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redundancy and perform scalable video coding with temporal flexibility. In MCTF, the

coding operation is performed on a Group of Pictures (GOP) basis, and pairs of a
current frame and a reference frame are temporally filtered in the direction of motion.

This technique will be described in more detail with reference to FIG. 1.
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update-step has better performance than original MCTF. For this reason, the specific



L franes degrades severely sonetines due to the |ack
of accurate notion estimtion. In past research, nmany

wepsossseht al results have shewn that UMCTF wi PCIDER2@RA/002989

[11]

[12]

[13]

[14]

[15]

updat e-step has better perfornmance than original MCTF.
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Consistent with an exemplary embodiment of the present invention, there is
provided a method for video coding, the method comprising (a) receiving a plurality of
frames constituting a video sequence and eliminating a temporal redundancy between
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quentially, and (b) generating a bit-stream by quantizing transformation coefficients
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obtained after eliminating the temporal redundancy between the frames, and a bit-

stream generation unit generating a bit-stream by use of the quantized transformation
coefficients.

The temporal transformation unit may comprise a motion estimation unit obtaining
motion vectors from the received plural frames, and a temporal filtering unit

performing temporal filtering relative to the received plural frames on a GOP basis by
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t .
N L R G R S e
thﬁrelanansfornatl on coefficients and generates the

bi ts tdo%@iq{e ?ﬁ&ﬁér%&f&%& oiy\fhg ?re%elitli'ﬁ\‘égﬂ? bn qﬁ&? %go%r%?/lded a

the present |nv
Vi nhednod éolowidetgde:codmgl cs)ntms(ng)(a)eeﬂmaanﬂg mgormaﬁon naghiiding encoded

d f dth
o1 PR BT RE SRl idmes 200 oAt SRR B grd imprgreging a bit-
b| $tEdafe,AB) obtéjhlnglbdrﬁfdﬂinﬁ@oﬁ touffidientyBy ibRrseabhtizngtheSin-

by |nverse Z|n in formation regardin
o ek e‘e‘¥ Fogs o) Tring G RaoR e s throvgh

t hﬁrpﬁlgsrsé‘-@pétﬁy &ﬁﬁs@or&lh@ﬂ)h ahd b ivefseltempbranraiifordftion of the trans-
i nverse-tenporal transformation of the trans fornmation
c obormpionenedficipnts inverselytte thewedundapeyelHeipation sgareRceon
Sequipgtep- af) ZitlForhdAtiSh R tHe ﬁlmHef‘ HOLTBALPRAAEs pef SOR{ B ther
of encode rames per GOP is further extracted from
t hextsicteddrane ghe, bif- Smn3| stent with a sti I | further
exe Iy .

L A AR e S o Ml fnion

i ntherqcis ptavidedra wudw decndetrenomperslnggt bat-steeam mtedpretation unit in-

D! b IR b Ak PR R b 05 88E rames
S etherefioe amsinthe nadandancy Hlimhnanah Isequenm tan mverse-quantlzation unit

erieatiot SRS BE o PaGne O b0 e Bpigiy Lans-

t hiyr@bfietoefficients RFe oS pad indbrst spatiaf @amedrrakion Dhit performing an
performpﬂ%@? S:I)verses atlal transformatlon& gq
antiveries ansiQITRALOn Prqcess,and ARARYeEts tEmperahansiprmagign unit

anp, érfﬁfﬁﬁl?eaﬂ RAVBRE- A mpdraAnfSfofRhti (HprBEQRS SForeiM RS &icBded frames of
t he enco frames of the bit-streamare restored b

ﬂlﬁé)ﬂt;ﬁtli@@mtqﬁ@rqsw @@p@ﬁg{qﬂgg thﬁ iEEsesPaiial progess and the inverse-
' NgfpeRl $RGbAhation process on the transformation coefficients inversely to the

sequence of the redundancy elimination sequence of the encoded frames by

referencing the redundancy elimination sequence.
Consistent with another still further exemplary embodiment of the present

invention, there is provided a storage medium recording thereon a program readable by



transformati on process on the transformation
coefficients inversely to the sequence of the

W0 sty el i mi nati on sequedice of the encodeRCT/KR2®E/002989
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by referencing the redundancy elimnm nation sequence.

[29] Consistent with another still further exenplary
enbodi nent of the present invention, there is provided

a stempyer soeitoexecateor dienycading eralecedipg agpoading txambine of the

bygb ggrggggrﬁ)r ]ﬁlél rﬁ%“?ﬁrﬂ&ﬁ a video codi ng or

decodi ng accor o any one ‘of the above-descri bed
exenpl ary enbodi ment sDeSBsptlopt iofn Ifavibingsi ngs [ 30]

ZP et OV and do (?t Il'l)%ctsg%ﬁqr?s @@ta#g?rztaga}ep ggﬁ%&%enserqtqnventlon will
u nbkemtexﬂebﬂyr wridetsbsddffedrh ehe foowtiigaletatidd desteiptipi taken in

taken in conjupction with the .acco i ng draw ngs,

| o qon Pt tRE hiedmphnying Grvangs o1 BRED o

decorpigs1 lhtsteks fenwélaiéb&nyés&ﬁﬂls P Salblevideslesdsl sl decoding
processes enpl oyi ng conventional MCTF schene; [32]

FI Pocessey qrﬁ@??lag@scom?ﬁsp%h GEESHRES:ti ons in scal abl e

vi deqgrrgodlimnBuaid te‘ilﬁpﬁ)%’l'(ﬁgo &ﬁﬁﬁﬁ @1§ s&[ﬂ%lléwiﬂ&gccﬁhng and decoding
conventi onal UMCTF 'schene; |33 3 illustrates

t eP9Eesses ererleyins siconyansions] &bﬂCbemqr deo codi ng and
decogifgs Arkaadds B p{o?al%%ﬁﬂé%ﬁﬂ (ﬁ{sl Stk aﬁjé LI c&fm% decoding

pr esent 1 nvention; tes terrpor
deawopbeg to arexeiplasy ainbbdiment ofithe prgémgneentiontecodi ng

acc oqu NGt Qe ontnl‘t?,g%] %&g}’onl‘i %éﬂ?ﬂm&; cé&ﬁ?g and decoding

presen I nven
hi arcardihg toedn co:th@h exgmplary eltaboxﬂmego of the ptefent 4h1vebﬁﬁ} FI G

6 illust e ossi bl.e con ec etme ames in

Phe GG BhG SRR e CORRE o aR R GRS S 1 Ty
byf arFIeneé ﬂﬂfsjt;)raﬁk ﬁessﬁ{léﬁdnnEbtﬁfHS betwdet Stanis ¢1$the course of coding
re encl n et ween f{ranes of nej oring GPs to

ey %%aﬁnﬁéhf‘ewa@}lgﬂgy aaewda? ﬂS% o an ot her

exentrIa! y ilfikhads raraen@hg b&e/cbh BaMRS of MIBIboHAS Gdl%&b increase
FI G 8|IIustratesa§kﬂlj1raI|ty of referencmg

useRfingeffigiepenaccordiag @t eféP‘PmElaéY]EVb%E@PH‘Pfﬁbe P@S%m
ot hgkntfopeml ary enbodi ment of the present invention;
[39] FIG 9 illustrates hierarchical structures and
k| nd 165 8 {llustrates ampbialityi of piferen¢ing modes vsefl 4o mergapgjthe coding
4
1eﬁg)§a&%ﬁﬂﬁg ino a\‘{/H 0 g%r%g'ghbgb%% éfﬁ g@lni%ﬁt @P&E@Eﬁ@erﬁﬁnventmn
f I uctHiGt Y dhlsaaics higraxchical Strtmurex mcbkladglomm wigen the plurality of

Fi %ergn%%%gllo&s alrl:hé"%hra.t es an exanpl e of video coding

sequence having a little fluctuation ,
ac comGri® 1110sttdm anexamplerof vaiebmxidmgnn avidebls&quefice hahdlg a high

7 iR P83 S5 el i 511 0 2

FIG. 11 illustrates an example of video coding in a video sequence having a little
fluctuation , according to the exemplary embodiment of FIG. 9;

FIG. 12 is a functional block diagram illustrating a construction of scalable video
encoder according to an exemplary embodiment of the present invention;

FIG. 13 is a functional block diagram illustrating a construction of scalable video
encoder according to an other exemplary embodiment of the present invention; and

FIG. 14 is a functional block diagram illustrating a construction of scalable video
decoder according to an exemplary embodiment of the present invention.

Mode for Invention



encoder according to an exenplary enbodi nent of the
present invention; [43] FIG is a functional block

waele@gnswsns | | ustrating a constsucti on of scal abPET/KRA@a/002989

[45]

[46]

[47]

[48]

[49]
[50]

[51]

encoder according to an ot her exenpl ary enbodi nent of

the present invention; and [44] FIG 14 is a

functional block diagramillustrating a construction

of sddreipafteryéxgoplary cobedimentorfdheipresant inveatiempilhbg/described in
e L D: Mode for

I 2@%% %ﬁ%ﬁ%{enkéﬁ)e@% g?@?ahg%g%f‘% “enbodi ments of

t he pX ssdable vide@cddinnalgbrithmirengessses fioades on "6OR (Growp of Picture)

1 h [ d i . .[46
C ol B sirebs B G R PP rh Rt iR euhe oqhumayte o
G(]Ibté@ﬁupd]f fﬂ%reﬁ'tlyﬂap@%hﬂga@t t'oa .a chdimgsilgaritinh bat @@?et fetabby ;
er .o r.a consti tuti er m_ne
di @%ﬂﬂ&?%@id&@ﬁ@%ﬂaﬁ@g@o GC@’E’P&%%S fopfve Bdrames in
Pr ek %&@fﬁblﬁr}dﬁhl%dﬂneﬁtg of fheﬁﬁes%nl( inéntidn 8 bel HedcriBeded) however,
The  GOP |s assunmed, to have 8 franes in_the exenplary

enthéds mssely bywayd exrraplentn thisvessrd-gien topegh Be&GOR Eié%l varies, this

| adifuid ROMRNRled tb 'ﬂﬂ? uhder 'ﬁ?é’[ﬁrbﬁéclkéﬁ sUEDE RintEXRIRE Eresélﬁ invention
this regard, even thou GOP si ze vari es,

s hesfariasié irepliestthe eghni ﬂ‘éﬁal of hoeresenhmventine ct epl scope
gr antgg 3 Qs gteg [e zép%?&lt e@&ﬁ sitftdhs 3P sdaflblESided fé[fﬁé i5._1‘?12‘g\lecoding

the technical i esent 1 nvention.
3 addording mwmmpbw ambd@mmp@fsthc pesentjipvestioh.abl e

e TaRpES, Pt & 68 Tuo R Sk eRRubR Bk BRI A Kiteging) in

F ﬁ)du.'lg aﬂnhiehodhﬁg]ampd_rfodme@ frpnﬁhlgheo resnpidriddévelsto lower temporal

r filter i n,codin decodln
O Bespobpish: TRghbl 4 RpBPaion By &F E%o8r ik fom frames at higher
t erRpoadl 1dvelsab $hdsB aBleee te@poral emmlse@lmmnmmra 1B¥in feature

n coder-side frgm.fra at hi her te

t ook e SESeHt I¥RREPn BEHRBIBFd frepeaveriop cgordingly, the encoder-
Coﬁaé béﬂﬁlﬁﬁa@l&%lt&nﬁ(ﬁﬁt JeaRb h&%ﬂﬁﬁ% kdé&lﬁﬁﬁdréihﬁon.
di sti_ngdshed from conventi ona art ccor | ngly, the

encoddespdivg proresy Wil becdnsekedrip apnse detad bglodini | ity
accorgl ﬁ‘agnés%hba'ﬁ iW ﬁféq?%fes 'ré%?ﬂ?)tﬁaﬁﬁbs WHISH hdeenck B&%ﬂ"lgl]tered in

process wi | descri In nore detail bel ow.

Nenfmea&éiétegn@\ln other Wﬁ)édSFtbguAefSam@f@ay rederftp Aigmes wihioseh prediction-
h
aﬂ%e&] %r%éb?ﬁzil{ebbg ‘rfrléésegor%lla t{/éeﬁ g foticd. ';—I‘r frhBbd %'Ai%(v)v;l elH g ﬁgﬁ'es refer

ames
pr @cfralnevsomln&s eeinpcﬁmhfdtwingﬂlias beani pegfohmaed. datch tmleroblock constituting

Pe{he(ﬁ 87 d; e inc fudesn{e Sg (\,’\I’P ? e?ee F &%{urelgd ef eil comganson with
r anmes ose enpora | erlng een per orne

Eathb niveobdadkomikresponsiirig tu tai fregnd ﬂaﬁgehﬁd for eeferenceqherdamfter referred to
i nfar on. on di fferences obtained through conpari son

wi #h' ?{8‘“}?&6%%} ock corresponding to a frame targeted

]t or rjﬁffﬁ'ﬁt?ﬁ]lﬁ:ﬁldfé_h Wh@'sdltafdp@fal l@éﬁrs Beuihcbdbs ad nu:hﬂ:l‘eﬁerdeffaﬁe_

rame'). i rst, an [ ora ev [

3 &%%%%@Lgﬁ GRS ?@X barteis ¢ Pdﬁnéfl%P‘?ngmFa by
asperforiiiPsH19 gpaftfaﬂff&lsfonﬂé{ﬁﬁﬁ o Béﬂ’ﬁﬂnﬁﬁg tetnpoRAl ffRfeRRE. The 4

numbered frame is temporally filtered by referencing the original 0 numbered frame

=

stored in a buffer as not encoded. Each block of the 4 numbered frame whose temporal
filtering has been performed records thereon information on differences between
blocks corresponding to the original 0 numbered frame. That is, the 2 numbered frame
is temporally filtered by referencing the original 0 numbered frame and the 6

numbered frame is temporally filtered by referencing the original 4 numbered frame.



performng only spatial transformation, not performng
tenporal filtering. The 4 nunbered frane is tenporally

W0 pdoses®m8 by referencing the original 0 nunberBdI/KR2008/002989
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[53]

[54]
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stored in a buffer as not encoded. Each bl ock of the 4
nunbered franme whose tenporal filtering has been

perfornmed records thereon information on differences
belntbe sarth¢ mekeerciiamesys dhatiemporad laviek1 arei tginpenallg filtered. That is, 1,

Crpor | bied b b8 erhitFty AIBE R Feft ol ik prgina 0,2, 4

n uariakh mﬂnliarexhﬁamm:lretsﬂmhﬁelwmm mninliaredrﬁrame \xmesmtenmbt@][ filtering

t sl ettt Simi® il 8 0107, SinbStel Hapits MHEREL BHp dpuk sforo
1 arhesettellfﬁpolfahﬁltmﬂg s e;eadperﬂ'd‘tﬁfed lage cohapré’sse&tlfﬂil@hb quantization
numbered_ franes are tepporall i,tere erencin

t hREOgESS @ft pLhey) areztemao trensﬁc g lpq, esse 1nformat10g is added
I emp@Edativh b motida vectorsdhedifel ﬁlrtﬁéﬁéng%ﬂﬂ FilleAfiP pfo%lass and other

filtering has not been perforned an he O to
nuRgsEssaEy INfoIFaLon.itp grResatatbit-srcara, ary e by t—%@@és transmitted to the

temaéﬂ-sﬂéﬂh}(ﬁ%hrdgrahﬁﬁlsg%ﬁ%&ﬁﬁﬂ orned are conpressed
t hrou a quanti zation process after they are

t enpd¥espdipg pronesst wilhedesaribedria maserdetad ddamen wisth datkepgolor refer

' Stoatg)q ({ljfl‘?ﬁllﬁé) SBRink® Rrof thEBltls gg %ﬁ& Whiste Fnits 768 (0 Frd& restored
npor a tering process an er necessary

| nﬂmughttheodswdmg@mssat e a bit-stream and t he

bit-st.r .

a 7 NI MRBARES o e oo ISP 1248l ViR ibina o

demanbepatiframe isoestorkd tbyi derfoFmimgasyenset-duattizdtion and Iumerse-temporal

refer .to coded, franme ained fro it -stream

e PR Ty AU bR SR e e sy gl e < orgina
deo adhbged frame s deddded isAestbiedsd thet driginl 4 uahbgred! frﬁma ifrough
at.the te irll]‘z:{_L1 level. 3 is decodedsfﬁhe orlgrrf] (()1
nuiPBERETRRIAlIfesing e Lhegl HYersg-tHaPeY g is Performed with respect

| NG ifesCit @i tempbrlaP levalBitehipoRUIN &ilt e %\%ﬁ'se-temporal filtering is
transformation). The 4 nunbered frane te

f i parfqrawgd gyjthrigspecteiodrameesiah thegemppraklevel ?nt&mewéla ﬁlﬁegﬁ@y
asre@&@ﬁ&ﬂéjth'e%néﬁﬂt Ph@ther itrﬁ}ﬁe Q§ fegﬂo%ﬂ afid fhe 'mﬁfrﬁ)gred frame

frame throug nver se-tenpor al [tering. Then,
i niggmeeallyditissedis inverseeteinpgrally %@rerddx}'rré&rwcmg the epigieal 4
t O i &P the 5@{% goﬁfﬁ’ﬁ{ fhle ship¥ %anﬁ £ RORAEL & th% tefrﬁedo :ﬁﬁ&%i 1
| nver se-tenpora tering is 6rne
t otefnparadly fdteretdm 1m®metempotaﬂy éilteﬂadt €hatos, dhe 1, 3, |5Iané r7 emilmbered
by referenC|n 0 r ane
r eSEOredC T ttﬁmpgrah?j ltSFee abyfreyerenc ipt "%%11“"‘3}%??1 a1
|snmmm£msﬁmhannaeabk@ filtered by referencing the
origihal 4 nunpered franme as r or ed
manndtCCOFHBgiL "Bgflbweewm PbRdent indéﬂﬁEP%{P Fympatible in the
fi bdrﬁéﬂ@bﬂaﬁMa‘mE%sed ts@nrmd : ¢ aldey dédddeemeyl be ghddrated., }lld\hﬁrer it
an nu re ranes are jnverse t enpor a
fi ?110@}02139 WJ eede Bt Srgamice ades @C@Pfdailg 9, hoad %eaﬁ%ams%
nugiBsBfheht MERRotEMplyEhhOi %%orﬂp'ié’(&ly’%@ﬁ?ﬁﬁ'ﬂ)]@ 6n e cbﬁ‘%nltlonal
S

above exenpl ary empodi nment, a vid ream corrpatl b

i nMGTE-bassd ssrlatin sideq/dagndps Hemeindhe tasmacamprsblejmpriies that low-
rraﬁ'e(lﬁi%ngf Bfh3h&Ibeitld Wedfposéd in comparison with frame pairs in the con-

ventional MCTF scheme and not updated with average values of frame pairs may be

compatible with a decoder for restoring a video stream coded in a MCTF scheme
employing a coding scheme in which the original frames are not temporally filtered.

To first describe the temporal scalability of the decoder-side, the decoder-side can



shoul d be noted that the bit-stream coded according to
t he above exenpl ary enbodi nent may not inply that it
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MCTF- based scal abl e vi deo decoder. Herein, the term
"conpatible" inplies that |owrequency subbands, being
deconposed in conparison with frame pairs in the con

v eresioonthe OMUTBersdHeames aitlae tentporab dkvekbd whien ft hay eacaiyed coded

Va%r%és f dJcE)ar 1@&1 endela Qﬁe& 9 dekﬁa%n ofth ?&&%%ﬁte can be
T docRBnE iftispendclt R el

for restoring reamco
e ndbtanyreahg&ﬂercrmﬂomg l$re Benmbered fitainehat ttltaetempogril fextl 3,ribdeeoding is

? L%SB%F{B@ Pgﬁ‘os ol 4 f{l'fie}lrlggt ttlt% ge%é)gag a%veli ztha% ese{rzlﬁ'gs ored, a video

desgdece adidg Claﬁhdiiéthé Gametrie cBn belob@ined. nithesanad m‘alhﬁ:r a video

te oral .| evel it has received coded fra

Prr%j haying r}é?geﬁ@e grams rere@eee%ee‘areaﬁkﬁalﬁswﬁ gan %Olzrrmed
t he NeXERhE RirfofaRcbiRBIH) e Sncofbl-gde aaﬁﬁaﬁg ROthe peestnt
nunbered frame at .the tenporal |evel 3, |f decoding is

s uidyentipgvillsber described, Hiths engoderaide %ader the O apbsreg) frame at the

| ebé%ipo?al a1 B eRD trhf$dr Elfecbodéd L] 'nﬂrﬁﬁer%& ﬂ'dﬁl@% tHeee O S e as the
of the frame rate can be obtained. In same manner,

a Gadiegproeess én@supReRsAY (it issuspendadon ﬁé}@’ Pasi), thadeeader-side can
or fegﬂopé%i vf‘dreé1 F@qéﬁ%ﬁt%et%agg@ ft?ﬁ oPﬁlié&ffanlrge?rate[ gg e Qﬁ?&ia §1H@codes the 0

tenpora Scal a e enco accor
t hmmphee@emme attbe temporglilevel Betetpomllyddters the 4trmmbered frame and

AT 008 RS b TR s e coaime

f r puoeests s intsasphasiodgthe slecdneleaside ban eswwragvideo semendeshaving 1/4 of

co B aar SR kep gt RIS 0. 43m G BRI ippi ey rapsferred to

of the hleccfdea-@ﬁe agthe. cotifngtﬂireceemad Slispehdién m&eenpdtellﬁﬁltenng and

nunb fra at .th | evel
PR g 6 TARBETD F e o EropaEh bl SR egoq side can
COftSEbrda }aAdo éeqmuﬂ&erraaﬁlgf 172 BFﬁletfﬁhIﬁJlﬁted AeoslalmpSb @ Bésent

the coding process is in suspension, the decoder si de

c alveRtiang pYenaviare gagl-SEe APREAEOR A8)atihg toaH the frames of GARs is in-
I afBficibdtHRWMLRE of inglﬁ'iﬁgm‘:(%ﬁﬁllog ’cagabllﬁy%? Gthrér fBéE@ﬁ rfSldcodmg by
franes are transferred to the decodef-sid

c odeggegsiensids dn am applicgiigrpeeadiog real-tige mdmvgn rlfythe coding is only

| e ERURE AR SO HRG: HAfRcR BB YRS Sl AR s ot ben

vr durmcmdqwbwhe\rmuarisrﬁgreﬂ/te th_a‘ dechderfsidentherdet eder-Atlewanl rgstpre any
v1de S rllggcer}} v{nnva n%vep %n where real -time
operar R ?ﬁefrarres of GOPs is in

suf f IRIGem illdserarasr mmji'alldesmhlbosm(ms tin sqaiﬂbiﬁ V1deD codlng and decoding

bi th
C oRE Rt 1o 8 ofReraRemb Ry BaBodientlihe PreSehe inkention.
codi Mhis eaeerplarjr etﬂbedmmﬂt figstrateOm yxaintiste ﬁmlmri@ avileatcoilig

to partial franes, a codec . whose codi n ith
R SenfHIVERaR 18 2ppliiapan e tohed scalabie
degi@gd®todihgfroctfde decoder -side can restore any vi deo

sequence having a |ower frame rate.
i | | udn camparisonoh dedM§dthased Wtdee ﬁQdIPE ae@ Qrca’érre shpgadn FIG. 2

c OQr!itH thae gh&t%?ﬁﬁl@ 426 S0 B REbWiPHhaN el MeE dIERIR Ladikg sequences

enmbodi nent of present I nvent1 on.
by the encoder-s1des That is, the temporal filtering by the encoder-side is sequentially

performed from frames at the higher temporal level to frames at the lower temporal
level. This will be described below in more detail.

At first, the 0 numbered frame at the highest temporal level is not temporally



[58] This exenplary enbodinment illustrates an exanpl e

in which a video coding algorithmaccording to the
WEe@sesc08 nvention i s applieditto an UMCTF- baseRCT/KR2004/002989

scal abl e vi deo codi ng process. [59] In conparison of

t he UMCTF- based vi deo codi ng and decodi ng shown in

FIG 2 with those showmn in FIG 4, it can be known

t hfittereth butemenely afided.cfhent the ddiumbersd duasecie serhgoralhefiltered by

gﬂ%o%gﬁ“‘?% %g%né’];seq ent 1 éﬁ? thg %?ilrfcel% 'ﬂH%lﬁnw &yfrm‘?at the

t htenipogdi devet %rmebraﬂly\féﬂerddd)yfrefmmmmthe bagihal\Qeand 4 numbered
v Th| wi | I. ede ed W in

FBRESlnd i 8 b it s BRERGLATERY PErdehipgBie origina 4

h i gm;iiﬁred farpe. I‘laihtehxpmeirl]lylfﬂteﬁ Qﬁ%ﬁz&ﬂg@?ﬁl Hy)tfafei‘érﬁﬁ%dwbtfta}mes

ey e Then, the e r .S tenpora

£ rhnlies dhab @*erfé%? @ﬁ%frwaﬁh Bltgred by sa calied ifiestiophlrmregigtion.

Af TRéredfte® Nthe 1 iemBered MRaead tHe tafBorl levBEl isQ&’ﬁﬁéraﬂy Eﬁ&l@ﬂ by

21is tenporal ly filtered by referencing the original

0
anteferenging e ogginalihend Z pembered frames,ther Taumbesgdbfrarge 1s temporally

t eﬁﬁ%@ Hf Yeffn‘eh&ﬁ%% &birafh ﬁﬁ@ H ﬁhlﬁgertaﬁ‘ Eraffeb 3h& 8 hufibered frame is
nbered” frame o tenp or al y [ter a Certaln franme

yterrmp@lbrfdrfmi bmferrﬁmthp @ﬂgliléls4 aikh nynphered: figraes, gnd the 7
|
r edi c:e{i]él:doﬁrém{l Lset rg{relggrtagy fﬁlg‘he(a%fl n%' gof ﬁ? ?g%‘i;ﬁ 0 nuﬂg)gred frame.

[61] t enpditgldeteding process seayaptorrastose v1t1eceateadertvp throfigl iemerisertemporal

RS Sh R b A AT E LR RR el e 3 nuTber ed

frane | ora erencing the
[62] ori glAsallus?IraMdJIm4hmerrrbmhnﬂmfslmwasn FIG3, thenemrbderesilde asawedl as the

i s,tenpor. filtered r. e ori
o SRR b o el R 155 bl fhfifgnt“since o
t eﬁiﬁﬁé(&idnul preditesebadeyl tereporaleed] igudetién thelegiibddimént illustrated in
E{@r ed. f rame. .The de .0di n rocegﬂé mg) s to
A Videq corgressigh, é?ﬁ?é P4 F‘b@‘{:ﬁ??’ﬁew &mpg %ﬁa“ improve
f | édrﬁﬁfei&%ﬂ éfﬁf:l'éﬁc PR RNHRABIEE ¢ Wded CorhpiBssidifiddeBrding to FIG. 3.
process. As 1llustrated in the_enbodi nent shown

[63] in FIHG. 3 ﬂlvcs ateg hicgaeicalicading forgdecpding)- ¢ he
[64] decodgy &éﬁﬁa&a&nﬂ&ﬂﬁeﬁﬁﬁﬁﬁfﬁéd ﬁ%t;a@ Eﬁéytﬁé depictddiifi a hierarchical

exenpl ary enbodi ment. Since di recti onal
pr Bahuaria in BKs Sdor easiss maderst@n@ng pEthg peesentriny¢nsion.

[65] enbo%dimﬁgtrdtéd ﬁﬁ ttﬁeaifrﬁﬂe d egcl:hq:e gwgra\.f leq'@parg g%npgs?g ia}g Hodes, and

according to this exenp ar ment can

C orqﬁf;remsng)cmm&ctums @ntweeas;hem mpan@datecb wuth@rmwde’fuo describe FIG. 5
ess ace rdin

Ol nﬁfsl tresg?&% cading pro ga Oit ércr)lelh%sgth t[tge glél%naéi frarr}e co[ngiliondmg to the

Thmocteﬁmm Iwhu;h androo seang canl Hajestefaem frameHoGtendpona \filteeing of

hi | i | 5 f ;
e . TR O TOnATE A e e e 2Bk priggs can be
I | 4 h@hffﬁﬁﬁ&lcy&hgbdnﬂ&eﬂlg@ﬁﬂﬁf ﬁﬁéreﬂ@?hefeﬁlﬁbﬂag?he oripvell frafr@ of the
n es an r r onnectli on
F%@efs P@i@%@% aTRy;siatise fo a; %\F%B respegt @@siﬁcpﬁl@g process,

F' fae %Fi’i’arﬁ@é&?e% oftdn@totBE h&dk RE6AGRESh arl ArrdWBlait§ 8an be a
that t he or|g| nal frane correspondl ng to the node from

eégrenge frmmeior sivarederpprablilterinesafangtheeframg andithg frame cor-
t ef@}%rﬂlmé folth@hdda%t Yhich the arrow arrives can be a high-frequency subband,

which is ready to be restored to the original frame through inverse-temporal filtering
by referencing the original frame (restored frame) of the node from which the arrow
starts. In view of the encoder-side, the term 'original frame' may refer to the frame

before temporal filtering is performed, but it may refer to the frame restored through



anot her frame. The frame corresponding to the node at
which the arrow arrives can be a hi gh-frequency

wQ awbasog enporal |y filtered 12y referenci ng t hBCT/KR2004/002989

[66]

[67]

[68]

[69]

[70]

original frame of the node fromwhich the arrow
starts. To describe it with respect to a decoding
process, the original franme corresponding to the node

f r mvesskrifidiering obithe gadest frahg inceew o the desbdaresidee f r ame
for i ral. . filter]
the RSB SRR iy P Ra be BRI pldHBRpoilvel. For
ar exmnpﬂe rif ¢ sbowemthabenlg ohe djianferaﬁqmgrfmyneswtﬁ b &P covheciin the highest
is, read e .r.estor d to.t [ t hr.ou .
| iR b O S Bemniy g o P amb B Brotp g il ighest
f ral’ﬁpofaﬂ ¢s/el) ibechuk¢ Rit@Y C(;ilfs1dr(]ai‘ml quﬁtlbﬂlqnwwhd itiedcdnivéntional UMCTF.
ar tarts aQf . the encoder -si de erm .
grpe frfdgﬁilavwg?hq, highest tteglp{) ? ]a]ﬁ,élob@l‘g&g tﬁe {nerarchlcal
t eﬁﬁﬁfu@és dfithd Rfipoehl ififteRs Hroceses b)btl'ﬁe ehéodeRYide @h@ fhetdécoder-s1de
t he frarre restored throughjnverse-filteri ng of th

coten b Ao Ao W BTt Eloasig B IS JRererhag todhs figre, the 0

|| hutperad @imo Aoled RS RN Yrafo AR, SApoPA HIRARE fehdt Berformed at
each tenporal level. Rr exa it I's shown

onthg héﬁ‘i‘éStft@Iaﬂ@ablﬁﬁﬁthmah%@ SI@ igBranddhe 4 nllmbeqqé frame is coded
{ h 5 BEARAES b F by rdithehlthg aRXEBR PAmE BPAE MR fHbered frame

be@taths mextterhparaldoveali ’Hmedleéarq:rﬁlerddu frameylswpdebd tofahigh frequency
h| g Q{ld ?}2%&{?@@{ teh\% SQleer{z@sZ@rth%%??fd Eﬁ&hﬂ&e& ?rgmes and the 6
hl munsbietdd frarhe &t coded tor £biglo fregiemcy suhband by ukd dfcthe prjginal frame of

DT ATBPEIE 0 R 6 PRt ool ET B0 aprcire eoﬁ“%yto high

Refreqdenag subbaidy 1 dse @€, 0, 24 afld 6 nodabered fiamage i s

e YR R R I Sl

Si g@nbetedfraBd & ddd6dedll ByueheERehgf the f&tdrsd 0 afBBerb® framb! Elh:he same
frequendﬁﬁsubband by referenC|ng the original frame of

t heapnes raad ornumbgredframes aredacodedpbresgrencingthe storedi0 and 4
b REH&I LHEBR e B 3@%&&'75%%@& Bfamie§ %kaé@&déd by

subband by refereri¢ing the original frames of the
anteferernimg the eestored fe,, 4 @dcﬁ franees nunbered frame is
code

ot g ik (Pl SEAUER Bl BLARBAY MIeiB; e depRie) spting from
1 thg frafnezat dlleﬂnghm’wnmdalﬂemiabe seadablovideo cading gligorithm according

enge bban 2 .

R pPHRLEREG Bt Bt i B or e 1588 g feooger-side o
nummrtelﬂpérahwalabﬂuj? irst decoded. Then, t he 4 nunber ed
fra

e PR G0 AR, 55 R cond e bocn

n uc@gplesheﬂ ba lfra’ardea?mg dqmﬁdlﬁg d@lyefe&hﬁé ﬁ'?mbil&fﬂehﬁtlg tfenethe MCTF
n n ere r amgs astly, the ..

nu ipgﬁﬁée%ﬂ%ve%%@é%}nwsr@?@r@n%ﬁliT&qsfﬁa Conditions to

r eﬁfaﬁftﬁﬂ tHe terapordl sHathbiit] bathER thd &RbderLsidcLanddh&déddBer-side when a

encoder -si de and the decoder-side code (or_ decode)

st WAL PRAVERGSHH fqﬁ@rﬂ bnencedingirad deepding the islep by rp@tﬁ@rcmg a
thﬁl Fﬁﬁ}éﬂe?eré’ﬂc‘é?&nﬁ‘e@%ﬁ%e%’e&?fbb& BBb@ccording to this

exenpl ary enbodi nent al | ows the encoder-side as wel |
as t Heis@ssumgd thatFdle indjcates a frame having the k index and T(k) indicates a

temporal level of a frame having the k index. In order to establish the temporal
scalability, any frame having lower temporal levels than the temporal level at which a

certain frame is coded cannot be referenced. For example, the 4 numbered frame



have tenporal scalability. [69] In case of the
conventional UMCTF algorithm a video sequence could

whas/ofwes conpressed by refetdencing a plural i BGT/ER2004/002989

[71]

[72]
[73]

[74]

[75]

[76]

[77]

[78]

reference franmes differently fromthe MCTF al gorithm

The present invention retains this property of UMCTF.
Conditions to maintain the tenporal scalability both

i ncannet referentertha? denbered frame di setidinddfefentneimgsis pemeitsed, the
se i t

o1 GUBAIE o & SRR oLt AR ARG S 4 punbered
wi frhmb ealdeuﬂyrbekaedbdm%emhe Z ﬂl@l]nbered frameabasbeed codhak). &@kt)of
|nd|cate r.ane, havin eklde nd . .
DR df g cph e FeGenese e ARG isletqpmined by the
i nfidbowingequatien. t o establish the tenporal scalability,

any frame having | ower tenporal |evels than the

tenporal level at which a certain frane is coded

ca athes 1 €f erenced. For exanple, the 4 nunbered

fra cannot reference the 2 nunbered frame. If such

it 0L o His Tohgor b roifos (1 hat is.

the 4 nunbered frape can |y be coded after the 2
U SHIEEE | FelFS (PAR MIEE AT 2. ggpce ammet of reference

framgg aiR meéﬂﬁ'nﬁah ((q@n kr@k)ﬁ Sﬁcﬁ(l%nﬁﬁQmB}iesI et fh% ?{rzl]ﬁle"i:(d@ is

is determ ned by th | owi ng equati on.
Eqteaposily filtered wﬂefqreqt{lmg lﬁ;sr:éﬁ@)th%ﬁenmemé fijterjng pippesg fep called
(1'(11'tr3)1}1})de$ %ﬂch"%‘ﬁrlﬁ: dksérﬂfeﬁrlzielt o an index of a

reference Trane. 1 the nmeantinme, ((T(1 T(kg )
and Aceeiding fprﬁﬂua@@l ,Hh@ cmdetlcfnsé@rman(tkl)l thesscatahiligy hothyin the

r Hc%ﬁgrds@é/aﬂdetilg ﬁ@%‘&%ﬁ&d%: f;%gﬂ,é ar}a[}.‘gg@ & f ﬂB‘gg,gr al

errng process (so ca which w ||
be d é%herehhnﬂng prioeess opetioncaro th fnﬂongEiq (Ericodeth, firktHfeame of a

h bi
o O8R4 SR SR Bt SRR mele! Bl A8t necessariy,
f otol afiame [ X TjamEh Wheﬂmtﬁﬂipfb@l ﬁtltelf&ﬁghasamﬁ bedn penforided 2 Fer the
t.he 1 I.S [ a

.a as .a
t PR A hs e B Bt ALt e R pds thgfames,
b Ui‘efé}@ﬁcm‘? HESIHRS fefdtendeTrands satiffyind Hquaion) (1WVasBe same temporal
tenporal Il tering has, not e%craen %cta\rfor med. 2. FqQ

t he
f r eivels therdrames apesiicodedindhel Ok i gl of the lowest to

Pr gighdst e MEx&HCP d&pkit%ptefaﬁaﬁ ) i S Bt sRRS Sdol&d, and
reference frames satisfying Equation (1). At the sane

t etheb eagode dhepext ﬂﬁ? witd gpeodingefos al amnes ig gempleted.
left TR dk b&ﬁﬁg Ebﬁtl&ﬁ’searg 'EH%%IIQ&H h? 1) éﬁletfﬂ'st f]rame ofa

hi ghest rarre exe Repeat ope atl on unt i
al GOPn@. Eccaxdeﬁ.heafwnm dleperebxt moraiweénsmgierqphlerefﬂsmce frames

Gq;m&[ﬂé £1Lea89 ‘a&%dg@ ﬁfaﬂlres %1] thé Ea%né {eﬁﬂ;%l?'al ilesvef, ?ﬁ@l‘rﬁh&%\re decoded in

the left-to-right order (in the order of the lowest to highest frame indexes). 3. Repeat
operation (2) until all the frames are decoded, and then decode the next GOP until
decoding for all the frames is completed.

FIG. 6 illustrates possible connections between frames in the course of coding
while maintaining the scalability by an encoder-side. This figire shows possible
connections between reference frames satisfying the conditions of Equation 1.

In FIG. 6, the frames marked A are intra-coded (that is, reference no other frames),
and frames marked H indicate that the concerned frame refers to a high frequency

subband. The high frequency subband is a frame encoded with reference to one or



[ 76] The decodi ng process operations are the
followng. . Decode the first frane of a GOP. 2.

w@ewsdsscohe frames at the nexts tenporal |evel BGI/RK§2004/002989

[79]

[80]

[81]

[82]

[83]

proper reference frames anong al ready decoded franes.
At the sane tenporal level, the franes are decoded in
the left-to-right order (in the order of the |lowest to
hi goesfrathesame | ndexes). 3. Repeat operation (2) until

e T

[ 7¥jquétide.of B i) (l2u®t (laBSS, 7Q<felslillhkteatwe lpnfposfnsohsadnletﬂom ¢here is little

8 5y 5B BSOS S B e

po&mpbirz& séeﬂibib@tevem whbe:tlmem tHeadeqlichice efi SRIERS)), (0, 2, 4, 6).

S i ng the ndllonsof quation 1. [78]. I n FEl

aﬁ#ﬁ‘@ SgriHgfem ieqmce. qﬁzg @o%eéll (3th i Beﬂmss%le In other
r efyordaNafy fandstdd ee tfefn@ﬂﬁﬂi Jeverhsk dah 3am@Fy tHRIdaesUertside temporal
i ndicate that the concerned frane refers to, a high

f r ¥@labHity aad thedseodersideriergporal scalabitiey a@lpssaﬁables a

fr am?&selﬂﬁﬁﬁﬁéh WHIE 68 B5BOES bORBEeLH TR 'i'ﬁelfeh@éﬁ%srmlltlple frames.
[79] In FIG 6 where the size of GOP is eight,

t B neg of ayltiplegeference fames & em@oqlehe fremg @bwearbmbnatwn to

rém@ase thd t'aﬂ)%unéof r}z dsEJl orf el r};%oﬁi?ﬁh%ﬁlﬂe of delaying

tion, erels In ter
enp@d@smgl Bakingthyomed cmullemuph,l Iteiferemd fraimes teewode a Siate are

te

of %%{r (? %)atlv%b(lz (6361- rgalowgfﬂrg?lc %I\iM ﬁlstlég %%gpl?&ﬁcb?rgdrbgfments of
| eme!pra_enmnvmmonf H&,euﬂ‘)elo@&o the4r)1ax1(ni|m ndmber; of Akference frames to

P ebog i ot WL fontRufita uff Funb8lRRoRE pelfaes available for
t ergfrtiding GR! feddhdsiHayingnhe tlosestiRapdeil ditahee bergsed ad reference
(AR LM NI N
Wéihﬁﬁh? thi@@B&nt Bhihes iﬁ%ﬁos@fvﬂ&i |séqdéh@esr ef erence frames

to enco a franme shows an inclination to increase the

amours descrabedabgys; thestsme afthe bighest tgmpqraltleyal mathihy GOYewill be
Ui & cRbediRIGW b8 Qleﬁﬁﬁ’ﬁeel%rgkgtae he T fidind fHasx bv'i‘thcfespect to the

consi deration, reference nmes to encode a frame are
C OPReIRAATH embpdlmem justforf ifpstitive |pr1m§>s¢So ﬁhus ﬁerqmléthemted that the

| ”fr&ﬁl@ @-{gxerﬁgmgﬂwa% ¥a fr?rﬁ é’rﬁ”ﬁde%n

Her el nb mum nu er o nce ranes
e n c o dﬁGeathstraiasrmfwemmg) bettmns frasies eﬂneughbmmg (:QRseo j ;lncrease
S for re eren

anes. a

o Helch oL R Sp' e EEL SRl eht b B
r eingetiome franes to encode each frame. Th| S i s because
cl osest.. franes act. hi gher [ than .
G ot anIF Rt e ot derrrdio® tp B prfehl ntion can
ldeerﬁslbdb a6dmab ol refefecd f(ﬂagpluaﬂlt)t bﬁfgﬁh@b aﬁ‘ferérﬁlyrfﬁnﬂ khe con-

eve e descri pe ow a
f r&%woa%!\hqﬁﬁp TR sers e TeriEne axetrﬁflerﬁ‘egﬁ 2t bp haeferenced

exfiFehéddin BelPRB o a GO, Th Bthet Wokth! frathby @nfBé BRI with
Thus, it should be noted that the franme at the hi ghest

t efefRIERge tp @ fEmehejongingoppather HOPita gnhange avideggpmpression
' n%’élency, which will be called 'cross-GOP optimization'. This cross-GOP op-

timization can support the conventional UMCTF algorithm. The reason why the cross-
GOP optimization is available is because both the UMCTF and the coding algorithm

according to the present invention uses A frames not temporally filtered, in lieu of L

frames temporally filtered (high frequency subband).



[82] FIG 7 illustrates referencing between franes of
nei ghboring GOPs to increase coding efficiency

W@e@wssHepsy t o an ot her exenpl gy enbodi nent of PETER2004/002989

[84]

present invention . [83] As illustrated, the video
codi ng al gorithm according to the present invention
can encode franmes with reference to a plurality of

f r ands FI1Qi 6,fverenrth¢ Y nimbgred frame antewpotalkyfdtereddyFway of bi-

F o HRikb AT Ak, |2 SRpAREeE s R UL et d B T8 e il

ot framesofi ttis 0, 4 amh@ aumbered framas dihe ¥ mintblareddfamecencodddoatahis time

s e —
' cwhesHEOR (bl fratd @ftrencEhittR origpRBEERoDMe D Miibataddrame of

can su t he conventional U | gorithm, The ;
r o€ &ﬁ%‘i@i’t(weca&ql Wit %&@P%Et {P® MumbetdFragy @s jllustrated
bemauee 7b@E Acéuhinlddh bF pruaittioh %rr@ﬁdhi};gb@é(ﬁﬁ?ib&ﬂﬂy reduced. This is

accor di anl to the present invention uses A franes not )
t ehgsarse thg 7 mupbered framepeferengesshe closesh framerag thedempeigl level in the

F1 bdupscst eip&il fikGTHEC HEHRURD SREY the S undbidred! ffamPat tHt GOP
the 7 nunbered franme is tenporally filtered by way of )
bi ash yeéerencsfeamepis adrasma v terpprrakl e ffiered (thas IFatlé?fﬁ-ﬁQqu%, the quality

8,961285 zg-@gz%feﬁ ffaﬁfeﬁfaﬁ bE ?e&&k%rtﬂz eijﬁérg%%ga\*’h%ﬂ ??@cﬁg‘}farﬁéﬁ decoded

nunber e ranes. ere
enkythedleatderside, the fmurbered feadiecis decoded pud eestgiredwhére tige, cross-

¢ nE 0P B BFCHTF o o e T o i BARY R gperse-
t heentporal fibeeriegl withaeferente tdhe nesxdreddDiRuhbered filamie| @tdethe 7

wth . the current GOP,, the 8 nunbered fr.ane) a

" ftaterd 4G ¥ erpredgnropigy My RGeS 1AL i Bpeferony to the
er fedtotedByuniterédfiame. CAat B tind, eftuadade i itlsd oubRaAE WSRoration

:E n(f71 urr?]g{)r%gg{?rgﬁlg‘sﬁgef lgerrg %@E%ﬁ%stg)lgaglg% gqlihre%ﬂrr‘lsmn%tered frame

f i sts@drédgnd WherP@lE Ttiu@BeredifRER: it RtdledUn® 8¢ @ftulafed MHodbver,
the next GOP as a reference frame is a frane not

t evrperedhe grops-GOEqpimyization is applieds the 7 awmbened fame can be restored

qUkth tdferthcd Ahd 0 RUBEEE Frafde3 theGRRt é@ﬂﬁféﬁ&*ﬁﬁ:@ioyed (that is, the 8
enhanced. When a coded frame Is decoded by the

derwaheredsirarae), wheretn theareie paky aANreRIoE v&qhgn d&dﬁt@édnwred frames at
regk %ﬁﬂc@g%}@rﬁ%&%a‘: Ei?ééthe CRu®REddHA 1 E&tér@% Bffbugh inverse-
t he nu t hroug

done, ered frame is restored
i ntespoel diltpong withireferanceity the Omumbéred drace afdhe hext GOP. In

restore nunbered frane the 7 nuphere IS ..
 CRP BB VRPHERR ot Wi fiE of s PR S, e oberation
r efeguenteaclativd todfranstmayelot h theisdgaeme of 0adx2, 1A8, 8 (0 of the next

ti er r.or e in the course of, restorati

(| O a5l 7S olgtation seQOefcR Sy e te ey 1D 4,8 (0 of the next
r ﬁe}tm),ezj 6, WB g a]{nhe' Wwhereinlles ekt Ggmrmay be &d mee)?da@g 48196, 1 and
t n red frane | S restore are ccC at ed.
m%ﬁ%ﬁ@%@ﬁéﬂ%ﬁ%& e—éﬁeﬁenlr%fﬁ Ghhe dompgs cpsey whereas the

t hEind RIFIRIERAa) havia &¥Bn-BamkasteRabth the ldier 8158 18EE Stht Pinal
the 0 nunbered Tranme at the next GOP al ready restared

( t ey time megps g dplanbiEedgneaiedulye tawhe algorthny Epedf, exclygiyg of the
aNo&Iratfin HREBE EftBdiRgAd e A% dnsAE8n #me of data encoded. That

is, the final delay time refers to the time which the decoder-side requires for playing

video images without interruption when the video sequence of a specific frame rate is
compressed and transmitted to the decoder-side. In the former case, the 0 numbered

frame can do immediate encoding and immediate transmission at the same time with



the next GOP are restored, since the 7 nunbered frane
is restored through inversetenporal filtering with

WO 2fos0steee to t he O nunbered farane of the nextPCIRR2004/002989

[85]

[86]

[87]

tenporal filtering and inverse-tenporal filtering as
structured in FIG 7, the operation sequence relative

to franes may be in the sequence of 0, 4, 2, 1, 3, 8

( Ovideo phasograpltingzom) the ¢ nubened fiameasn@sgoripmaegliate encoding simul-

BTG Rl RSt Rl R ol e gy Pl 2

i nnuntterat fitamesodhodld farst 18 enSodel ianen®. of Theeviflemsdquerele agnd thus, the

o 0o EHPE T L e PR B e R0y Wl the 2,3 and

sey ﬁﬂnﬁéradlrﬁamei axre\adll phiotogtaphed aftdrehe T aanberteframe hiebeen pho-

final a delay tjinme gener t
t hieL3p M‘Hf Pfrgeg&'ﬁ%%@xémﬁs@t -frpme fpie a@ﬁgﬁve&ﬂe@ The 3 and 4
of n@nksepet ﬂﬂn@d’&ndﬁqﬂﬂhdd%t@l dnédded ITkSHES Rinké R %mﬁiﬁir@l frame
encoded. That is, the final delay tine refers to th

t i ivdeqyested te eeode thedlenumberrd ﬁr@aﬂamtéé lattgr casethe delay PER@dS the
' W@%e%femﬂ‘ BoktMnthé HRideP And ARG Ja@@s HieQ%p&%ﬂfé%i%ﬁ fﬂfm input
s ecific frane rate is conpressed and transmtted

the yiskee seqiicaes phatogranhed & awtputafdhe vider sqmuﬁwes’c@r@d can be
fr 29 SR vl 'b?etle encodi ng and i nmedi ate
trans SSI on at same time wthvideo phot ographing
but the 1 nunbered frams cannot do i nmedi ate encodi ng
simul taneously with the video encoding. To encode the
1 nukaiedd frane, ~the 4 and 2 nunbered frames shoul d
first VARS=10 seq €, _an
t huslimehe vi deo coding rel ativé% ﬁ ére@ 7 8 9
frg ijohe; anky: af t ¢r the 2, 3and4
nun‘ggrteg fp’?eglrcrgg?gfr‘*éEa}% ls’hsd?ograph%d4af4 erdthe 16 7 8 12
nuntEmeadvéitabteefoherccodimgn pho t ographed. At this time,
t he | a tlmaatanramslntr I 5i 51 geperpte he
3 ar‘Fgg fibered frames can be :Bmvridl at el sdlengodgd gheo 3
Li Kenititeseqaenae ef 0, MeZ;%,nuajpSgﬂed frame_is requested to
endqde the qJBchggE d frame in|Bhet | &tt%r tas®, Phel0 11 12

del |aymeayl A€ e intedval  Both in the forner
and Ih@;ets% &GRS8E0, 4 Be2 teempprsal [rel ation frominput of
thd vid eoﬁ%equence phot ommpgpﬁedotcﬁ odit put »f 8hedvi 8eo8 16
sequdmeaviilableforencodi®gbe arranged as shown in Table 1.

[85]De] ifel Time 012345 6978 § Iy the seqpenge o 7
of Q) 1, 6 7044446 6¢ 7 812 Tinme avail able

f or| Tetwowiwpcdef Gy, 8i 46, 0, B 5271 (7)% g go 13 813 tll:?o gy 15 16

igquﬁrrﬁ%eavgliagle 8t d&odle 1 3 5

Meanwhile, when the 4 numbered frame is encoded, the 8 numbered GOP may be
referenced. Even in this case, the final delay time will have the 7-frame interval. This
is because the 8 numbered frame is needed to encode the 1 numbered frame.

With respect to the exemplary embodiments above, an encoding and a decoding
algorithm allowing the encoder-side to have a scalability, compatible with a decoding
algorithm with limitations in that frames are decoded in a specific sequence (in most
cases, from the frame at the highest temporal level to the frame at the lowest temporal
level), and in frames available for referencing. The exemplary embodiments of the
present invention make it possible for the encoder-side to be compatible with a

plurality of conventional decoder-sides and also to have a temporal scalability.



Tinme avail able for decoding In the sequence of O 4, 8,
2, 617088888888 16 Tine available for

wWepesmsyes Delay tine 0 7 6 5% 3 2 1 0 7 I n theCT/KR2004/002989
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[93]

sequence of O, 4, 8, 2, 6 1 7 7 9 10 11 12 13 14 15 16
Time avail able for decoding [86] Meanwhile, when the 4

nunbered frame is encoded, the 8 nunbered GOP may be

r efecardingdo thevpresenhinyéntionc theencadee-side mady tgedllayved itorbave a

W 7-f 5 i ) Thies, i

" BN e AT AL S0 b Sq R AR e
f r mventidn8ijy Wigroveethp entoded video quakityilyasupp@tibg tiermeotssGOP op-

above, .an .encpdi and . a decoding al gorithmallow ng.

¢ PEIZALE Fie e b prencny invenigns mak eyt encading and e oding of
W Videos e tmpdiongdich@oembilisiamé tded andiiinptovenent of gidtate quality
frames, are decogllgd in a .sFecifi c sequence (in nost

c abEushdntggoagrablork predictiopn e hi ghest tenporal |evel to

t he fIh @icasd of diRoliAPRAY dEQARRY FlvidedY Bhying AL didhofonue $rame

avai |l abl e for _referenci n%ﬁThe ,exenﬁl %ﬁ( embodi nent s
of Tafqsethsy By also hesuRportnd bydRe existingglUM (iR cqding glgyrithm. In other

eGOARY 18 LACTP-tASeQIRBIL ich obllr 2aR bifd dctpRfal filering with

conventional decoder-sides and al so to have a tenpor al

s cepferpideite g ditavlydepdatedrampeaspydbastthe plosedfrire in ¢ayepression of
eng; : S| < I A | al | ist

PERE LR TR SPEAL' Bk SO SRR A S kel s,
FUUM(CSTE-baded tempaerehfiltéringas pérformed\byi setting Weto Shrambared desanes to ‘A’

Vi S by EARRH 6 iAok SRR Rrlooly slring fogm. At
enthenlj theg 0 andbeled Geimegind fthe/3 damlserédframg arecconthacdd) tuadrthie former

frame rat and i mprovenent .of pictyre,qualit hr ough

| PR et By Ao taimg pRd e G sy Soufb e, i ) Btetemporalty

fenﬁna*'emgn ANIprd &0 ﬁivﬁ@ti(ﬁll‘, videg €04inp Auving gﬁﬂgﬂidﬁ?ﬁiﬁﬂi@ TR rates is
ra at es, . € S orte 1 . .

o PGtIabG: Bt HMESET i s GeTePen TORHG CHPH PRI UMERE is in tha

UMaE 6 haibefbdSeahciB leficodet 89 2 HaRRQInd $Re3 REhb&REdTrame is decoded to

tenporal filtering with reference to a distantl

s effhHaframe witharefesenge to thgorigmal frarge afithe Opymbered fryame, and then,

Coé%ﬁéssi,%_&l%dSin%ﬁel%ﬁ%éﬁi%‘é%'li' FomegXxanpl e, in coding

a GOP conprised of 0 to 5 nunbered franmes, UMCTF-based

t enpdntr marioblack meedicsiopdhereinafter neferredte psgntr predigtion’) will be
nu - ' Ar~f ganmes and 5 nunbered frames to

H H%?%ﬁ%s‘?ﬁgﬁéﬁeﬁ%nm%ﬁb%r ally filtering them After

t hen FIGh8 iltustrateb e pbutality sfircfeneucing smodesusetd ¢o adrdasathe coding
ar e~compar ed. ..and the, fornmer.fra i.s set.to "A fra

o SRR AR fo bl S G ERb1e] BifBodifieR Py e prestons iR on.

t enpdtlwtia;edfi'n [Fi@r &dre (I hforwerdgredietidn, (2)\baokwand, predictéom, (3) bi-

COfirdt orqﬁvﬂrer]cﬁct{]o%n(b(rj 'w%%ﬁtteﬁ B Sre(]:ctlro%r}r;wpfec{igtgo% and (4) intra prediction.

Conventionally, three modes of forward directional prediction, inverse directional

prediction and bi-directional prediction have been supported in the scalable video
coding. Further, the present invention comprises two modes of bi-directional
prediction with weighted value and intra prediction so as to increase the compression
efficiency. Application of the intra prediction can improve the coding efficiency of
quickly changing video sequences.

First, determination of an inter macroblock prediction (hereinafter referred to as
"inter prediction”) mode will be considered below.

Forward prediction, backward prediction and bi-directional prediction can be easily



avai l able, as in UMCTF, but the difference fromthe
conventional UMCTF is in that the O nunbered franme is

wepwstsdot o ' A frane and thel&8 nunber ed fr aneP¢EBEKR2004/002989

[94]

[95]

[96]

[97]

decoded to an H franme with reference to the original
frame of the 0 nunbered frane, and then, encodes 1, 2,

4 and 5 nunbered franes to H franes. [89] Intra
rramabmdmaqss @ddtrcqtmal(medleulmmdarmltleleerﬁfemcc érames are permitted.

TGRS RSN e

r ebeeu&edcbut ghem(ebﬁqala:y embbdnmantsrqfaheepltekmlt umdnimrgl employ a motion

ot PiefsBE CERREY RlofR o KO 18 ke oSBT P RHet. £ R Ritegadhat Bk -1)

a r ﬁ:fe(ri )o the ISver of Aﬂfselﬂme:DifmenceQ Qhebaﬁdfm refepédmdi S AD)) in the k"

Plélglltrfrf gtl(lﬂ]? gﬂ% Eﬁ; %reéﬁlﬁjto( g tqt%]/.fe qugnlgﬁli, ﬂgf(hl@tt? b, allotted for

Coqmﬁiﬁking madtion, veb fokEia thofRw al prédEteH. dikdiviseCit ﬁsﬂal%&hned that E(k,
predi ction, inverse digectional prediction

b| + i refest fogha PAR adhe ki backwadpisdicHon anhBik: e“g) reders fruthe total

S C Akt Sf Bitéj%%ecﬂl@ttéwfor Ak t8ie mbtién Qé'c?(?rﬁ E}I the BYER4:Q %redlctlon,
conprises two nodes of Db|-directional prediction wt

weEdn “beefearataibie Sad imthe & bi-diapctonalpredictien ang Blke lougéass to the
they deﬁ AMRb&ESSHHAS t&hd | Mfdt%ﬁ cféfr %Lég Hhhg ﬁ#dfugﬂ vgétofsrlﬁ %ﬁenﬁl I @rectional

predi ction can I nprove

qupredtictiontead Qi(hg#)\refdesdo mzéboek bf- 912¢ct1©nalsnr¢d1°t10n with weighted
d

AL LMY B 81 RSSO B BERE 6 yBhliring motion

Wi Véctdre ircthe bi-decbnbipredicti¢rD®]th ﬁmglmddvaﬂlree The toso fior forward

posaSra it Gt hal Bfsiioh nisip P 3 biRitisibl SR8 witn

angeighiel ivplue caiebedentbed wahespadt@o Bgiidtiont2ed. A
wel | -known Hi erarchical Variable Block Size Matching
(H\/BSI\/p aI gorlthm may be used, but the exenplary

a‘fu of the present invention enploy a notion
pre |o of a fixed block size. Rr the sake of
convenience, it is assuned that E(k, -1) refers to the
SunG #\lﬁé(&-ul)ei-ﬁﬂ(ka]énces (hereinafter referred to as

) in the k forward prediction, and B(k, -1)

refers to the total nunber of bits to be allotted for
qua@y FzE0k, dtABd . bbct ors in the forward prediction.
Li kewi se, it is assuned that E(k, +1) refers to the

o Ene (kD) RABLR HPBE Db neyal 1 of cea Tor

qula(\ntl zZi ng notion vectors in the backvvgrd pr edi clti on,
E . .
pEe watT #3'*8'?@0‘9) %rAé'Téflg ]Be ﬂe tolt ;FCtrlng‘ggr of

bits to b for uanti z n.vectqrs.in.
the BYhes ﬁgaa@n xbgr&fegtt? Ests %ﬁgorﬁerﬂ %askwaé ilsdlf@eﬂonal and a
t hii-d¥etibial réahctﬂinrvﬁqi WeBhted RaRE ;pﬁédh&ia)n%éd%s Weibtiedy, and P

val ue and B k, refers to the total nunber of bits
al Tedgrs &ya wgieh @Qa‘(ﬁl“iem ng notion vectors in the

bi - diyrig ﬁiagﬂaﬂélalpé&q}ﬁﬁtzﬁtqa c&‘ﬁt}(h tﬂ@BﬂﬁHc@ PhedileH %he mhBfon and texture

cost for forward, backward bi -di recti onal

pr G ibisp. Sinereibe sealtblevidpo @Ililqoéelt ¢agnell knomethie Einpldnt-vatesh) should

be optimized with respect to the nature of the video sequence and bit-rates mainly used

in the target application. By computing minimum costs therefor as defined in Equation
(2), the best optimized inter-macroblock prediction mode can be determined.

Under the bi-directional prediction mode, a certain block is encoded by recording a



wei ght ed val ue can be described with respect to
Equation 2. [94] Equation 2 C = E(k \ +I B(k, -\), C

WGEB0R/053608-AB(k, | ), C = E(k,*)t# AB(k, - ) B(k, |P¢TYKR2684/002989
C
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E(k, #) + | {B(k,- ) B(Jc,1) + P} [95] where , C,
and Crefer to costs for forward, backward,

bi-directional, and a f b b wbi bi-directional

pr dififerenice hetwieetn a watughblodk gad the blockdp be enepded de she block to be

re ' 9

| SR Mo Wlodk e Topb 7 sl £ B o dRtnd forwand
bepredietion hed aferonceshlack mxthelback@iandhprellichion.sSThuSj togestorh ¢he en

oi fePA ek FRERBPRCREm By S AP CriotiBdgeeis gk tareeted
nafdmrefemhcﬁlgeremséded sequence and bit-rates mainly used
int atio utlg .m ni mym cost s

t her E?Yotﬁ1ar Ydlgf é’&r rﬁ“%l)p/glﬁugg)the Hlirection predlctlon with

Opiveighte@ & alub i Chasb® 6h eidhaelerdtice Bldek iand ﬂiﬂlﬂ@ckct%fbekbﬁcoded being
determ ned. [97] Under, the bi-directional predict

mogidterent insthe éﬁgre% pheiikagtys Feidhe Bi-gijeqtiopd)myedigtion With weighted
ad{'filflee B0 Salled (Yieaelréfe?eﬂé'e bidéRlin %r@&i‘d ﬁ%&lcﬁ&? 1skllmﬁﬁbhé(poy P and

be encoded on the block to be encoded, the virt
bl piERl wadyes @f ﬁé‘Pfﬁ’iS@C%?lOQlVE’rla?@kwgfdepfﬁ@ﬁmlelrﬁé@lmhﬁdﬂ)y (#-P), and

t hﬁ tfl QL gﬁlg gre%'in%ﬂieﬁ% H{%ﬁ@g@wﬁlaﬁ ﬁfo@fc ef}&eolﬁékot‘alﬁe eﬂcé%ﬁ is encoded
bac iction to restore the en
bl by:tefemngm thetvintwal blockas o reference blnd_c noti on vectors to
| ocat X1, i%ke%ﬁlahgﬁ g? taﬁ gntgaoﬂ%&gf‘ﬂ%{;ﬁglcel oft ] dg %ﬁﬂ %g dte%cnbed
Y 'the way, unfike Dbi- na

[ 98] irectl pre Iction,

[100] bi - diScendsican &t clangdd eetdydastin sdvevad ivigled eehueabeseln a basas case, a

[101]

o3 bR D o5 R TR L O e may o

bi }lodaﬁe@ fod il tfhtsr[ﬁdblemt) mME—EIZBfQBba};Bd e@khﬂglgie&lodmuppdrts a
val ues o a rerfe ce C I.N iction iIs
muPEOPETY efpdgptiye éﬁﬂ' Sgﬁexiﬁe ‘éﬁlﬁ%gp ﬁav%aw @"Pi’ omsaeneporal
i nﬁh@ﬁi@m@rbe sRéRedsd WHéh ﬂh§ nﬁiﬁbéﬂ drlpuewls ¢ linkeds larBBiGthan the

both results are sumred rtual bl ock. The

bl tséqrencs vahuieas @%@qngleérﬁm aowf rﬂaﬁ whole ficefs) apghthe concerned
Vi frhigko B &%d&ftoaanr'ﬁffﬁa&ﬁé" E6hpibyRf thid Rthodiproves the coding

determ nation by an intra macrolock %redlctlon node )
wi ¢ffficisacyibester thsaemilaog theceneentionsl M TEhmtlg@u Hpayeyer, since this

f aﬁlEtHoH 1§‘l§lﬁﬁ{1rgﬁsy &ét&‘?ﬁné&&%ﬂ%ﬁé baélg tﬁ@ %Wgnﬁgrf‘ﬁas ifftroduced

rane whi no property o rpor al
vv| 2 hom:epigdﬂjmra mgcifoblock sisedain ats&ﬂdaubh}éﬂd eﬁm@o,l ase mdmesﬂemble

EZBC- based ¢odi ng .neth
scl?le G& erall\{graa? open codeg © t éls% hng? %QR 4 8a16{1b01‘1ng

g]%g:nobk)ch Ibhc:auSe ofeprpdictidn draft, whereas a hybrid codec can use a mode of
multiple intra prediction. In this exemplary embodiment, a DC prediction has been
used for an intra prediction mode. In this mode, a macroblock is intra-predicted by a
DC value for Y, U and V components of its own. When the cost at the intra prediction
mode is less than the cost at the best inter prediction mode as described above, the in
tra prediction mode is selected. In this case, a difference between original pixels and
DC values is encoded and three DC values in lieu of motion vectors are encoded. The

cost at the intra prediction mode can be defined by Equation 3.



filtering to be suspended when the nunber of pixels
not linked is larger than the reference val ue as
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[108]

concerned franme to be encoded to an J frane. Enploying
this nmethod i nproves the coding efficiency better than
enpl oyi ng the conventi onal MCTF net hod. However, since
t higquaionadl is uniformy determned on a frame basis,
the present invention has introduced a concept of

I nt I d i tandard hybrid der,
o Pk f%&@s‘@m' "Goneral Iy, an open | oop codec
Cann%he&’é? 5y e ép?ido% §ﬁﬁ f%tQh@f’ h8 'i'écﬁ](g b?{f%?%ngggtgveen original

because o wher e

c almuuwcavaiuwnde(Gwhluepl andiBlks Q) rpfeesotncthe wfal nimbertifdits to
exer% aPX ﬁEOd nent, a DC prediction has been used

f of"Rh° ?rape&ﬁctlon node. In this node, a

macr (Whﬂl:@ 1s fesh than ahgpvakabischkedlateyd by Hftation Deericodiny by the intra

and ents of i wn V%en cost at ,the .
" Dredich PR BIAE rasterfpimed WAL MAElatke 58 e dted o i intra
b epﬂedicﬁbﬁa fnode e;dihqgﬂpm s1ﬁ§lél%eﬂ$f DE sflaruka&; Edls dbsikable tbh:ﬁalilgk them to
ra,pre |on nD is sel.ect n.this case,
g‘i"%ﬁég FP@Y‘?’E‘HP“%%&%\EQ -2)58cqded gt 'BPé%d pw prediction.

€ ngﬁ%’éjotﬁ&%aharﬁﬁel%éé@ be8es kdvikivaibif isQA thée&ﬁlﬂsre%f a video
are encoded T’he cost at thelntra prelctlon node can

beseguenceey apipragally eskit Bvideo, duis prrieredthathevidep Requenge has as
B( ﬁl ‘I' ﬂ'&gnqgs] as\gﬁgsrﬂﬂe Bfiknis Qhsel & hftirodidt cft ﬁfer- idtion frames
intra predictl different between origin nance
vatmbﬁaawslnmbmeae@je and B( k, 0) refers to the total
nunb

o SR thoteh it ke EBERAS al o Bodk b2l plelition HRSE, ity are
e nceaedjtodl fitaimes lwrhlbn a ppsrdethrmined lpervadtvaga thexgef €for emathple, 90%) are

VWA | ded i
P ERieRiat A RedieliRn Biofle SASURE Srtad ol e, soppg of a video
it sdqaen‘bemr hatohatit editing nag & videe mhdycbe a&comphgshed nfore tasilyes

int entlo al EG-2) enco 0 ased ;

o eaitie: St Eef Rt ar st SHERnaS S B GuRehabe plyrality of

wmrgﬁ@hgﬁ@ﬂysﬁgqgeﬁ in the course of a video sequence
automatically edit a vj is preferred that

d
t Le vithb gneapyha @nﬁ%@ngg‘ls\%gﬁs‘h magrpblagks af intrajuedigiion and
I nmtatwoﬁlo%ﬁssa, inRr pRURA6N. of nfeBAN LN e fakRNis B6RAIb5titseI without

frames to T frames may be desirable. [104] Even thou%
aI Preﬁd&s%ﬂn@m werds, ddfranagyeeders By/a frame ghangegd se @s tohegspded by
1f Withdud B ﬂgﬁéj}? OBt
pre etVZrtm ngcfdg%@ggﬂt%age .%qgern}e— t? ?gﬁér exarr% emtr% r%dlcuoms
ar largen thauh aareferénse ivatue AT sy intth pradintionweky, bevisediman initial frame of a
r .

?v Iegfraé‘gg %tsthé ng;l&?te raﬁqe\%fl E’ut tgfgggn&eeﬂgpi%% r%g Ehee present
eamwblyuonL béajseHt ﬁn(ﬁ as éﬂfemnve as$ ﬁs ohugmahﬁmhe-baded wavelet trans-
stEuct ur es and ki nds of franmes when the plurality of

FIGS. 10 and 11 illustrate examples in which frames are predicted at various
modes in a video sequence having high fluctuation and in a video sequence having
little fluctuation. The term 'percent’ indicates a percentage at production mode, T
indicates a percentage at intra prediction (provided the first frame of a GOP is not used
for prediction), BI' indicates a percentage at bidirectional prediction, 'F' indicates a
percentage at forward prediction and B' indicates a percentage at backward prediction.

Referring to FIG. 10, it is shown that the percentage of F is overwhelming by 78%



ref erenci ng nodes are used. [106] 'I+H neans that

frames conprise both macrobl ocks at intra prediction
wW@resaserobl ocks at inter pregiction. T neans PCEHKRR204/002989

frame is coded by itself wi thout prediction. In other

words, T frame refers to a franme changed so as to be

coded by itself w thout prediction when the percentage

of sinecthe b Inomibered tfraimet is alnposé sfimilair tonthie § numbgeed framen ard the

e . . . o e
AESRSE oY B e cHDR AR PEYBEAR TR HREH o o e
t emuiﬂiabetbvemeth): 0 thartbetedi fsarhsamkxhe d mpinbgred fiamet(tmt is, an image in
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thunE SeBR e Rutr e sto B T HHERY i thee te o
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|1 $itdiar {d tHe bwhainbered frkhR. t erm ' percent’ i ndi cat es a
per cent age atpfroductl on, node, T indicates

[109] per c Refergas i FiGitld aalh thedrames sfe siplay |3§é80‘6’ﬁﬁlefheﬁt§teff°ﬂnan°e

fr 3HBreQil the fAdRed SreRBfualty $6ky sBRilA! TS FIOM1 defnlnstrates that the
| ndi cat es a@ger centage at bidirectional prediction,
' Pperpeniseen piBIsarg senesallydrgh. at f orward prediction and

TJ' :
[110] [10 8]lﬂ§ ?fe‘frsrea‘lsfrl]lﬁct aﬁ?&&l@%gﬁh 1ﬁ?§§¥a§‘@%\%ﬂo@¥1ﬁ§%ﬁ%¢éﬁscdabh video

peerwedera@eondingﬂmag es¢replanie¢mbaorimbyt of3hepnasant irivention.

nunbe, 0
[111] fr ameA, gcg%%ﬁﬁaﬁgeé ér}c?g%rgéel%s@ lgﬁlrah ottlgﬁ.lt(}rq%ég%gﬁsgﬁutg%/a video

Si maeﬁdeeccﬁnpramasattem orr aaGé)PI asisland genelat’ehe bmsdditm For this

(RUBSTE, I eala e ThRD ShggdeR RoimRses s et B SfhalipE e 10
br elghinafing feaiposd] Iﬂ@iuﬁalancieslb&tv@&daqahh’ﬁh@raﬁ%a@ndspaesﬁahel frans-

ered frage is.conpletely different from othe ..
1%%q15g(§elgn}n§tlg SR 9> AGuagtzaugn Hﬁlﬁ‘ég ABgptizing
f r&ﬁﬁfér&aﬁ@ﬂ'@b&ﬁ@ﬂeﬁts Gehdraee ﬁftelf té tah endspataedancies are

frame and is simlar to the eredframs [ 109
Re¢lipinated, ang aFlpltastrearragfrnefqﬁ@nﬂmaA%ea@réu%g arbitsgreammyf a combination
sheMGuahfifedaesisforRhh M&erﬁ@%@otﬁéﬂ infdiafiGRMES are
actually very simlar. FI' G denonstrates that

[112] t he &wé@np@rgbtsansformagorau@t 4@ pemptisey atmefion estimetionrugt 12 and
i's I
oS EhpH FRRE it 12l P R A Y shd S Bt rqmes and it the
exﬁfmpbateylperdﬂwdl ment of the present invention. [IIlI ] A

[113] scal %}I %erﬁot%eorr]lce% htion ﬁn%'t Y2 Secks Pno?i(nq vlect:ter%etwe each
frames cohs i Vi deo sequence, esses them
o nmacieblock a framan d/hgm’tempbﬂi; filteltng is Sbtamg&lxecufeﬂalﬂfwsh macroblock

npri se

P oD Rinck s SpehePting 7 oy PHP IR BT yactors s provided
r etuhé amspoed lieting afit a4 pdndrthd tempodl ki amt a4 ppbinds a temporal

+ cRlringrelpve gl Frases Bk uifhinkegiadsmen diegotion vectors. In an
t r @RsdpMyRiibRRinse bf iheipRsitat ieARRI0AL BE tethdREl fIRMRAS pRderesses from

and spatial redundancies are
the frame at the highest temporal level to the frame at the lowest temporal level in

sequence. In case of frames at the same temporal level, the temporal filtering is
progressed from the frame having the lowest frame index (the frame temporally
earlier) to the frame having the highest frame index. Among frames constituting a
GOP, the frame having the highest frame level uses the frame having the lowest frame

index, by way of example. However, it is also possible to select another frame in the



elimnated, and a bit-stream generation unit 40
generating a bitstream of a conbination of quantized

WO easefwosat i on coefficients z2nd ot her i nf or maPCDHRR2004/002989
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[112] The tenporal transformation unit conprises a
notion estimation unit and a tenporal filtering unit
14 to conpensate for notions between franes and filter
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dUSRAACKEED i agﬁi%h%%by el Shratheed oy T, the: wavelet-

el baxed BhRFomAioh d meRIMBEIAG bE Exhplé. 1L spaBEPRARbIlYY may not be
filtered franes bﬁ)@gse of spatial transformation. In

t hchigveddthe DGlapethed vedely uﬁf?dalﬂﬁ%‘f%mcaﬁe pMprgasion $ch as

thmgg@g%g Belseqption. In the wavel et-based trans
formati on currentlfﬁ/ known, a frane is divided into
112

radrhegeme apifesnatignicoefiigients through spatial

on r r

B o PRk Yo LRI 106 Ty

r equantizedy Tl}a anamdizatieroest 3@ qumbeﬂ transfogmhafior coefficients, real-number

{ylptra B ek n{s 0 therh&{a#%e em £t 1nte$er£t?f Se tvr\'harpsformaﬁglg coecfﬁments That
ore hrou e Sahe nanne

L isf ﬂlalaﬁlounhhfd)lﬁse@f@msd tvmtagle dﬂta ﬂirbughrth@e;uamazatngl may be reduced.

on ourth area nd| on to.restore t
o Bt e AR Db o e PaEeh Ripepy g the transformation
W(&ifﬁdlelhﬁﬁs%ﬂarﬂiﬁh&!)ﬂlr S\ aheaibeddyd quadtization n\i‘diiliimi’ CRahtAAtion

mat hod cal |l ed JPEG2000,. Spat.i al .redyndan
e S aRRoBIATAN fag Baien rl%aafifprwgaélrfetlg (58 ebed uantization

f Ofngﬂlbtl Oe[hd tﬁﬁ‘d e AhdASf fﬂfdrﬁiaﬁah ré(ﬁﬁ&ﬁfdr qﬁ&{tﬁﬁﬁd)rpﬂlay Be reduced
be stored t he reduced form of t ransf or ned

i nﬁrgieSNErspalkl@hmemax bepktniged Ry theembedded auantizafiome Bhe term
cogipgddiavis 'ﬁgedsth g’ thaCRb 8bdd ﬂlﬁ[sti'eﬁnﬁ‘ﬂ%llvé’sbi&nﬁi’atﬁeln other

of the reduced However, the wavel et ba
words, compressed data are generated sequentlally according to the highest degree of

visual importance or are tagged by visual importance. Actually, quantization (or visual
importance) level can be enabled in a decoder or in a transmission channel. If

transmission bandwidth, storage capacity, display resources are permitted, the image



transformation is nmerely by way of exanple. If spatial
scalability may not be achi eved, the DCT nethod w dely

W@ 2®d/053080Vvi ng pi cture conprasssi on such as MPEG/RRAEN/002989
be used. [115] Franes tenporally filtered becone
transformati on coefficients through spati al
transformation, which are then transmtted to the
q ueant bezstored Winhnint IOSOIfam thé inadge ys quantizédrasdnucitias required by the

e R

c hangmsleth SP]Hilf éiZeBC tﬁB@OT raad sé on.ratthepresent exemplary

coef ents m)unt of blts to represent
E %ﬂgﬁ%‘é W?:H’? o W& be reduced. In
[116] t he ﬂﬂe&ﬂﬂﬁﬁtreaméﬁﬁyn &ﬂib@d gemiites 4 bie-stredn irchalingoinformation on a

pro stot ransformation coefficients is
pef? ﬁ@@%%ﬁd’&{?ﬂnﬁtﬁ’% éaﬁ@aataﬁﬁwcﬁas MOHORXEG{pK) on motion
Quodthdrg dbiaitidd il thtrhdtfont BtifnaBos fiit MR hndPatt#BES £ héadenthereto. In-

is_perfornmed through the enbedded quantization nethod,
antprivgtien aljoyediabe ipclyted jin thebitastream weid be dhe nugpber of frames

q U@(meli ZAtHiPR G@P’ (R Rod Rt mBOraR R I AR §&§111 qkﬂld is ol cTBY tHe&lecoder
0 bt ai ned by the enbedded quantization. The term
' evide shrudd knoyv hew anany framsyonmwtes srverad @é’H’Skﬂnce she angpder side
i ol . I'n other words, conpressed data
ar%éh}é%%{[g%ﬁgtsg%ﬁﬁg fially according to the highest
[117] degr éﬁh@f the mgwallet—baspd triansfomnasionas eseddg gbmbgatwsmtj@ll redundancies,

| RS o8RG i I rENARE L AL LABNARY ol Bilflod frame, Ac-

t r eordimighs thenwaiehetbased ttdnsformation msthod niagpavioch Immporal trans-

st prage capacit i sp]l ay .resour.ces..are permtited, the

o S5 Stz M Bh Sthetel GRBRS R AR BRHE th: Bitnet aRd then

qugdiictate s bﬂﬁg@rﬁghgﬁﬁ:e I‘tl&qD'CfI‘QﬂiséIymbhmg rpﬂﬁﬁre@@dﬁg n@dthel]

resour c Enbedde tizat rit urrent
[118]known‘\ Ff%feglé@wfg@f Veﬁgedae ﬂﬁé&e&?ﬁmﬁ/ﬁ- 13.
[119]t he IS eNis LHAGRIAI Mo@lﬂ’&ﬁﬁaﬁﬁﬂhstﬁrﬁ aQon§tRBtion of a scalable video

al gorithns known may be used. [116 he bit-stream

geffsPden asRording: to4n ogfish exemRIaryerphadimentof the preseptinygntion .

[120]1 N OrpRiEA. lee Ql(féo %ﬁ&ﬁﬂr hEERERng RFtht Rk Qhpiaky Gibddths of the present
generated by coding notion veétors) on notion vectors
obinyeriea iflpstrated indtlGoh3 eempmises aspatiah fransformatign amit H0edisninating
a he:

" Rt ERGE otk Bor LR tafills Bors il k8% SBE St mporal
Wi trmsmrala@mi’u(m 70 ebuhemhting teyopahl I’eémdhl)m@n d geantgation it 80

f S%%E%Sm%lg%rafls Pn{l% éonscggféff’ Céﬁn?@mneg b I{lhnaﬁré% C%aalélr ansdI tamporal re-
haduridasci¢schapweal franed, aiud h bitstredri gér}eermnlmtmﬂ generating a bit-
wavel et - base transfor on i S use M nate .

e in iR o S <Pkl et oo ang Pl Mifripgion

[121]re rrnglﬁl teferémie to theglem ItL:Jahsﬁ)ﬁﬂitﬁanfoﬁﬁ’ﬂ:f idntsy Imnetl-iﬁ(ri] 01;I performing
cordi.n et - based transformati.on nmet hod may
pefRay Pﬁ?%éf?ﬁ%‘ﬁ%?n S AGmpQy Stie) lgm(g}n%g@rwmmﬁﬁwas
SPvhindy bdcnaRed 86 RALiSHAlly AMANEIE Bas HSinfy RIE&d36 d vhiue Benerated by

generdte a bit-stream unli ke the. DCT-based novi ng
pi tRatipltranstormgtion: Thats, the transformation coefficient has also been referred to

'DCT coefficient when it was generated through DCT transformation, or wavelet co-
efficient when it was generated through wavelet transformation. In the present
invention, transformation coefficient is a value generated by eliminating spatial and
temporal redundancies between frames, referring to a value prior to quantization

(embedded quantization). In the exemplary embodiment illustrated in FIG. 12, trans-



[ 118] Another exenplary enbodi nent will be descri bed
wth reference to FIG 13. [119] FIG is a functional
whb@sksddagram i | | ustrati ng a4constructi on of BCT/KR2004/002989
scal abl e vi deo encoder according to an other exenplary
enbodi nent of the present invention . [120] The
scal abl e vi deo encoder according to the exenplary
enﬁm@hﬂ@ncoeéﬁciem@cﬁmmcodfﬂ&iemttgeoerateﬂIpamingatlhadlgh mpatial trans-
FI f 113
o1 For AR TR o 1Bl Te ol A A R Rt mBbh o Sitriient g he
c oevearnplalylenﬂj)odlmerld dlustatgd émEK;. 18 maa}mmdrcale a coefficient generated
transfornmation un 0.elimnating tenporal
r eBRTRGE AP &’é‘teﬁlpa‘[?iﬂf‘?sf%‘ﬁ‘%‘n‘?“unu t 80 quantizing
[1221tr angpaﬁﬂatamsmnﬁa&ﬁf urt G(Jrlélﬁm@bﬁeahmdl ieuumiahétbmbétbvegl plural
ptlal and t.enp | re dun C|es gtstvveen

P’Pe%?qné'awlﬁ% ﬁéff iSEHDRT-t & tpatgl Ealb‘?e @W@%H{‘H

i neﬁpﬁ?ﬂﬁhﬁ@léﬁﬁ&ﬁe&fm@f&ﬁﬁﬁdn s6TBO® dllﬁkﬁﬁitﬁﬁﬁdtﬁﬁreﬂﬁﬁdanmes between
other Information. [121] Wh reference to the t

erm
t frames Srarags whose seatial egdundapcies grelimipaedsthasds, ff@n}ﬁs fpatially

S P& sfbrmied aRS A ARELPD 1B feRipokd %ﬁif@hnaftidntlﬁﬁt'm in
novi ng picture conpression has mai nly been used
[123] conv e’lﬁﬁt@nmmytrartsm@atl@n wiih4Q elimingfep teraparplriedundgneies between
Val. 1
! nept DRt Hon T Bhich IBTER AR kibflon HiardoR uniy 72 and o
t otempoTal fidtefing uhie itt. Iniherpresentersmpdary reatbedlmdm,dh@tenmal trans-

PRSI S LA S B AR e .

pr seeated unEIé}JtliZoBet\xteemtheftwr) readbiodiments hfdlftferenne lies imthat the input

! clRR R Lot ey e E1Gy 1 Ry g RS kG 12

pr Aﬁbthtaﬂdlﬂ’dfﬁﬂt:e Babveanthéﬂni‘@ etell e tenpoital ﬁraisfcsrﬁ)anoh Qnit 7@ first
in FI G

a enbo nt strate
ﬁglﬂa ﬁé& glch Yo eaa{lesspatwélyetr%stqr@ﬁ@ and thereafter

geg&feﬁt@b&r&@mﬁﬁoﬂ &He@ﬁ@éh@ﬂﬁftqu&htubﬁaﬂs formation.
it should be noted that the transformation

er,
[124] c oef ﬁb@@ﬁl@uaaﬁom Hait 8Q gugntizes ransfymaten cogificigats apd gengrafes

Fl GanfByd inRgk ﬁﬁ&ﬁn&fﬁoﬁ‘(@dded GinGY mﬁﬁﬂlﬁﬁ&beﬂd Wdé@ghe same to the
through tenporal transformation. Spat

t r bifrstreamrgenesaiioninit 450 Qupntiviation é@vmmbwm Sﬁ&mdahlélne@latlve to

be
" B et 6 B shREReLOMhidH pRBedholl flRARM SDGE e
m@lrrqﬂal’wsémdumeam dhetrated imRIGd2as to eI i m nate
[125] 232: : e bi t?gr nd anegl:erZafgiorg1 lrelltél\{\gﬁ igerrllerr]eg[nsea b1t 8 ree%m mch?I?giirIrlfeosrmation on
s pedded litnyges aad dffommatichn anendticansoiors mﬂ dtachdsen Headgrahatto. At this
transf.o on, uni

h | "
tr BREr BIFRRSh ( Spied Bmppiiotad &8 hERBREApr frames coded within a
r edwniamﬁbeeﬁlcbﬁédyeem thpakedplayy émhbolinentofFIGr eaves f or

whi ¢ onpr i es a notion esti, [ It nd a
[1261 { enp 54 whiler e Hg*traﬂptgewauqrhum@ gf? et a@; ﬁw&lmtgﬁam
eNPGRARA tunit YO IFROPHS Ay klléW SofhOhfGinafdh ditHe sé§uence of

operates in the sane manner as in the exenplary

entlgBingung (hereinafter Fefersed torps redyndancy %@@%&n qea@eqcm temporal re-
eNARRILAGE shd sgat‘ijdl fr&ﬁﬁldﬁ}fe‘?es th B8 1ﬂcﬂ1duf ﬁf th% tB?c étﬂe%tso that a decoder-

frames have en spatially transforned
un$ifi& ean know whether the videgsequence has been coded accordmg to the

embodiment of either FIGS. 12 or 13. Several methods to include a redundancy

elimination sequence in the bit-stream may be available for use. By selecting a method

as a reference, the other methods may be indicated in the bit-stream separately. For



Anot her difference between themis that the tenporal
transformation unit 70 first elimnates tenpora

W0 eansiani es between franes zpatial ly transf oPCEER200d/002989
thereafter generates transformation coefficients for
quanti zation. [124] The quantization unit 80 quantizes
transformati on coefficients and generates quanti zed
i nexgenple; fibthemethnd indddet? israngéerénck onetead, onfprmaatipn on a redundancy

2Ot L5 AT 08 S LAY BSDELTLLAR ) b

r elideo emcoter, butthe relindmney ebmireatibh sejueycegmag bainethded in the bit-

t hrough enbedded. quant.i.zati o S i e |.ar .
eGR4 DUPF SeipS R Beodt3: BT FEERE Information on
bi the séduddimogefiafimitionseguinte Ay Ge MetiGitabindbokh ¢ases SRFAGS. 12 and
intl: udi ng informati on on coded i mages and i nformation

on tion vectors and attaches a header thereto. At

[127]t hi s A kdiabld Vities sfol@hccordinpdank & lerdb@¥Rhent 6AFIG. 12 and a
t he number of frames coded within a may . be .
i ntlagisrvidegsencaderievisgelishe fupciamsofiaslablgivideogneader according
[ 126he | @nbodiifer? lof FEG F BATh BRRENBEH 21 glgh gl%e“t%-ge’c?eam owing

FIG 12 and the bit-streamgeneration unit ]
13torragregffigoptisodingimaydrergeneigteddy qodingsddaneseguenses according to the

el jndindal bABdd 65 $ha 38 ;aﬁéti teﬂeﬁfcrsg@gneé el In ﬁ,fs%@g Aedhindancy

el rmnation sequence [ eTPOr & ~dundanci es T

s pelimiahtioreshquernecshewld be imduded dih theehnit-$treath dhe redusdangy plimination
so_t 0 I | deo

S oxalalos TARRAERIAR LU= 1% BPbn b R BERTIn fhe gprmer

ei tdserthé&trdddndabRy elimirditiobeapende shotikddetsintlodddria thedeideo sequence

RO N I OB SBURAGR, S Pl SRR R e cor
r eheadeniaahe Lakter @sbler net hods may be indicated in the

bit-stream separatel.y. For l.e, .if the nethod.in

[1281 F| G Tihe exerpgha Eﬁ@@%@wﬁ SEFIGS gy iad 13 SheYohe r_gaﬂéeﬁ by means of
I eRHOWaRCHutehéyinBR his® Be SRAMUUEIS RS sBflvakanddilisGatl @y device
in the bit-stream generated b&]iet he scal abl e vi deo

enbﬁt)’d‘& ?OI%E}’cﬁ_ngi‘FéP% _ k@ BeEYmeibem nat i on sequence may
[120]1 be | ngGuded A fﬁn&tﬂ%a%blb?_l% Hﬁ%ﬂ}ﬁﬂﬁﬁﬁfﬁhgg BsthbBors 644 &llaBle video

vi deo decoder of erw se, "information on
t hdecodenasdending telanexermplanheseegimantcof Hag/prigsent Hyertiared

[130]i n bog E]cai:a%? dQ(g adco Cé)ﬁt?pé‘gt aﬂi%—strla er]rtglf)‘léez%? almitelooo%n—

vi deo encoder accordin e exenp i nent

Fl @rprétingmbiit-atreaya ingiuk s0 a8 toestractcackecomponenginglufled inghe bit-stream,
fungtiqns of a. ahl e videq.encaoder according. ta.th

ex B APl i 20 B in 420 SRR L n i 30 o ot i
t hi2 d a sécorddecodingqinitB00oestonirigd ¢coded ivhages dccvgding yo the

generat.ed b di ng vi deo sequences according to the
ne?IH%%‘émS?t%I@: &gnd and then conparing them In this
[131] case,The firstdind did@yorl detodiagivaits fRgbe Iﬂgﬂiz&hb}d lhiéaﬁ)sﬁof hardware or
undancy_ el i m

included in th it-stream_The re nati o

setfiilriee Hwﬁﬂ;ﬂ%g’*’g@f bEHPRIRIER D E@ﬂﬁ/@%@ shirs TP, they may

CObt Rkl sepirateliCasliRIFIE! 5 6AMGan ihRErak@HARRR OV hen they are realized

el i m nation sequence shoul d be included in the video

s e@@@ﬂg@grated manner, the first and the second decoding units employ inverse-
redundancy elimination sequences in inverse to the redundancy elimination sequence
obtained in the bit-stream interpretation unit 100.

[132] On the other hand, the scalable video decoder can restore all the images coded

according to different redundancy sequences as in FIG. 14. It may also restore only the

images coded according to any one of a plurality of redundancy elimination sequences.



header, whereas the redundancy eli m nati on sequence
shoul d be included in the GOP header in the latter

W@ 288/05360928] The exenpl ary emdsodi ments of Fl GPCHR&2008$02989
be realized by nmeans of hardware, but they may al so be
realized by use of software nodul es and any device
havi ng conputing capability to performthem [129]
FI When4hd redendanexcelimimatioh$aguencdiingpmiied itd thedirstadecodjngunit 200,

COB R L S5, o 0 SO IES 0 o

[ 131®x}ugh tlm:mcaiﬂ decoditig and 300 cidren (tlEﬁ'ﬂ[&dlﬂIEhﬂC)aelhImlaMH sgoence is

L t it 100 i bi t.
| R E Be'sPioni Herogtoe wil a0 it Bt i jnBtpRitm it 100 can
bi knesi ﬂeaﬂnstmﬁddrtsmpdﬁtmamgqmbé a2 seqmnos bgmpodlg filtering

accor. di to th e dinment of FIG 12 and a
sgﬁgwas WhER et ngigs py 1 @%at%éﬁé?g stream. In the
acgesdht Bﬁerhﬁlalgﬁ&hlﬁﬂhﬁéht BB comdtrafrle@terdporal levdl Seduehsd can be known

and the second decoding unjts may be_ realized hy nean

of thiekeh waieliie st delay tife onfFghiparameteripuieterpmine pqding mode. Wit

reakpeeth 4 roléds ‘il)\f"?é'sﬁ)rﬁfg asﬁfiéd’\@hﬁeﬂ@ $dntthe chB&YintRY uﬁgrmatlon
real 1 zed separ at el gyas in or in an integrated

mdbmdanvm elﬁntm@yn therfisy deze@ng #nis 300 wilkk he &rss described and
Jaﬁ&n the! sla@mﬁietfeg&ﬂng G900 Wilt Heh $e %@iﬂrﬂ%d

I nverser ed ancy I m natl on sequences I n | nverse
[133] t he rleﬂmmeltmmgn @dedﬁaates anpus mq‘m émfyswgahng dnit 306 tselnverse—

r ner. .
Pl b W o i
| n2teThe dldﬂsfoanmmnd:loaﬁiciants:hré imrsatspatmllyrt%sfuymed by the inverse-
estore on

se 4. |t na
e e Bmaflat i 20t o sttt Pl S spadal
r legi}mﬁ&ﬁﬁyioﬁ bf caded tfiaddes SW%HE tt&&ﬁa\ww h&aﬁif@nﬁe&ﬂ)ﬂﬁﬂﬁ%éﬂ)in the spatial
el i m nati gqn sequence.is ap to.the.firs ecodi n
u nsrensg‘maﬂ% BncTe eé%%ﬁﬁ%@éﬂfﬁst rangforgation Wf%@@ FYeRg- wavelet
f i fradsféiffagoh.Whenihe sg&hl tlahfornhatioh i§ 8seldeh & HOT @d Formation
t he second decodi ng unit 300 when the redundancy

el TANREAL inyerse DX etiensiormagipp is peglorped. e dwasfRpmetians@efipients are
u nbﬁané&pto I%'r%.ﬁleﬁ Bd B Frasiks ?e?ﬂﬁoi'amyeﬁl%@d fkdueh thiinberdQatial

can know t he constrai ned te oral” | evel sequence as
t heanséepuetior Ior inversgdemporpl wnsmmahgn,fth@msrsmnpqrhleﬂltenng

ar gnit gme@hoﬁ:]l%ﬂ YBABRUbEEndMy { ﬂ{e‘fglgﬁﬁéeﬁ%% st feam. e

bit-stream present e e
[134] C o n S tlnhxrmetnbrt @mmied Ifrahevs épus e dmcseccumlrdebedlhg] umh 300 is inverse-
f. del ti.ne co
de P %Zen eana C e% to%‘ SanHWt{OrI]l cong}I Cée(l:‘l%‘. l?yatrhe ubvregsge uému%atlon unit
r e3tMmMha graasfunniaimnsoeqffmmes dre mmtsb&empoiaﬂy tramjermed by the

acteat i SobRgRron gt P Bty iefTorh ghd e constained

r etétﬂp@ﬁeﬂ ¢ewele&dqﬁemtfoﬁmvaye-t@@&ﬂamﬁdfoﬁﬁmdi Mgy be blbtaﬁl@@ from in-
WI t hen be d(ig)sa bed Informati on on.c

tl?‘h pRIping Hemi B %@m}%@v{ﬁtﬁ ton gy D050 interpre.
' nES&&ﬁﬁiﬁg@ InféRchtid N throhNid &tsd-Rnipgopd] Haa5foRhatRh is changed to
coefficients by the inverse-quantization unit
frames having passed through spatial transformation. The frames in the state of having
passed through the spatial transformation are inverse-spatially changed in the inverse-
spatial transformation unit 330 and restored to the frames constituting the video
sequence. The inverse-spatial transformation used in the inverse-spatial transformation
unit 330 is inverse-wavelet transformation.

Industrial Applicability



210. The transformation coefficients are
i nverse-spatially transfornmed by the inversespatia
W@ e@s®swensmat i on unit 220. | nvarse-spati al PCT/KR2004/002989
transformation is involved in spatial transformation
of coded franes. When the wavel et transformation is

used in the spatial transformation manner, the
[135] i nverAssoxiieg foghe exeanmddnyrembiodionenteoffthe pessent invention, video coding

i - . f i g i .
Y R B LE LR O AR SRR i, o
maframes off nGOPxan bETrahsmiutted oo adédoder side whed all ofttlemTHage not been

OB 4 RGP e e PR Gocplersidd BNart 0 decode
i Nthe pagiab fraineatraisnened, oierety retucitzothe deligtige: t enpor al

transformati on, the inyverse-tenporal filtering unidt ;
[136] 530 (fhose w%? Pele Anen Eﬂ%ﬂ@%eﬁgﬁlw foryhiety ﬂ&ng?f@n& iffgention

bi perflinseamunfidrerahd that e PRéseRiinO¢htioA¢anl bé taBE olit iR Wther specific

into the second decoding unit. 300 is inversequantized

anBappesh yihoyt shanging the teehpicahideasamd/os pessptial featyngs thereof.

| N RhSEh AN cnfthrly @hbdBintenslF thd Pesddt dVehRbiRiveHen disclosed for
coefficClents are inverse-tenporally transforned by the
i niestsativeamnses, those slkitled inethe vt Wil iapprgoigte thipfevapigus wadifications,
ve q i t ..
{ P s AR spN RS e, AP Hopar B Lro FHE SRR and spircof
f r hminvenfion andisdosedin dierrpdompanylingelamas. t he bit - stream
interpretation unit 100 to interpret. Coded image

i nformati on through inverse-tenporal transformation is
changed to franes havi ng passed through spatia
transformation. The frames in the state of having

passed through the spatial transformation are

i nverse-spatially changed in the inversespatia
transformation unit 330 and restored to the franes
constituting the video sequence. The inverse-spatia
transformation used in the inverse-spatia

transformation unit 330 is inverse-wavel et

transformation. Industrial Applicability[135]

According to the exenplary enbodi nents of the present

i nvention, video codi ng whereby an encoder-side can

have tenporal scalability is available. In addition,

all the franes of a GOP can be transmitted to a

decoder side when all of them have not been operated

but a part of them has been operated and the decoder

side can start to decode the partial franes

transmtted, thereby reducing the delay tine. [136]

Those who have common know edge in the art to which

the present invention pertains can understand that the
present invention can be carried out in other specific
manners w t hout changing the technical ideas and/or
essential features thereof. Al though the exenplary

enbodi nents of the present invention have been

di scl osed for illustrative purposes, those skilled in

the art will appreciate that various nodifications,

addi tions and substitutions are possible, wthout
departing fromthe scope and spirit of the invention

as disclosed in the acconpanying cl ains.C ai ns



[1] A nmethod for video coding the nethod conpri sing:
(a) receiving a plurality of frames constituting a
wor@enswerjuence and sequentiady elimnati ng aPCERBR0I04/002989

redundancy between the plurality of frames on a G oup
O Pictures (GOP) basis, starting froma frame at a
hi ghest tenporal level; and (b) generating a
bi t-stream by quanti zi ng(l]ggdgalsor mat i on coefficients
obtained fromthe plurality of franes whose tenporal

[1] redundAmgthéthfor bideo cedingithatrethod[cdinpiikiagnet hod as
claimed.in claim1 ect. to franes
o S aiels et & Pt S Fafeyony L EREE doh Seshes and Sequentially
r edundélirinatifyes efiporsl réd@daityibetweenehd plurdityeof friés éh a Group

frane i ng st.frane index to a f havi ngq .a
hi ghesB? 35 Lifres ﬁé@ﬁbawsﬁtm?ﬁgfwm&amaét eﬁlgﬂgﬁé&emwrgl level; and
cl ai m @) gwhRstfigh bik§R&SEN b quéﬂu@ﬁ@&raﬁl%&hhﬁdﬂ édéﬁi(ﬁer%tamed

theframa at the hlﬁ@eSt tenporal level is a frame

havi ngfram|thealyrality amﬁ%\@hoseﬁema@a@ﬁunqaafy hasegp ehipinated.
21 as cl appegeindd Gl elalthdd 1th\;tl]E§ﬁlel RyHefki® Wt résg%ct th I?ledn{eﬁ ¥ same

at the highest tenporal l|evel Is set

when atempepdleyel nctpr@h tles/temporod e&dundm $he<15mf 4% $qqucntwgy
the 1 r AmBais AL € faletiyin TG & AR IRIAN0R BERIRRe o ighest

hi ghesframenpbxal | evel i s eI imnated in the sequence
fromt vel. to a Io tLenporal, .

B evel ﬁ?e Cfﬁ%“%‘f e‘t ﬁvé‘ere“au“é%"éléﬁ &3 frRitugine 2
frame Gﬁm’emetfmme ahltmlagl&esf teatperadl helekis\ufednd lms/uig alest frame
are at. the. S nporal |evel, where one or nore
f r amesiMdF¥ I ggiréfge referenced by each franme in the

[4] cour seTkd methotias alaimé inltdaifnel)deadin fredenGAEY fﬂaﬁm Qt the highest
hi gher index_ than the frapes at a higher_ tenporal

| evel GMPPRL leyghis seidRgB hframe yeien a[tgl}lquﬁlefeﬁlgtqﬁ}a@’ between frames

cl ai Megbrstutih@h BAP isUliRkiRAtBd, 3hd fefiPRrdl Sedhi@Rfy bRtvedef the frames
frames referenced by each frame in the course of

el i ni nefithe @Qm@h@@hﬁw@w fré@ar@a&wél;gheftafmml leelrpeliminated in
cl ai meglel Sﬁ% gf% f‘ﬁ) eveé[’\ﬂlgﬁefﬁ fén%?al%vemz?lofw"em g@ltal {el€l, and is

hi gher te ongi'ng to a next
added clmnmh@dﬂm thessquente fremoelgwest feeanmmﬂmatvea higheshframe index

cour segpl, &l 'ffyr&gtali‘(%ﬂ él%@asfdrrée%@}ﬂgaﬁi heR'gld WRAERAURY or hfore filffes which

nmet hod 'as cl al e er’conprising
el i m nexni begre&pealcechby eagdhUfinchaiznythé edwmseol eﬂinmngxilwthb tdnyporal

of fra wher ei n .t.he gener.at it- str
O ooy TR qaRE D leth il AR e Bt ARk Bt tevel or the
r edundsaneytemporil featl. on and terrpor al redundancy

elimnation 8 €0.enc I co I si.n
ST £ anst BhoEEReH ob HRmeEBHGT, Nheir Henkys gidi§ firimes
and el fefdreideti B¢ edch frame in the course of eliminating the temporal redundancy.

[6] The method as claimed in claim 4, wherein one or more frames at the higher

temporal level belonging to a next GOP are added to the frames referenced by
each frame in the course of eliminating the temporal redundancy.

[7] The method as claimed in claim 1, further comprising eliminating spatial
redundancy between the plurality of frames, wherein the generated bit-stream
further comprises information on a sequence of spatial redundancy elimination
and temporal redundancy elimination.

[8] A video encoder comprising:



tenporal redundancy of the frames in a sequence from a
hi ghest tenporal level to a | owest tenporal level; a

WQ@Ins®es i on unit quanti zi nga ransformati on PCT/KR2004/002989

[9]

[10]

[11]

[12]

[13]

coefficients obtained after elimnating the tenporal
redundancy between the franmes; and a bit-stream

generation unit generating a bit-streamincluding the

quant i z tethporal rshsformatiomrunstoeédiviog e plurality 9 fiimes andjelominating a
encode ' ' ' . [ t

Cr anst Sriar s el S st bl in S1EREREe LR LRS! Binporal feve
obt ai nioreglowestitemparatlevels from t he received plurality

of frames; .and a tenporal filtering uni erfornin

P enpor APt i FERGfing bhpdsSralp dBeroBats b e

of fr a¢iasinatingthStatiporel reRinckandyeliet i édtRhe hagies; dad use of

the notjon vectors, .the. tenpor.al fbllterin upi t .

per f or HPIGIPHR SERAMNHIESENERFNE § PBrPiERE l'gﬁhﬁﬂ%@esquﬁﬂlzed

t he segupsitafioR Bodfiicichdksghest to the | owest tenporal

| evel or froma |owest frame index to a highest frane

i ndex ke Wdeagreodengssiaimed gy elpim 8nwhesginithe Ermpredl ignsformation
ori gi nglit EJrAiRes 2inditdR eftiBifch RVIUInRkL G RERKs from the
temporally filtered, [10] The video encoder as clainmed

i n cl ateaeived plyealisy of Bames;@hd t he plurality of franes is

refere L maaat i . . .

bt wecn 2ot FeBh Thl G- chify | PRI M WA the roceived

in cl aploradity éflfirarhes orcofipoupsPihigicaires QR Ibasis by sse of the motion

0 LU A 3 RS LSRR cring o e GoP

bi t - St basiarin geneegatrics fronnit: highektitads lowbstemporahices! o fiem a

cequontarergrartt Indeh G REnp BRRG des SR GG P eB D s gh nd by

t he trefstinpordighul Gamks beihe fiamnes hdvigg akealycbebh &mporally

bi t-stﬁﬁa [12] A nethod for video decoding, the

met hod’ ‘?Trﬁ%risi ng: (a) extracting information _

r egar dTRYvides OstRderl dslBmed Dicldint 9 SVRGSIAGACIELS thE PRIrAIRD of frames

sequence by receiving and interpreting a bit-str earr}

(b) obiarisranged wherselBpinatnsh teammoralredupdancypptween the frames.

| nver SehaNiaBs brfdolsr dsaimBl B OBk 8 ¥uFtRE8AotiiQiriespatial trans-

encoded franmes; and (c) restoring the encoded franes

t hr ougfermatiomumit eliminpng a ppatinbiedynsianen besweemire ghrality of frames,

i nvers . gﬂgﬂ 3 he . :SH Oty

coef fi %P%r%{@ﬁ% git tské?ﬂ? 35‘3‘% an clgﬂteﬁnnql ﬂ%tl%%%ﬁgtfé% enc Ig Sé‘quence for

[13] Télenimetinpigmpera kedundancy and b aéquend; fonkkmaiating spatial

L e e e e e
A method for video decoding, the method comprising:

(a) extracting information regarding encoded frames and a redundancy
elimination sequence by receiving and interpreting a bit-stream;

(b) obtaining transformation coefficients by inverse-quantizing the information
regarding the encoded frames; and

(c) restoring the encoded frames through an inverse-spatial transformation and
an inverse-temporal transformation of the transformation coefficients to the
redundancy elimination sequence.

The method as claimed in claim 12, wherein in step (a), information on the
number of encoded frames per Group Of Pictures (GOP) is further extracted

from the bit-stream.



fromthe bit-stream|[14] A video decoder conprising :
a bit-streaminterpretation unit interpreting a

WO 2@8l0y®08 bit-streamto extra in formation rRQEK&299/002989

[14]

[15]

[16]

[17]

[18]

encoded franes therefromand a redundancy elimnation
sequence; an inverse-quantization unit

i nverse-quanti zing the information regarding the

encoded videardesodey compesingt r ansf or mat i on coeffi cients

{ e o7 & Bffkurllin UBF i AR illenfb IS RCEIL BR.HBID to extract in-
performng anlnv rse-spatia ormalon

and a nfarmaﬂammegardmgwnad)ded rfeansfs dherefiroroand mrdzdupdatﬁog reﬂmnmtmn
an inverse- terrpor al trans formation process, wherein

the en¥J8¥°f ranes of the bit-streamare restored by

per f or i mgeﬂsaqmmtzeﬁ@eurapmtzelaé quiizafeotheaifomatiohae@sding the

and the inverse-te . transforrmt cess on the

F anst S1hAE BRmEOrbRs bAREE O SorBaeAB RS o,

el i M ngt inQérsé SEHEANE Snsedrmiatién B¢ PEESIniin@a® favBie-spatial trans-
referenci ng the redundancy elimnation sequence. [ 15]

A st or gBaBIYPGRSSBEANdng recor ded thereon a program

read abﬁrﬁmbé!rs@te%ﬂ&’élttﬁﬁs%ﬁnﬁﬁﬁﬁﬁﬁ@p@foﬁhﬂ@%n‘iﬁ@érwtemporal trans-
met hod, said nmethod conprising: (a) receiving a

pl ur al fowlamnprpa@ﬁés constituting a video sequence and

sequen 3
t he pl h?%ﬁlqtgggééggg(g%@g%ﬁf%gga ouplm-&a?%l ct 3%&(;%, %%8&?‘% the
basi s, inyerae-spatigl fransformation peocass andithgimvetse-tampaaldiansformation

level ; %r%ggsts %Q)thegt%?sfoa}}naﬂg? é‘oe’%ﬁleﬁﬁs 1S AT O ?ﬁrﬂ:@telhﬁhﬂglon

t ransf I"on coerrticlen al ned Trom

pl ur al seqyernk of tenmsoddidsandsdrypefen¢ncinpcthe calnnganbg sliinéetion
elimnated. [16] The storage nedi um of claim 15,

wher ei WIMFTSR respect to frames at a sanme tenporal

| evel Amt(fi‘lﬁg%ﬂné(ﬁl)m hwiﬁ% t&ﬂtﬂéﬂaheré(ﬁﬂwﬁﬁgﬂﬁyrehmﬁ{l@bf a témputer to
sequential ly ate rom, aving a | owest
Pk ooy Pt T T e | o

[17] The r&bRimoepiRicy 6 ﬂimed @ynaﬁtaﬁng YRRICE! Iséqueﬁ&@:ﬁﬁi sequentially
theframss constituting the frame at the

hi gheselimigaiRg arem@vf&redl@dﬁww&weném Plyraity @%@rpes on a Group
frame pp ﬁﬁ:ﬁlt&@(@@?) tgﬂzs) stgrliﬁk )frm?a LR a0s higﬁé’dt %Hlﬂfral level; and

claim 15, wherein in st g , frame at
hi ghes() gemseting a biestegam by geantizingdransformatian Wéﬂpl%{lts obtained

t enpor r i ' .
TR SEHIMAE S RSB 8ty R
f r amesThyf stotage @eﬁumtdfe:lqlmﬂén whireiniwith sgspecito frames at a same

hi gh es{empor ?evei in step (Ia), ltiYe tee}nlpr(pra'f ?etd?lgda{nr(]:y thereof is sequentially

eliminated from a frame having a lowest frame index to a frame having a highest
frame index.

The storage medium of claim 15, wherein, among the frames constituting a GOP,
the frame at the highest temporal level is a frame having a lowest frame index in
the GOP.

The storage medium of claim 15, wherein in step (a), the frame at the highest
temporal level is set to an A frame when a temporal redundancy between frames
constituting a GOP is eliminated, the temporal redundancy between the frames
of the GOP other than the A frame at the highest temporal level is eliminated in
the sequence from the highest temporal level to a lowest temporal level, and is

eliminated in the sequence from a lowest frame index to a highest frame index



t he sequence fromthe highest tenporal |level to a
| onest tenporal level, and is elimnated in the

weemseswes f rom a | owest framesii ndex to a hi gheBCT/KR2a094/002989

[19]

[20]

[21]

[22]

[23]

i ndexwhen the frames are at the sane tenporal |evel,

where one or nore frames which can be referenced by

each franme in the course of elimnating the tenporal

r edundwahenythia dkames ate ajitlag samredespotahlevelywhereame or more frames which
hi gher r . . |.ey

The. ot STt ncbE b bach et ARl BA Rina it et
added tedundaecy hawmshiglet erder tteoh they fremehatfa lagher itampdral level or the
course _of elimmnating the tenporal redundancy. [ 20]

The st??rnéegtsmﬁﬁ'@?%%? clai m 18, wherein one or nore

f r amesThd stolage igligdihmroftcﬁ(ti]md?abvhbleﬂei grbmb @srugideg td thedrames

next GOP are e o the_ franes erence eac

e TPTEMEd DY gaduligme i theicAls A SH DS G s AGpotal redundancy.
r edundgReE storapbdilihtof Tl RMABE whBinlbiRf orGhért Makids abak higher

met hod further conprising elimnating spati al

r edund&RPyrab&rirbaionging teaneat COP ae addediia she igragsgpferenced by
the 0CORhIAL RIASIRRBrei:iing (A RIpSAE rédih@iry! | On

on a sequence of spatial redundancy elimnation and =

t enpor &he steemmadion of |clayinn$; sad meflpd fuphercompyisingedimimating
havi ng G I i
conpur S FeAERah SRR L AGATIF FRAEE okl e penerated bt
met hodsteenpliuitbémgpmpiisys imfarmation oy aisequenoaef spatial redundancy

r egar ding eRGOIRACLHANE R ANdaAy LoGHAdARCY el i i nat i on
sequence by recelVving and Interpreting a bit-stream

(b) obAatoragegnédian davingedconted tlerédrn £ pepitam fegdable by a computer to
i nverse-quantigi ng the information.regardi.ng the

enc odet A AaideodftabdiEs P o BREERR 1 ares

t hr ouga) axtrdchivig irfermdiivni ragarding Badoded rtines addha rediindancy

i nver sg:t.engor al transformation of the trﬁnsf ormation

coef f | BITBHELOR seapEnee DY JETFURS gndinGPIcHRE 8 SUG/BnCce.

[ 23] Tiwg oblaffiRORai¥ESHIANBA cEfBLIRNE Dy iMARILhantifing RMinformation
(a), information on the nunber of encoded franes per

G oup ropardingithe %Isco(l@ﬂif"?mfi% apdir t her extracted fromthe

bi t St r @3 Rstoring the encoded frames through an inverse-spatial transformation and

an inverse-temporal transformation of the transformation coefficients to the
redundancy elimination sequence.

The storage medium of claim 22, wherein in step (a), information on the number
of encoded frames per Group Of Pictures (GOP) is further extracted from the bit-

stream.



