enphasis has
been pl aced , mirthddgt acsfarage mediamalcodai ahdg387pdegignaterapeifhputri ng
an i mage predictive decodi ng process or an inmge predictive codi ng process
accordi ngetninay ahdtbe atopetentiroiwsl enodiereintasgye préatiatdiver ageoudhigum
cont ai ni ng coded i mage data according to any of the aforenentioned

enbodi meappaikatabks®o@i thin the scope of the invention.

A description is given of the operation of the image
predictive decoding apparatus shown in figure 3.

First of all, image data (coded data) obtained by

{:) compressively coding a variable-size image in a prescribed method

is input to the input terminal 301. 1In this first embodiment,
compressive coding is carried out using motion compensation DCT
as in MPEGl, so that the coded data includes the motion vector,
quantization width, DCT coefficient, and data of image size.

Next, in the data analyzer 302, the compressively coded
image data is analyzed, and the quantization width and the DCT
coefficient are transmitted, as compressed block data, through
the line 312 to the decoder 303. Further, the motion vector

analyzed in the data analyzer 302 is transmitted through the line



L4 . . . .
Furthernore, although in the above description enphasis has been p;fgeg g 02
1 mage processing by a conputer systemusing a floppy disk as a dat t P 3@
medi um simlar inmage processing can be carried out using other storage
nedia, such as an 1C card and a ROM cassette, as |long as the program of the
i mge processing can be recorded in the nedia. i 2 4 APR 2002 5Z THE
CLAIMS: 1. An image predictive decodi ng &®thod in which i nege data obt ai ned
by conpressively coding a variabl e-size imge using a prescribed nmethod is
input, a prediction imge is generated using, as a reference inage, at
| east one reproduced i mage whi ch has been reproduced before an i mage bei ng
an obj ect of decoding, and the object inmage is subjected to predictive
decodi ng318af8 pPedPERHORTLIARGEMBEF ngeRRRr A etl Usi nbd kel s r efltg ehitage
i mge, at |east one reproduced i mage whi ch has been recently reproduced and
i ncl udessszgnpnrpérned| hdgkheafatr? bl Ye9erIQA 1%t naTew b ash dh daushe téfe
sai d conpressively coded i mage_data has a flag that shows whether or not a
frame predkeud2iotanthejeentfehher bd2tg an object of decoding incl udes
significant image data to be referred to. 2. An inmge predictive decodi ng
met hod i n whi dn ithegadagode o038, nddiebgooprprsesdi hébgkcddtag a.€ari abl e-si ze
i mage using a prescribed nethod is input, a prediction imge is generated
usi ng, asompreseednobocknedpes expandsd mne heepmottussed duamdgd 2ehr S dhamdbeen
reproduced before an inmage being an object of decoding, and the object
i mage i stiebjirecerset BCPHr eries fvengieciih nghesahy weedirettiiony amagepheded
generated using, as a reference inmge, at |east one reproduced i mage which
h\’? beenblecknly. r epoodacepeanfii¢ ncthelebnwd mpe fqueartti zermngd ddnwetra dig
referred to; 1 2 4 APR 2002

quantizes the compressed block, and the inverse DCT transformer

305 transforms the frequency area signal to the spatial area
signal, thereby generating the expanded block 314. In the
prediction image generator 310, according to the motion vector
transmitted through the line 318, an address 321 for accessing
the frame memory unit 309 is generated, and this address 321 is
input to the frame memory unit 309. Then, a prediction block 317
is generated from images stored in the frame memory unit 309.

(:) The prediction block 317 (319) and the expanded block 314 are
input to the adder 306, wherein these blocks 319 and 314 are
added, thereby generating a reproduced block 315. The reproduced
block 315 is output from the output terminal 307 and,
simultaneously, it is transmitted through the line 316 and stored
in the frame memory unit 309. When intra-~frame decoding is
carried out, the sample values of the prediction block are all
zero.

The operation of the prediction image generator 310 is

identical to that already described with respect to the flowchart



&
53 wherein when said reproduced i mage used as a reference i mge has zo 2002
Significant coded data to be referred to) an i nage having a prescri% dAPR
value as its inmage data is used as said prediction imge; and wherein each
frahe of said conpressively coded i mage data has a flag that shows whet her
or not a frane previous to an object frag& bei ng an object of decoding

i ncludes significant inage data to be ref‘erred to. 3. An inage predictive
decodi ng method in which i mage data obtai ned by conpressively coding a
vari abl e-si ze i mage using a prescribed nethod is input, a prediction inmge
is generated using a reference imge, and an i mage bei ng an object of
decodi ng i ubjected to predictjve decodi ng;, sai d prediction image being
gener at edogs’fsh‘bl,‘r%sl sai rElh%)E-f £7 entl®i vhER, oﬁ?tl}eearse[fe%ﬁéuc& RGeS &5 ddrddd
signal s which have been recently reproduced, which opne has significant

i mage dat® t T eLFETHRD t%ea%%&%f%r%% Filan@nsr thsi geéerpressiapy is
coded i mage data has two flags that, show whet her or not prescribed two
franes prégﬁ%ﬁﬁgt¥ﬁeﬁh%ﬂﬂ%ﬁﬁlQW%ﬁﬁa%RQQﬁ;9%¥Qﬂﬁt€6t3ép-de§88iﬁ@cﬂﬁépﬁd@f
significant inmage data to be referred to. 4. An_inmage predictive decodi ng
appar at ustrdnptfarsnge iiWage MBhPLe CafFIE ivdglYdsPRtEBLALREdtRe frame
conpressively coding a variable-size inmage using a prescribed nethod is
appl i ed; RERREY WHA A awmqsqﬁi%mpzééll%ar@aitﬁﬂ@ewaat:aeanah@uﬁpa@sof hehe

i mage size and the inmage transformcoefficient; i 2 4 APR 2002 54 a
decoder g fdrenaes gmage He izfdge A Avshorhichefinforvation 4p expasditted
difference image using a prescribed nethod; a frame nenory that contains a
r €py oducethiangie;the moadiratliler i32dgangetdieatldnet B4R . generates a prediction
i mAge using, as a reference inage, the reproduced inage stored in the frane
menory; and Figure 4 is a block diagram illustrating a frame memory

bank 406 as an example of the frame memory unit 309 in the image
predictive decoding apparatus 300 according to the first
embodiment. The frame memory bank 406 includes three frame
memories 401~403. The reproduced image is stored in one of the
frame memories 401~403. When generating a prediction image,
these frame memories 401~403 are accessed.

In this first embodiment, the frame memory bank 406 has

{:) switches 404 and 405. The switch 405 is to select a frame memory

for storing the reproduced image which is input through the line
408 (corresponding to the line 316 in figure 3), from the frame
memories 401~403. The switch 405 selects the frame memories
401~403 one by one, controlled by the controller 320, i.e.,
according to the control signal 322. That is, after the first
reproduced image is stored in the frame memory 401, the second
reproduced image is stored in the frame memory 402. After the
third reproduced image is stored in the frame memory 403, the

switch 405 selects the frame memory 401. The switch 404 is



an adder that generates a reproduced i mage by adding the r~ expanded
differences image and the prediction i mage, and outputs the reprodugéddAPR 2002
i mage and, simultaneously, stores the reproduced inmage into the frane
menory; 'wherein said prediction image generator exam nes whether or not the
reproduced i mage i ncludes significant inmage data to be referred to, and
generates a prediction image using, as £2%eference inage, at |east one
reproduced i mage whi ch has been recently reproduced and incl udes
significant image data. 5. An inmage predictive decodi ng appar at us
conprising: input means to which i nage data obtained by conpressively
coding a variabl e-size image using a prescribed nethod is applied; a data
anal yzer CRAPeRtafdaryresahhehe nhg@edéQg, (eovr SIRAAING He ity d isiez S lahdrt he
image transform coefficient; a decoder which restores the inmage transform
coef fici éAgure 3ah exphireecpredi ¢t encinzg@grensiatpra Plescrilsa tleitshod; a
frame nmenory that contains a reproduced i nage; 2 4 APR 2002 55 a
predi cti onitahgélgeselatos that I yemermersriepraddi~dilidownembye onsi,ng, as a
reference image, a prescribed reproduced inage stored in the frane nenory
and corr espondi hedtloy t tiee | opnt o hbge; 32hd iare .addecorkahggerertakesoatrol
repr oduced i nage by addi ng the expanded difference i mage and the prediction
i mage, astgoal pB23.t hBowependutkd swhgehimmd <sienlisandaisjed asfoared idheo
reproduced image into the franme nmenory; wherein said prediction inmge
gener at othexante@est wiet hesferwremod ineyqr eskor edhmpdper, oducerugagdhehas
significant inmage data to be referred to, and when the reproduced i nage has
rf(;?si gni $wcach ¢0deiks dat bd ccdreneefed red tthe, faamenageokgvidng dopr escri bed
value as its image data is used as said prediction inage. 6. An inage
pr edi ct i yeneleoiibm g B pp s rddis: Eomorihaye: tazcolrdimg4 tor thkagiven vhaeein each
frame of said conpressively coded i nage data has

when the image size of the frame memory 402 is zero, the

controller 320 controls the switch 404 so as to select the
previous frame memory 401 (on the premise that the image size of
the frame memory 401 is not zero). In this way, a prediction

image can be generated from a reference image of which size is

not zero. The switch 404 may be connected to plural frame
memories at the same time. Further, in a unit where each frame
i:) memory is reset at every reproduction of a single image, a

recently reproduced image of which size is not zero can be left
in the frame memory by controlling the unit with the controller
320 so that the frame memory is not reset when the size of the
reproduced image is zero. In other words, it is possible to
prevent the frame memory from being updated.

While in this first embodiment the block by block motion
compensation DCT method is described, the present invention is
applicable to other prediction methods using, for example, global

motion compensation or arbitrary lattice-shaped block motion



a flag t hat shows whether or not a franme previous to an object frage 9@%?%
‘an obj ect of decoding includes significant imge data to be referr d#t i ﬂUZ
An_ i mage predictive decodi ng apparatus conprising: input nmeans to which

i mage data obtained by conpressively coding a variabl e-size inmage using a
prescri bed method is applied; a data angh¥zer whi ch anal yzes the imge data
and outputs the inage size and the i mg ransform coefficient; a decoder

whi ch restores the imge transformcoefficient to an expanded difference

i mge using a prescribed nethod, 2 4 APR ~DD2 56 a franme nmenory that
contains a reproduced i nage; a prediction inage generator that generates a

predi ction i mage using the reprod d i e stored,in the frane nmenory as a
r ef er encE°TREGR2LLAT- an &HBE?Et hﬁ?%@ﬂ%@?%st%l? e&’b%‘ijceé%‘?‘#d‘beé“tbf addi ng

t he expanded, difference i page and predjiction imge, and outputs the
reproduc@He¢hﬁ5é°%nHTa%?nh?t%%%%ﬁ%$§$ %?é%‘?ﬂ%£¥%dﬁ§ﬁﬁ 9 ge- into

the frame nenory; wherein said prediction i mage generatqr generates said
predicti6ﬁth%%ea%s?nﬁ?f%§e@ﬁﬁcﬁ%@ﬂ%ﬂeﬁﬂﬁaQFﬁﬁﬁﬂtzﬂangiépnoﬁé SAMGGrLly
reproduced signals which have been recently reproduced, which one has

si gni fi capPlidalgke dee ath® BRS9 fRRTR P tRECBLCAPT HEfd Spriddidehievé teee ddicry
apparatus according to claim7, wherein each frame of said conpressively
coded i neheraht seferenre® FN3ERSt hat show whether or not prescribed two
frames previous to an object frane being an object of decoding include
signi ficant i Asgdegardbed Bbover epce@redngotoarhe nhiyes prempredinentoelf ng
method in which a variable-size image is input, a prediction inmage is
g’:)er at etheisimyentison, rdiersme ¢hreporeildusdie ferencepivageedhighgé swhi ch
haS been reproduced before an i nage being an object of coding, said object
i mage i simput raetihe fappasaius is detected and, when the size of the

reference image is not zero, a prediction image is generated
using the reference image. On the other hand, when the size of
the previous reference image is zero, a prediction image is
generated using a recently reproduced image of which size is not
zero. Therefore, when plural objects constituting an image are
subjected to compressive coding and transmitted object by object
to increase the compression efficiency, it is avoided that a

{:) variable-size image which has already disappeared is used as a
reference image for predictive decoding or coding, resulting in
appropriate predictive decoding or coding capable of suppressing
the residual signal (difference signal). Further, the coded data
obtained by the image predictive coding apparatus according to
this seventh embodiment can be decoded correctly by the image
predictive decoding apparatus according to the second embodiment.
[Embodiment 2]

In the first embodiment of the invention, it is detected

whether the size of the reference image is zero or not, and the



prediction imge, and a difference between these inmages is conpressj) elyyR 2002
‘coded by a prescribed nethod, ' ~ 2 4 APR 2002. 5~ said prediction imge
bei.ng generated using, as a reference inmage, at |east one reproduced i mage
Whi‘ch hds been recently reproduced and includes significant inmage data to
be referred to; wherein each franme of said conpressively coded i nage data
has a flag that shows whether or not a f}hnme previous to an object frane
bei ng an object of decoding includes significant image data to be referred
to. .~ 10. An inmmge predictive coding nethod in which a variabl e-size i mge
is input, a prediction inmage is generated using, as a reference imge, a
prescribed reproduced i mage which has been reproduced before an i mage being
an obj ectedrrepgendmagsi dSoBpedtefnigendstae e Ere R vk B Lt edi cti on
image, and a difference between these inmages is conpressively coded by a
prescri bEgwaEenodvheheEBEnfagheAh3khi Ghe ephradRiceire ey ezeisedi aisshewrefef ence

i mge has no significant imge data to be referred to, an i mage having a
prescri bedovheye indekt $ei gmgecdatrhirsfigedihs str pF ezictiorraniwiged At  An
i mage predictive coding nethod in which a variable-size image is input, a
predi cti opaihgagbibsigdasr at 0 Gbisgsacrafieenhedinemyerf apheblmeent haye
bei ng an object of coding is subtracted fromsaid prediction imge, and a
di ff erengenbetteen bhesepredyesivs twape ebsi vl tralodet Usiray mEuesc ik .

nmet hod; said prediction i mage bei ng generated using, as said reference

i mage, at | easthane sf inwvd hieprsedieeed emipeglésienti, chshabolireninr Etentéy9,
reproduced and includes significant imge data to be referred to; 24
5!5} 200Zcsdedhdaeanofagh objeet ofmsge dimohples A weledaded agrayeshdatimghas

that the image size is zero, i.e., the corresponding reference
image is completely transparent and has no coded data, and this
flag F is placed before the horizontal and vertical sizes Hm and
Vm showing the image size. When the image size is zero, the flag
F is "0". 1In this second embodiment, generation of a prediction
image is controlled using the flag F.

Hereinafter, a description is given of a prediction image
generation process in the image predictive decoding method

C:) according to the second embodiment, using the flowchart of figure
8.

To generate a prediction image, initially, a previous
reference image is input in step 802, and it is examined in step
803 whether the flag F of the reference image is "1" or not.

When it is decided in step 803 that the flag F of the reference
image is "1", the size of this reference image is not zero,
namely, the reference image is not completely transparent and has
coded data. So, in step 804, a prediction image is generated

using the previous reference image.



two flags that show whether or not prescribed two frames previous tgéin
obj ect frane being an object of decoding include significant inmge taAPB 2002
be.referred to. 12. An inmage predictive coding apparatus conprising: input
yeans to which data of a variable-size image is input, which data is

divided into units subjected to coding; a subtracter that obtains a

di fference i mage between an object inage3Being an object of coding and a

predi ction i mage corresponding to the object image; a conpressive encoder

that converts the difference inage to conpressed data by a prescribed
conpressi ve coding process; a variable-length encoder that perforns

vari abl e-1ength coding of the conpressed data and outputs coded data; an

expansi ve decolBent kit 1eedlesigedt ke E5RBr B3 etihafat Bhe of aw ek pahdeie

difference i mage by a prescribeq'qypansive decodi ng process; a franme nenory
that contegferengepitdifcdd intffge'l'a pited S0Sokoilkaye, geherator at hat
generates a prediction inmage using the reproduced inage stored in the franme
menory asPretiefteranddadeags saneratesddsinghagsgansefessnger éproducad i mage
by adding the expanded difference i mage and the prediction inmge, and
out put s tiecerdpnbdigebdunase imade sifnwhigheddsbyF isonet tAE.reproduced
image into the frame nenory; 2 4 APR 2002 59 wherein said prediction
i mge gener at oAsedastnébedhabbee, oacoordime teprivd s ridregddthisient of
significant inmage data to be referred to, and generates said prediction
i mage usitipe iasremtriemgr ethed iplagel abjleesst constitpt dolgcan image ahéch has
been recently reproduced and includes significant inmage data. 13. An inage
T Ydi cti eaulgjeditregl appacatpre sedver icoidigy engut rapsmst ted wibiéctaby abject,
vari abl e-size inmage is input, which data is divided into units subjected to
coding; it is avoided that a variable-size image which has already
disappeared is used as a reference image, resulting in
appropriate predictive decoding or coding capable of suppressing
the residual signal (difference signal). 1In addition, the coded
data of the object image has, at its head, a flag showing whether
or not the previously reproduced image has significant coded data
to be referred to, and the reference image is decided by
detecting this flag. So, the operation of deciding the reference
;:) image is facilitated.
[Embodiment 3]
Figure 5 is a flowchart of a prediction image generation
process in an image predictive decoding method according to a
third embodiment of the present invention. The prediction image
generation process according to this third embodiment is
fundamentally identical to that according to the first embodiment
except that step 505 in figure 5 takes the place of step 105 in

figure 1. 1In step 505, when the reference image is zero or when

the reference image is completely transparent (or when the flag F



a subtracter that obtains a difference i mage between an object inmagg heAPR 2002
an object of coding and a prediction i mage corresponding to the object

i mpge; a conpressive encoder that converts the difference image to

conpressed data by a prescribed conpressive codi ng process; a

vari abl e-1 ength encoder that perforns varjable-length coding of the
conpressed data and out puts coded data; %% expansi ve decoder that restores
the conpressed data to an expanded difference image by a prescribed

expansi ve decodi ng process; a franme nenory that contains a reproduced

i mge; a prediction imge generator that generates a prediction imge using

the reproduced ijnmage storgeg,.in the frame nmenory as a reference i mage; and
an adder ctﬁzét%egéﬁ@%ﬁésg a%?' pr GdEFEGChagE B?aéadFﬂgw?h%he‘?(p%’ﬁ%%‘arl ed

di fference i nage and the prediction i mage, ,and out puts the 2 4 APR 2002
60 repr odifdet? iHfadSdamedsi hultran@oRLPPickigReimage RAPHRAI R & T FRGEPSHL 0
the frame nmenory; wherein said prediction inmage generator exam nes whet her
or not tHW@lu&r dduGeder&g§s -has significant image data to be referred to
and, when the reproduced image has no significant i nage data, an inmage
havi ng a prescEnbelisatiyerdsempedimenfe ddt 49 fs5s@¢dadhpitedhet Psrdisdden
14. An image p[edictivelcoding agparatus according to clains 12 or r~ claim
13, wher diMadsadis frave of €sai §oEsdébedivminarce $ignpk Haalwhaed e her or
not a frane previous to an object franme being an object of coding includes
si gni f i cavtlarmdgd fggeaceoshenpéf pdud thereast awe | pred cresel todiimen
apparatus conprising: input neans to which data of a variable-size imge is
iMput , wisiogkindat &hies gdiayi Bédcknis anbtsastef efren the doldialy;bedrsulsm act or
that obtains a difference i mage between an object inmage being an object of
codi ng awdjacpr edi codéngi maifbhevodesogondi nghe ogrée bbyectis rmadped to the

block being an object of decoding. The prescribed value
mentioned above may be variable, and this value may be
transmitted from the encoder to the decoder to be used for
generating a prediction image.

As described above, according to the third embodiment of
the invention, when plural objects constituting an image are

subjected to compressive coding and transmitted object by object,

O

it is avoided that a variable-size image which has already
disappeared is used as a reference image, resulting in
appropriate predictive decoding or coding capable of suppressing
the residual signal (difference signal). Further, when the size
of the reference image is zero, i.e., when the reference image is
completely transparent, a prediction image having a prescribed
value is generated. Therefore, in addition to the same effects
as provided by the first embodiment, generation of the prediction
image is facilitated.

[Embodiment 4]



a conpressive encoder that converts the difference image to conpresgeq ARR 2002
by a prescri bed conpressive coding process; a variable-1ength encoder that
per.fornms variabl e-l ength coding of the conpressed data and out puts coded
data; an expensive decoder that restores the conpressed data to an expanded
di fference i mage by a prescribed expan5|ve decodi ng process; a frane nenory
that contains a reproduced i nage; ' 2 84APR 2002 61 a predictive image
generator that generates a prediction i mge using the reproduced i mage
stored in the frame menory as a reference i mage; and an adder t hat
generates a reproduced i mage by adding the expanded difference inmage and
the prediction _inmage, and outputs the reproduced, i mage and, sinultaneously,
stores the repﬁéﬂﬁé@dlpnééealﬁ@SWFHérFrSgean%ﬁ%@&Ct%WRN%W%Q%%SQP?#Q&HQR|on
i mage generator generates said prediction image using, as said reference
i mge, atPTeRes oie AT NG9 dprssHirtd s idasadd nghmekhRdvaceesdinacent py
reproduced, which one has significant image data to be referred to. 16. An
i mage pr eﬁ@@!ﬁfveelmmﬁi‘d: aﬁ;g)a‘?rf@c P ef@idr dinygntaopl ai Mhesprebdécsinneashage
frame of said coded data has two flags that show whether or not prescribed
two framegenprmatious pupces ofjcssirdingmd chéhig frusbheerbodiiment ngsi ncl ude
significant inmage data to be referred to. 17. An inmage predictive coding
appar at usfwuolegmardiaigly iidentim@dnga dhalti @ecoatangf ta vhei abterndi ze i mage i s
i nput, which data is divided into units subjected to coding; a subtracter
t hat obt amsdimkrft ererpd ithede stepnddd Sannolffigotrei bgeakes nghanpbd¢ecef of
coding and a prediction i mage corresponding to the object inage; a
c@‘pressmzteeper&&ﬁdem tfhigureoBver tIn tsieedilfOfiler, embeni hhgefilagcBnpfesked dat a
by”a prescri bed conpreSS|ve codi ng process;

reference image is "0", a prediction image to which a prescribed

value is assigned, i.e., a prediction image having a prescribed
value, is generated. '
According to the fourth embodiment of the invention, when
plural objects constituting an image are subjected to compressive
coding and transmitted object by object, it is avoided that a
variable-size image which has already disappeared is used as a
reference image, resulting in appropriate predictive decoding or
{:) coding capable of suppressing the residual signal (difference
signal). Further, the coded data of the object image has, at its
head, a flag showing whether or not the previously reproduced
image has significant coded data to be referred to, and when it
is detected that this flag is "0", a prediction image having a
prescribed value is generated. Therefore, in addition to the
same effects as provided by the second embodiment, generation of
the prediction image is facilitated.
[Embodiment 5]

Figure 6 is a flowchart of a prediction image generation



2 4 APR 2002 62 a variable-length encoder that perforns variable-legpmhépR 2002
coding of the conpressed data and outputs coded data; an expansive decoder
that restores the conpressed data to an expanded difference i nage by a
prescribed expansive decoding process; a franme nenory that contains a
reproduced i mage; a prediction inmge genggat or that generates a prediction

i mage using the reproduced inage stored In the frame nenory as a reference

i mge; an adder that generates a reproduced i mage by addi ng the expanded
difference inage and the prediction i mage, and outputs the reproduced inage
and, simultaneously, stores the reproduced inmage into the franme nmenory; and

a shape detector that detect t her t repr.oduc i,mage,incl udes

signifi ceﬁ"ﬁocfensasgemdgiré Jtr%a ee%%%%}girér}g‘(y Eﬁ%gro%ﬁg ’mgggpﬁeeﬁgé%%g shape data
showi ng the shape of ,an obj.ect. and Jincluded in the, i abl e ;size inmage
data; whéPst i S e B5S g & GETEFRBO O 802?%2& 5#88%%?%3?&2& d
shape detector and, when the (%£r0q§$§d i mage has nq significant inage
data, saiRf Pret VSIS Ye gfg O Fendr AEESTLRGOPr &§i 8LVER Phagle
using, as a reference inmage, ,at | east one.reproduced i mage whi ch has been
recent| yamaﬁn@ﬁ%&%&é’é‘ HrETErc &Rt Ef‘ﬁaﬁésﬁa‘t’%‘?gﬁ@h% Hatareret age
medi um t hat cont.ai ns a program for 'nglegenting a predictive decodjng
process BYeIS SR e zﬁﬁ@heﬂneéaiﬁhﬁ oGPENFRECEBRSEr tER3Y §® ¢omRlebely
conput er executes an i nmage predictive 2 4 APR 2002 63 decodi ng process of
an i mage YHEHRALEE -decodi ng apparatus according to any of clains 4, 5 and

{:) Initially, in step 602, the sizes of forward and backward
reference images are input. The image #5 (205) shown in figure
2(a) is a bidirectional prediction image of which forward
reference image and backward reference image are the image #4
(204) and the image #6 (206), respectively.

When it is decided in steps 603 and 604 that the sizes of
both the forward and backward reference images are zero, an image
to which a prescribed value is assigned, i.e., an image having a
prescribed value, is generated as a prescribed value in step 605.

{:) When it is decided in steps 603 and 604 that the size of
the forward reference image is zero and the size of the backward
reference image is not zero, a prediction image is generated
using only the backward reference image in step 606.

When it is decided in steps 603 and 607 that the size of
the forward reference image is not zero and the size of the
backward reference image 1is zero, a prediction image is generated
using only the forward reference image in step 608.

When it is decided in steps 603 and 607 that the sizes of

both the forward and backward reference images are not zero, a



19. A data storage nediumthat contains a programfor inplenmenting a2 4 APR 2002
predi ctive coding process by a conputer, wherein said programis
constructed so that said conputer executes an inage predictive coding
process 'of an image predictive coding apparatus according to any of clains
12, 13, 15 and 17. 20. A data storage nediumthat contains coded data
obt ai ned by conpressively coding an i nagé88 sai d coded data bei ng obt ai ned
by an inage predictive coding process of an inmage predictive coding
apparatus according to any of clains 12, 13, 15 and 17. 21. An inmage
predictive decodi ng nethod for decoding a first coded frame obtained by
coding an i mage, conprising: determ ning whether or not a second coded
frame, wprddiotcan imagsefis genrratiadsiusisdedhesgnweifgrrgngespmagesr der ,

i ncl udes i mage content data, the second coded frane including a flag

i ndi cati ng whefhestep hdf,t hbesgenadatedeprédhripiomcinalrs isremepont ent
data, the determ nation being based upon an indication provided by the
flag; gerrativigiaa giredimtdiatiiomgaadey tbengncasea seberente thage, a
reproduced i mage corresponding to the second coded franme when the second
coded f r geedind ivohe S maggeg ef roon ttéuet otbgeat amdgehenhtihe skeoddcodeedadidane
does not include imge content data, by using, as a reference inmge, a
repr oducethd magelicarices dmadjeng ot ahe dhiffdreadedof £hd APRe20D2m&def r amr
whi ch includes i mage content data and occurs before the second coded franme
in a di sphay eager thandeddondilngighelf i(dsffeodandef sagraby paedbeti ve
decodi ng using the generated prediction imge. 22. The imge predictive
dégbdingsmaﬁryis@h.clain12l,mherein the image includes an arbitrarily
shaped object whose size is variable. 23. An inmage predictive decoding

met hod for decmsdlidgsaribest alsoded d¢eneiioty aonathddf iFati Rebdd imdage o f
conprising: determ ning whether or not a second coded franme and a third
coded frane, inleahiane e RBecUusadeawharboplardlr6hsens ecd B }Hh@ an
backward reference i nmage, respectively, include inage content data,

image are subjected to compressive coding and transmitted object
by object, when a prediction image is generated using forward and
backward reference images, it is avoided that variable-size
images which have already disappeared are used as the reference
images, resulting in appropriate predictive decoding or coding
capable of suppressing the residual signal (difference signal).

<:) Further, since a prediction image having a prescribed value is
generated, generation of the prediction image is facilitated.
[Embodiment 6]

Figure 11 is a flowchart of a prediction image generation
process in a predictive decoding method using bidirectional
prediction, according to a sixth embodiment of the present
invention. This sixth embodiment is fundamentally identical to
the fifth embodiment, in like manner that the second and fourth
embodiments are fundamentally identical to the first and third

embodiments, respectively. To be specific, in this sixth



wherein the determnation is perfornmed based on a first flag incl ude? %n 2002
the second coded frane and a second flag included in the third coded?*f aﬁﬁﬁ
the first flag indicating whether or not the second coded frane includes

J mage content data, and the second flag indicating whether or not the third
coded frame includes inmage content dat a; ,é~ selecting, as the forward
reference i mage, a decoded frane correspd% ing to the second coded frane
only when the second coded frane includes i nage content data; selecting, as
t he backward reference i mage, a decoded frane corresponding to the third
coded frame only when the third coded frane includes i nage content data;

2 4 APR 2002 65 generating a predichon inage bg referring to at |east one
of the sePBEPEATEBEnar 81FEf éPeREECI Auge aftCPPeb S ettt HhAWar riskBienhce
i mage; and decoding the first coded frange by predictive decodi ng using the
gener at ed épREQi EhpBACHNRge. £289 ThéSi fade PP ethi@WR v dEH&RA r?glor%?'t Hc?cp‘gfa“d
claim 23, wherein the inmage includes an arbitrarily shaped object whose
size is vaiPabLe. f{rgumhég-A CA3LAF[LALLA A A A A A AL A3 A% A% A. A9. An
CAF9L AL AR AS A A A% A A% A9 A AL, A Ay. A59. AQ . AF_. AF. A9. A

9. AV_. A . A5% ARSI AP AN AK tRyereediment af Rhe Anvaypian, in the

_- A AY. An% A9. AFL. A. A9. Aly. AeMa01Tz{ ~| } Yzupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] capea] vhica] phfcal caPiarta] eapehl erblng e dags aalec &ubalasd]esh]tea] ¢
Ra! ¥%&JKM pg+f$ %

r sg} xsni dcghptreastud capdafgaind] tude Ll ed]ket] ¢ cdiestcapdgnca] cal cal c
%%Sa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ghz{-

! prediction image is generated using forward and backward

reference images, it is avoided that variable-size images which
have already disappeared are used as the reference images,
resulting in appropriate predictive decoding or coding capable of
suppressing the residual signal (difference signal). Further,
when it is detected that the flags F of the forward and backward
reference images are "0O", a prediction image having a prescribed
value is generated. Therefore, detection of the variable-size
image which has already disappeared is facilitated, and

{:) generation of the prediction image is facilitated.
(Embodiment 7]

Figure 12 is a block diagram illustrating an image
predictive coding apparatus 1000 according to a seventh
embodiment of the present invention. The coding apparatus 1000
comprises a texture coding unit 1100 that performs predictive
coding of a texture signal comprising a luminance signal and a
color difference signal, and a shape coding unit 1200 that
performs predictive coding of a shape signal.

The texture coding unit 1100 comprises a blocking unit 1110



>?CDFno{ vgl ga\ W ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gad cAHRE 2002

a] c a] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal JKVoHu Ft;

'\L]wrnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

Jcalca] cal]ca]ca]ca]cralca]lca]ca]calc '

al\ 11T ##0888808&& D ")) ++,,C,,,,-P-Q"*--//|wnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca]

ca] ca]ca]ca]ca]c 38

aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca!/P1QL1122223

Y33335588889H999: : ; ; >>>%] >?{vqgkf a\ W ca] ca] ca] cal] c
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The prediction image generator 1150 decides a reference
image to be referred to when generating a prediction block
(prediction image) from the reproduced images stored in the frame
memory unit 1140 on the basis of the image size obtained from the
output of the blocking unit 1110.

f:) On the other hand, the shape coding unit 1200 comprises
a blocking unit 1210 that divides a shape signal per frame into
plural macroblocks each having the size of 16X16 pixels (a unit
subjected to coding) and outputs the divided shape signal; a
subtracter 1260 that calculates a difference between a block
being an object of coding (object block) and a prediction block
corresponding to the object block; a shape encoder 1220 that
codes the difference by a prescribed coding method; and a shape
decoder 1230 that decodes the output from the shape encoder 1220

{:) by a decoding method corresponding to the coding method. The
shape encoder 1120 codes the output from the subtracter 1260 by a
coding method such as quarter tree or chain coding.

The shape coding unit 1200 further comprises an adder 1270
that adds a decoded block output from the shape decoder 1230 and
the prediction block to generate a reproduced block; a frame
memory unit (FM2) 1240 that stores the decoded block output from
the adder 1270; and a prediction image generator 1250 that

obtains a prediction block corresponding to the object block from

the shape information stored in the frame memory unit 1240 by
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Further, the prediction image generator 1250 decides a

reference image to be referred to when generating a prediction
block (prediction image), from the reproduced images stored in
the frame memory unit 1240, on the basis of the image size

éi) obtained from the output of the blocking unit 1210.

The decision of the reference image by the coding unit 1100
or 1200 may be carried out, as shown by dotted lines in figure 12,
by using a shape detector 1280 that performs shape detection on
the basis of the reproduced block, and controlling the frame
memory units 1140 and 1240 according to the result of shape
detection which is output from the shape detector 1280. In this
case, the control of the frame memory units according to the
result of shape detection is identical to the control of the

Q:) frame memory unit 309 by the controller 320 according to the
first embodiment. Further, the result of shape detection is
applied to a variable-length encoder 1010 which is described
later, and transmitted together with coded data of the texture
signal and the shape signal.

Further, the image predictive coding apparatus 1000
includes a variable-length encoder 1010. The variable-length
encoder 1010 performs variable-length coding of the coded texture
signal output from the texture encoder 1100 and the coded shape

signal and the result of shape detection, which are output from
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In figure 12, reference numeral 1001 denotes an input

terminal for the texture signal, 1002 denotes an input terminal
for the shape signal, and 1003 denotes an output terminal for the
coded data.

’t) A description is given of the operation.

When a texture signal (luminance/color-difference signals)
and a shape signal are input to the image predictive coding
apparatus 1000, the texture signal and the shape signal are
divided into macroblocks (units subjected to coding) by the
blocking units 1110 and 1210 included in the coding units 1100
and 1200, respectively, and prediction coding is carried out for

each macroblock.

In the texture signal coding unit 1100, the subtracter 1160

calculates a difference between an object block and a prediction

O

block, the DCT 1121 transforms this difference to a DCT
coefficient, and the quantizer 1122 quantizes the DCT coefficient
to generate a quantized coefficient. The quantized coefficient
is output toward the variable-length encoder 1010.

The inverse quantizer 1131 inversely quantizes the
quantized coefficient to generate a DCT coefficient, and the IDCT
1130 transforms the DCT coefficient to an expanded block
corresponding to the object block by a process of transforming

frequency region data to spatial region data. Further, the adder
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1170 adds the expanded block and the prediction block to generate
a reproduced block. The reproduced block is stored in the frame
memory unit 1140. At this time, the prediction image generator
1150 generates a prediction block corresponding to the object
block, from the images stored in the frame memory unit 1140, by
motion compensation on the basis of motion information detected
{:) by a prescribed motion detection method. Further, the prediction
image generator 1150 decides, as a reference image, a single
reproduced image which has been recently reproduced and includes
significant image data to be referred to, from the reproduced
images stored in the frame memory unit 1140. When the apparatus
is provided with the shape detector 1280, the decision of the
reference image can be performed by controlling the frame memory

unit 1140 according to the output from the shape detector 1280,

i.e., information whether the size of the reproduced image to be

O

referred to is zero or not.

In parallel with the processing of the texture encoder 1100,
in the shape encoder 1200, predictive coding of the shape signal
is carried out in similar manner to the above-described
predictive coding of the texture signal. That is, a difference
between the object block and the prediction block is obtained by
the subtracter 1260, and this difference is coded by a coding
method such as quarter tree or chain coding in the shape encoder
1220, and the coding result is output toward the variable-length

encoder 1010. Further, the coded shape signal from the shape
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encoder 1220 is restored by the shape decoder 1230, and the
restored block and the prediction block are added by the adder
1270 to generate a reproduced block.

The reproduced block output from the adder 1270 is stored
in the frame memory unit 1240. In the prediction image generator
1250, a prediction block corresponding to the object block is

generated from the shape information stored in the frame memory

)

~,

unit 1240, by motion compensation based on motion information
detected by a prescribed motion detection method. Further, in
the prediction image generator 1250, a single reproduced image
which has been recently reproduced and includes significant image
data to be referred to is decided as a reference image, from the
reproduced images stored in the frame memory unit 1240, on the
basis of the image size obtained from the output of the blocking
unit 1210.

%:) When the apparatus is provided with the shape detector 1280,
the decision of the reference image can be performed by
controlling the frame memory unit 1240 according to the output
from the shape detector 1280, i.e., information whether the size
of the reproduced image to be referred to is zero or not. 1In
this case, the reproduced block is input to the shape detector
1280 wherein shape detection is carried out. For example,
assuming that the shape signal is a binary signal, when there is
only black data between white data and black data as shape data,

no reproduced data exists. At this time, there is no texture
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signal corresponding to the shape signal of this block. In this
case, as described above, a flag showing "no coded data" or data
showing "image size is zero" is output from the shape detector
1280 toward the frame memory units 1140 and 1240 and the
variable-length encoder 1010. In the frame memory units 1140 and
1240, according to the output from the shape detector 1280,

i) control is carried out in similar manner to the control of the
frame memory unit 309 by the controller 320 according to the
first embodiment.

As described above, according to the seventh embodiment of
the present invention, in the coding unit 1100 (1200), a single
reproduced signal which has been recently reproduced and includes
significant image data to be referred to is decided as a
reference image from the reproduced images stored in the frame
memory unit 1140 (1210) according to the image size obtained from

{:) the output of the blocking unit 1110 (1210). Therefore, when
plural objects constituting an image are subjected to compressive
coding and transmitted object by object, it is avoided that a
variable-size image which has already disappeared is used as a
reference image for predictive coding, whereby appropriate
predictive coding that can suppress the residual signal
(difference signal) is carried out. Further, the coded data
obtained by the image predictive coding apparatus according to
this seventh embodiment can be decoded correctly by the image

predictive decoding apparatus according to the second embodiment.
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input object block exists or not is performed by detecting the
shape of the reproduced block of the shape signal, in the shape
coding unit 1200. When the reproduced block has no shape, in the
texture encoder and the shape encoder, a prediction block is
{:) generated using a reproduced block which has been recently
reproduced and has a shape, instead of the reproduced block
corresponding to the object block. Therefore, when plural
objects constituting an image are subjected to compressive coding
and transmitted object by object, it is avoided that a wvariable- ~
size image which has already disappeared is used as a reference
image for predictive coding, whereby appropriate predictive
coding is carried out. Also in this case, the coded data
obtained by the image predictive coding apparatus according to
{:) this seventh embodiment can be decoded correctly by the image
predictive decoding apparatus according to the second embodiment.
That is, in the image predictive decoding apparatus, the data
analyzer 302 controls the frame memory unit 309 on the basis of
the output from the shape detector 1280. Therefore, when coded
data obtained by object by object predictive coding is decoded,
it is avoided that a variable-size image which has already
disappeared is used as a reference image for predictive decoding,
whereby appropriate predictive decoding is carried out.

In this seventh embodiment, the selection of the reproduced



1 10B! <€10%& ()-9l :$10%m& ()- 10%m& ()-' 10%m& ()-F 10m 10m 2 4 APR 2002
“10m GLO%r& ()-6_UaBb@ 1
10B!'y, $10%1& () -*9$10%1& ()-! Y(m( 109%& () - Z$10%m& ()- 910%m& ()- &
10%1& () - PrdEb@ 1 10B!y8#10%1& ()-6, 10%m8' ()-4 10%m& ()-y2
109%v&' () -S0L10%M& ()-. 10%& ()-*+, -/ <?E~ @1 10B 10%r& ()- s
10%1& ()- ' 1 10%1& ()- 2! 109%&&& ()- 10m 10M 10m #10%m& () - EAraB~ @1
10BT10%1& () - 10%1& () - Z"10%1& ()-!v@ 10%m& () - nmt $10%m& ()- 10%m& ()-r)K
aB7@1 10Nt $10%rg ()-!1 (%0% () - m&" 10%r&’ () - $$10%r&: () -
' $10%18 () - 10%1& ()- ! " 9RqnN s10%& () - s10%& ()-s" 10%18& ()- s

" 0, ! 0, 0o - 0%
1%8&2&(§%ma%gég§ %)rg Tﬁ@é%%‘§%§RéogblgglE%§£%?%tfbn image generator 1150

1006 () Tugeh 0% Ui, 249205 ) RPNl OUA L0 ooy O oseon

SRR o St L O SRS S 1105"/%%r e D IR F1O%
same manner as the selection of the reproduced image as a
reference image by the prediction image generator 1150 (1250) or
the control of the frame memory unit 309 by the controller 320

(j) according to the first embodiment, respectively. However, the
present invention is not restricted thereto.

For example, when there is no image data to be referred to
in a frame previous to the object frame, a prediction image
having a prescribed value may be generated as described for the
third embodiment. In this case, as an image predictive decoding
apparatus corresponding to the image predictive coding apparatus,
an apparatus that performs the image predictive decoding process
according to the third embodiment is employed.

f:) Further, the prediction according to this seventh
embodiment may be bidirectional prediction as described for the
fifth embodiment. 1In this case, as an image predictive decoding
apparatus corresponding to the image predictive coding apparatus,
an apparatus that performs the image predictive decoding process
according to the fifth embodiment is employed.

[Embodiment 8]

Figure 13 is a block diagram illustrating an image

predictive coding apparatus 1000a according to an eighth

embodiment of the present invention. The coding apparatus 1000a
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{:) a switch 1190 is connected between the input terminal 1001 and
the blocking unit 1110, which switch connects (supplies) the
texture signal to either of the blocking unit 1110 and the ground,
according to a control signal.

The shape coding unit 1200a is different from the shape
coding unit 1200 according to the seventh embodiment only in that
it does not include the shape detector 1280, and a switch 1290 is
connected between the input terminal 1002 and the blocking unit
1210, which switch connects (supplies) the shape signal to either

{:) of the blocking unit 1210 and the ground, according to a control
signal.

The image predictive coding apparatus 1000a further
includes a shape detector 1020 that receives the shape signal and
outputs the result of shape detection toward the switches 11890
and 1290 as the control signal. When it is detected by the shape
detector 1020 that the input shape signal has no shape, the
switch 1190 (1290) connects the texture signal (shape signal) to
the ground. Conversely, when the input shape signal has a shape,

the switch 1190 (1290) connects the texture signal (shape signal)
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is Subjected to variable-length 'coding by the variable-length
encoder 1010, together with the coded data from the coding units
1100a and 1200a.

A description is now given of the operation of the image
predictive coding apparatus 1000a according to this eighth

f‘) embodiment. The operation of the apparatus 1000a is identical to
the operation already described for the seventh embodiment except
that the switches 1190 and 1290 are controlled by the shape
detector 1020.

To be specific, when the texture signal and the shape
signal are input, the shape detector 1020 detects whether the
input shape signal has a shape or not. When the shape signal
does not have a shape, the switches 1190 and 1290 are controlled
by the output from the shape detector 1020 so that the texture

{:) signal and the shape signal are supplied to the ground. That is,
at this time, the texture signal and the shape signal are not
subjected to predictive coding, and the result of shape detection
by the shape detector 1020 is supplied to the variable-length
encoder 1010.

On the other hand, when it is detected that the input shape
signal has a shape, the switches 1190 and 1290 are controlled by
the output from the shape detector 1020, and the texture signal
and the shape signal are input to the blocking units 1110 and

1210, respectively, wherein these signals are subjected to
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together with the outputs from the coding units 1100a and 1200a.

As described above, according to the eighth embodiment of
the present invention, the image predictive coding apparatus
includes the shape detector 1020 that detects whether the input

{:) shape signal has a shape or not. When the shape signal has a
shape, the texture signal and the shape signal are subjected to
predictive coding, and when the shape signal does not have a
shape, the texture signal and the shape signal are not subjected
to predictive coding. Therefore, when plural objects
constituting an image are subjected to compressive coding and
transmitted object by object, it is avoided that a variable-size
image which has already disappeared is used as a reference image
for predictive coding, whereby appropriate predictive coding that

<:) can suppress the residual signal (difference signal) is carried
out.

Further, since the result of shape detection by the shape
detector 1020 is coded and transmitted, an image predictive
decoding apparatus that receives the result of shape detection
can approbriately perform prediction decoding of a variable-size
image that has already disappeared, using the result of shape
detecfion as a synchronous signal. That is, while the variable-

size image disappears, reproduction of coded data corresponding

to this image is stopped.
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coding method (apparatus) according to any of the aforementioned
embodiments of the invention is recorded in a storage medium such
as a floppy disk, the image processing according to the
embodiment can be executed easily in an independent computer
{:) system.
Figures 14(a)-14(c) are diagrams for explaining the case
where the image predictive decoding process or the image
predictive coding process according to any of the aforementioned
embodiments is executed by a computer system using a floppy disk
which contains a program corresponding to the process.
Figure 14 (a) shows a front view of a floppy disk FD, a
cross-sectional view thereof, and a floppy disk body D as a
storage medium. Figure 14 (b) shows an example of a physical
{:) formation of the floppy disk body D. The floppy disk body D is
contained in a case FC. On the surface of the disk body D, a
plurality of tracks Tr are formed concentrically from the outer
circumference of the disk toward the inner circumference. Each
track is divided into 16 sectors in the angular direction.
Therefore, in the floppy disk body D containing the above-
mentioned program, data of the program are recorded on assigned
regions of the floppy disk body D.

Figure 14 (c) shows the structure for recording/reproducing

the program in/from the floppy disk FD, wherein Cs is a computer
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floppy disk drive FDD. When the above-mentioned image predictive
decoding process or the image predictive coding process is
constructed in the computer system Cs from the program in the
{:) floppy disk FD, the program is read from the floppy disk FD by
the floppy disk drive FDD and transmitted to the computer system
Cs.
Although in the above description emphasis has been placed
on a data storage medium containing a program for performing an
image predictive decoding process or an image predictive coding
process according to any of the aforementioned embodiments, a
data storage medium containing coded image data according to any
of the aforementioned embodiments is also within the scope of the
(:) invention.
Furthermore, although in the above description emphasis has
been placed on image processing by a computer system using a
floppy disk as a data storage medium, similar image processing
can be carried out using other storage media, such as an IC card

and a ROM cassette, as long as the program of the image

processing can be recorded in the media.
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prescribed method is input, a prediction image is generated using, as a

reference image, at least one reproduced image which has been
reproduced before an image being an object of decoding, and the object
image is subjected to predictive decoding:

said prediction image being generated using, as a reference
image, at least one reproduced image which has been recently
reproduced and includes significant image data to be referred to;

wherein each frame of said compressively coded image data has a
flag that shows whether or not a frame previous to an object frame
being an object of decoding includes significant image data to be

referred to.

2. An image predictive decoding method in which image data
obtained by compressively coding a variable-size image using a
prescribed method is input, a prediction image is generated using, as a
reference, image, at least one reproduced image which has been
reproduced before an image being an object of decoding, and the object
image is subjected to predictive decoding;:

said prediction image being generated using, as a reference
image, at least one reproduced image which has been recently

reproduced and includes significant image data to be referred to;
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has no significant coded data to be referred to, an image having a
prescribed value as its image data is used as said prediction image;

and wherein each frame of said compressively coded image data
has a flag that shows whether or not a frame previous to an object
frame being an object of decoding includes significant image data to be
referred to.
3. An image predictive decoding method in which image data
obtained by compressively coding a variable-size image using a
prescribed method is input, a prediction image is generated using a
reference image, and an image being an object of decoding is subjected
to predictive decoding;

said prediction image being generated using, as said reference
image, at least one of two reproduced signals which have been recently
reproduced, which one has significant image data to be referred to;

wherein each frame of said compressively coded image data has
two flags that show whether or not prescribed two frames previous to an
object frame being an object of decoding include significant image data
to be referred to.
4. An image predictive decoding apparatus comprising:

input means to which image data obtained by compressively
coding a variable-size image using a prescribed method is applied;

a data analyzer which analyzes the image data and outputs the

image size and the image transform coefficient;
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a frame memory that contains a reproduced image;

a prediction image generator that generates a prediction image
using, as a reference image, the reproduced image stored in the frame
memory; and

an adder that generates a reproduced image by adding the
expanded differences image and the prediction image, and outputs the
reproduced image and, simultaneously, stores the reproduced image
into the frame memory;

wherein said prediction image generator examines whether or not
the reproduced image includes significant image data to be referred to,
and generates a prediction image using, as a reference image, at least
one reproduced image which has been recently reproduced and includes
significant image data.

5. An image predictive decoding apparatus comprising:

input means to which image data obtained by compressively
coding a variable-size image using a prescribed method is applied;

a data analyzer which analyzes the image data and outputs the
image size and the image transform coefficient;

a decoder which restores the image transform coefficient to an

expanded difference image using a prescribed method;

a frame memory that contains a reproduced image;
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using, as a reference image, a prescribed reproduced image stored in
the frame memory and corresponding to the input image; and
an adder that generates a reproduced image by adding the
expanded difference image and the prediction image, and outputs the
reproduced image, and simultaneously, stores the reproduced image
into the frame memory;
wherein said prediction image generator examines whether or not
the prescribed reproduced image has significant image data to be
referred to, and when the reproduced image has no significant coded
data to be referred to, an image having a prescribed value as its image
data is used as said prediction image.
6. An image predictive decoding apparatus according to claim 4 or
claim 5, wherein each frame of said compressively coded image data has
a flag that shows whether or not a frame previous to an object frame
being an object of decoding includes significant image data to be
referred to.
7. An image predictive decoding apparatus comprising:
input means to which image data obtained by compressively
coding a variable-size image using a prescribed method is applied;
a data analyzer which analyzes the image data and outputs the
image size and the image transform coefficient;

a decoder which restores the image transform coefficient to an

expanded difference image using a prescribed method;
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a frame memory that contains a reproduced image;

a prediction image generator that generates a prediction image
using the reproduced image stored in the frame memory as a reference
image; and

an adder that generates a reproduced image by adding the
expanded difference image and prediction image, and outputs the
reproduced image and, simultaneously, stores the reproduced image
into the frame memory;

wherein said prediction image generator generates said prediction
image using, as ‘said reference image, at least one of two reproduced
signals which have been recently reproduced, which one has significant
image data to be referred to.

8. An image predictive decoding apparatus according to claim 7,
wherein each frame of said compressively coded image data has two
flags that show whether or not prescribed two frames previous to an
. object frame being an object of decoding include significant image data
) to be referred to.
9. An image predictive coding method in which a variable-size image
is input, a prediction image is generated using, as a reference image, at
least one reproduced image which has been reproduced before an image
being an object of coding, said object image is subtracted from said

prediction image, and a difference between these images is

compressively coded by a prescribed method;
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said prediction image being generated using, as a reference

image, at least one reproduced image which has been recently
reproduced and includes significant image data to be referred to;

wherein each frame of said compressively coded image data has a
flag that shows whether or not a frame previous to an object frame
being an object of decoding includes significant image data to be
referred to.
10. An image predictive coding method in which a variable-size image
is input, a prediction image is generated using, as a reference image, a
prescribed reproduced image which has been reproduced before an
image being an object of coding, said object image is subtracted from
said prediction image, and a difference between these images is
compressively coded by a prescribed method;

wherein, when said reproduced image used as a reference image
has no significant image data to be referred to, an image having a
prescribed value as its image data is used as said prediction image.
11. An image predictive coding method in which a variable-size image
is input, a prediction image is generated using a reference image, an
object image being an object of coding is subtracted from said prediction
image, and a difference between these images is compressively coded by
a prescribed method,;

said prediction image being generated using, as said reference
image, at least one of two reproduced images which has been recently

reproduced and includes significant image data to be referred to;
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wherein each frame of said compressively coded image data has

two flags that show whether or not prescribed two frames previous to an
object frame being an object of decoding include significant image data
to be referred to.

12. An image predictive coding apparatus comprising:

input means to which data of a variable-size image is input,
which data is divided into units subjected to coding;

a subtracter that obtains a difference image between an object
image being an object of coding and a prediction image corresponding to
the object image;

a compressive encoder that converts the difference image to
compressed data by a prescribed compressive coding process;

a variable-length encoder that performs variable-length coding of
the compressed data and outputs coded data;

an expansive decoder that restores the compressed data to an
expanded difference image by a prescribed expansive decoding process;

a frame memory that contains a reproduced image;

a prediction image generator that generates a prediction image
using the reproduced image stored in the frame memory as a reference
image; and

an adder that generates a reproduced image by adding the
expanded difference image and the prediction image, and outputs the
reproduced image and, simultaneously, stores the reproduced image

into the frame memory;

J, feRam
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the reproduced image has significant image data to be referred to, and
generates said prediction image using, as a reference image, at least one
reproduced image which has been recently reproduced and includes
significant image data.
13. An image predictive coding apparatus comprising:

input means to which data of a variable-size image is input,
which data is divided into units subjected to coding;

a subtracter that obtains a difference image between an object
image being an object of coding and a prediction image corresponding to
the object image;

a compressive encoder that converts the difference image to
compressed data by a prescribed compressive coding process;

a variable-length encoder that performs variable-length coding of
the compressed data and outputs coded data;

an expansive decoder that restores the compressed data to an
expanded difference image by a prescribed expansive decoding process;

a frame memory that contains a reproduced image;

a prediction image generator that generatcé a prediction image
using the reproduced image stored in the frame memory as a reference
image; and

an adder that generates a reproduced image by adding the

expanded difference image and the prediction image, and outputs the
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into the frame memory;

wherein said prediction image generator examines whether or not
the reproduced image has significant image data to be referred to and,
when the reproduced image has no significant image data, an image
having a prescribed value as its image data is used as prediction image.
14. An image predictive coding apparatus according to claims 12 or
claim 13, wherein each frame of said coded data has a flag that shows
whether or not a frame previous to an object frame being an object of
coding includes significant image data to be referred to.

15. An image predictive coding apparatus comprising:

input means to which data of a variable-size image is input,
which data is divided into units subjected to coding;

a subtractor that obtains a difference image between an object
image being an object of coding and a prediction image corresponding to
the object image;

a compressive encoder that converts the difference image to
compressed data by a prescribed compressive coding process;

a variable-length encoder that performs variable-length coding of
the compressed data and outputs coded data;

an expensive decoder that restores the compressed data to an
expanded difference image by a prescribed expansive decoding process;

a frame memory that contains a reproduced image;
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using the reproduced image stored in the frame memory as a reference
image; and

an adder that generates a reproduced image by adding the
expanded difference image and the prediction image, and outputs the
reproduced image and, simultaneously, stores the reproduced image
into the frame memory;

wherein said prediction image generator generates said prediction
image using, as said reference image, at least one of two reproduced
signals which have been recently. reproduced, which one has significant
image data to be referred to.

16. An image predictive decoding apparatus according to claim 15,
wherein each frame of said coded data has two flags that show whether
or not prescribed two frames previous to an object frame being an object
of coding include significant image data to be referred to.
17. An image predictive coding apparatus comprising:

input means to which data of a variable-size image is input,
which data is divided into units subjected to coding;

a subtracter that obtains a difference image between an object
image being an object of coding and a prediction image corresponding to
the object image;

a compressive encoder that converts the difference image to

compressed data by a prescribed compressive coding process;
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a varigble-length encoder that performs variable-length coding of

the compressed data and outputs coded data;

an expansive decoder that restores the compressed data to an
expanded difference image by a prescribed expansive decoding process;

a frame memory that contains a reproduced image;

a prediction image generator that generates a prediction image
using the reproduced image stored in the frame memory as a reference
image;

an adder that generates a reproduced image by adding the
expanded difference image and the prediction image, and outputs the
reproduced image and, simultaneously, stores the reproduced image
into the frame memory; and

a shapeé detector that detects whether the reproduced image
includes significant image data to be referred to or not, on the basis of
shape data showing the shape of an object and included in the variable-
size image data;

) o o .

wherein said prediction image generator receives an output from
said shape detector and, when the reproduced image has no significant
image data, said prediction image generator generates said prediction
image using, as a reference image, at least one reproduced image which
has been recently reproduced and includes significant image data.
18. A data storage medium that contains a program for implementing
a predictive decoding process by a computer, wherein said program is

constructed so that said computer executes an image predictive
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19. A data storage medium that contains a program for implementing a
predictive coding process by a computer, wherein said program is
constructed so that said computer executes an image predictive coding
process of an image predictive coding apparatus according to any of claims

12, 13, 15 and 17.

20. A data storage medium that contains coded data obtained by
compressively coding an image, said coded data being obtained by an

image predictive coding process of an image predictive coding apparatus

according to any of claims 12, 13, 15 and 17.

21. An image predictive decoding method for decoding a first coded
frame obtained by coding an image, comprising:
determining whether or not a second coded frame, which occurs
) before the first coded frame in a display order, includes image content
data, the second coded frame including a flag indicating whether or not the
second coded frame includes image content data, the determination being
based upon an indication provided by the flag;
generating a prediction image, by using, é.s a reference image, a
reproduced image Qoryespoqding to the second coded frame when the
second coded frame includes image content data, and when the second
coded frame does not include image content data, by using, as a reference

image, a reproduced image corresponding to a third coded
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coded frame in a display order; and

decoding the first coded frame by predictive decoding using the
generated prediction image.
22. The image predictive decoding method of claim 21,wl11erein the
image includes an arbitrarily shaped object whose size is variable.
23. An image predictive decoding method for decoding a first coded
frame obtained by coding an image, comprising:

determining whether or not a second coded frame and a third
coded frame, which are to be used as a forward reference image and a
backward reference image, respectively, include image content data,
wherein the determination is performed based on a first flag included in
the second coded frame and a second flag included in the third coded
frame, the first flag indicating whether or not the second coded frame
includes image content data, and the second flag indicating whether or
not the third coded frame includes image content data;

selecting, as the forward reference image, a decoded frame
corresponding to the second coded frame only when the second coded
frame includes image content data;

selecting, as the backward reference image, a decoded frame

corresponding to the third coded frame only when the third coded frame

includes image content data;
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image; and

decoding the first coded frame by predictive decoding using the
generated prediction image.
24. The image predictive decoding method of claim 23, wherein the

image includes an arbitrarily shaped object whose size is variable.



