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pair
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.



[6]

[7]

[8]

[9]

current franme and a reference frame are tenporally
filtered in the direction of notion. This technique

waoRdob/oswoglescri bed in nore deBail w th referenP@l/K&2004/002371

FIG 1.[6] FIG 1 illustrates tenporal deconpositions
in scal abl e video codi ng and decodi ng processes
enpl oyi ng an MCTF schene. [7] In FIG 1, an L frane
i ndi ddGes ilkusiratas fangrpna egoropositicas aigscafabdaredecncbdamg #0d decoding
d ency or difference frane.
Slﬁg ‘%a@gg&%%%%@ﬁ: ‘%hee%erf ormthe codi ng process,
f r arrﬂn pEGr b aatl frivec irolesds atlewrfmqabndyeoreﬂverageefrﬂme and an H frame

s b e e B LEGRorm the

at ccaiulig gb%sslﬁfa(m@pairs dteiveeloweanempaiat Bvelfard Hsst temporanly filtered,

transfo S are |nt orarily filtered

an@ 515 %f%‘?%%%f ’E?n?‘%sé‘ ? ﬁ]ﬂﬁ]ﬁf‘éﬂg én%%ffl%ﬁ and H frames

I ey@ lﬁgheé\ibn‘?;ﬁ&ﬁlqs\l’el aeagast Sﬁth@ u*ahgfoﬁhéce@ Maes erea@lﬁ t@kﬂporanly
L frane at the r\l%?g}ahest | evel and H franmes, which

padiergd apg Barpormeddniatiranies ik thehigher tsmpotH éewe}Saﬁﬁsencoder
mag ke W 4 Bi-S@Ldehy 68 &ranlmfrﬁh@at the hRAEG AR LAl fFa'i‘I?e)é which

are subject to the wavelet transformation. A tenporal
| ehas| pasted ileiorgh wewietdsseiormatim. The fmmasmaried vath 1 color in

l eP(R{} 1t gdltclc?tg%?at "ilﬁe r@ Elﬂﬁ&rt o ¥ %vavg@% GEGPUEL: t16§ SA ?%ﬁﬁ)ral level

franes by operat| er - c ored franes o
t hscgueeei pnegsgsses ﬁmuelheaﬁramcsaat@flowmaltv@mo those htea lmglmm levet. A

}c ;@%&ﬁﬁerﬁ?%\%g%g Fﬁm%gg %gr\!lﬁ%%ha&k%ﬁ@o‘?gre&&rafn ‘)t%ﬂﬁd through inverse

anes’ a eve
r ewamladrdnyfonﬁetmf inahe brder @ﬁfeamcht dre HigHer davel @tthodsiat che lower

| d four L f t f ¢
| o8t Tve Pldper et el R 4 relraton R 4 Lrame and an
f r HMeSn@dt (hied @hthorANnPel ard foay Blfrantdsndlitsy rengiopditic ¥ol arsasstored by

are restored by use of four L frames and four H franes

ot Uerhd TP LSFame A3 P H LOBFS T Bl Hgrinaly, S frames
el QYdtaed bh @sdbf BuNBIfraied ind e Pefrhiass itQH@ﬁfs@{elnirporal level. The
flexible scalabilit but it rmy have s

di Yi4ew g@ﬁlg@@@pl@ug}g t @orﬁ%réﬁl 1\@@ é@h@gﬁé@s |teﬁnporally flexible scalability,
unpudi 8¢ hé%be@édd@ﬁhtﬁ‘g%ﬁ keRtak EBoraﬂEﬁjfolr&lﬁ\h&Liﬁ luhf—bﬁr&rtlonal

Iowten'pora rates and so on. ere have been a nunber
of mpégre afteprtonded oy qualdy ahemndeappra saestind sewanthgye save been a

o SR A RS ARG M R DORRASRGRRY un-
ScmwambclM(bTE(UMCrTﬁ prmloseihbwljma@rwdﬂ‘édhacle @OS aluraga and
[ S | J TCl /
20t F Rt R der e R AR o b Mfetgrne: 1501
2 IHBJTE/SC22 WGl ].I,SMPEGGS/MWQI(K]Z) dénlanjposillt beodescribed with
scal abl e vﬂﬁgz codi ng and decodi ng processes enpl oyi ng
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dyadic temporal filtering may be possible in the UMCTF scheme by using the proper

insertion of an unfiltered frame (A frame). Instead of filtered L frames, the use of A
frames improves the visual quality at lower temporal levels since the visual quality of
L frames degrades severely sometimes due to the lack of accurate motion estimation.

In past research, many experimental results have shown that UMCTF without an



frames inproves the visual quality at |ower tenpora
| evel s since the visual quality of franmes degrades

W@ 2uasd6y6 sonet i nes due to the | ack of accurat BCIER2@A/002371

[10]

[11]

[12]

[13]
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metl¢sedb ove. An aspect of the present invention is to provide video coding and
decoding method and apparatus wherein an end-to-end delay time can be controlled
and an encoder-side has also temporal scalability.

According to an exemplary embodiment of the present invention, a method for
video coding comprises eliminating temporal redundancy in a constrained temporal
level sequence from a plurality of frames constituting a video sequence input, and
generating a bit-stream by quantizing transformation coefficients obtained from the

frames whose temporal redundancy has been eliminated.
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i nput, and generating a bit-stream by quanti zi ng
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The constrained temporal level sequence is determined depending upon a coding
mode. The constrained temporal level sequence determined depending upon a coding
mode is periodically repeated on a GOP basis in the same coding mode. The frame at

the highest temporal level, among the frames constituting the GOP, may have the
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#P%&rlcg}‘(ﬁgg tﬁe c&?sgrgﬂlgg C%%orglqg\]/erl %g’ﬁ&%ﬁéé Yid (?%' Ql%atlon each of

cons
t etip merahmhg\/felmeseqﬁeeqm or ante fefereh&n Barabd antasmporaﬂevels higher
ne .or,

each of i ni n ers
Coiip Sielt Sl e R of BoGrE AP HBHeN R AR Iopgehpn itselr
or arhlexﬁg,ethe fanes ar teﬁ@;’o?ll ﬂeﬁ/feEéqiﬁQ&:nf Foaﬁmﬁ Pl gbliy NEle¥Esrence
ower. t tse anon ranes at te
%@e%ifﬁﬁf(% t%ﬁ iminatg ghe Lerapo gffﬂrré uidapes frompespe V&@H%% comprise
f r SiESr thBffRinic@dviole BldeRdFRirénce hetht SRR, ahRHNBHBEMOre frames
fromrespective frames conpri se one or two franes

whiadng sawerdieelhigheethag thamsehichi num anmong one or

nor e fH.apRR lﬂ%és?féﬁ%ﬁh léV%}/@itﬁmthbi@P KR lowest frame
thensel ves. [25] The franme at the highest tenporal

| eipdpX-wi t hi n the GOP has the | owest frane index. [26]

In thg, lieetg{ﬁ Jdﬁl%ﬁ'?lg?Q?%uﬁ Engﬂ)%géscq& ?ﬁ&g ?e?féreﬁ{@fé%mes referred

nmore re ere frames erre each frame inc
t heyrsaihfesne fﬁhbldé tlarmslvcsu flihe rﬁltahy:s icwrreritly ifi ihet f@ltdrimg process are

pr gﬁ:c% & NS ené:so\g/}e (%e ale ratio [%F&teé%}grs% emseh;egt | %ettgrfallt)oral
they reters hensel ves ™ oral redundan
el reﬂumﬁhcyoahrpmanels pracsssoererEMpmdadeneedwaiwoﬁmhue of

rati Zte ref erenc ames refe d in
t orp PTG ARG <G T AAES BRPBFS EELE Ty Ehigphation process
c Ofﬂiﬂﬂlbﬁﬁ)rﬁmﬁe@he P herd fraf@satahe hdx@ GUIX twHIEPen@odd Gcvels are
or a{l |l evel s are hi gher than egch of the f r(g S
3 Gaih oD e e RPig i BB S g Ripse e Hpiepmporal
dl &%@H@eesrr&rﬁ efehestche ﬁﬁmémnfehayrﬁﬁth@ illeRRg bockdd Ak ithin D.
filtering process are within D.

According to an exemplary ernbodlrnent of the present invention, a video encoder
comprises a temporal transformation unit eliminating temporal redundancy in a
constrained temporal level sequence from a plurality of frames input, a spatial trans-
formation unit eliminating spatial redundancy from the frames, a quantization unit

quantizing transformation coefficients obtained in the processes of eliminating

temporal and spatial redundancies, and a bit-stream generation unit generating bit-



[28] According to an exenpl ary enbodi nent of the
present invention, a video encoder conprises a

W@ 209p0s®be t ransf ormati on unit 7el i m nati ng t enpPCEKR2004/002371

[29]

[30]

[31]
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[33]
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redundancy in a constrained tenporal |evel sequence
froma plurality of frames input, a spatial trans
formation unit elimnating spatial redundancy fromthe
f r ¢treegns by ugeahthie zaritined wranslouativni coefigiantsansf or mat i on
Coef f'[*h%lv?(ig ﬁerg &% &?{%fdr ah S uftl 8ﬁ1%§nsa?e§ tglIl (?I‘l frr(%hﬂ%tahp}gof the
npor al danci es 4 Dit-'Strean
g efreuna:t armhrammuts ge:rfea*rad:s \n]gosb |t¢rspore]aﬁdmtdynqslms ket Hléminated to
ntlze nsf ormation c i cien The v
ﬁ“ﬁé?%ﬂ ﬁa% %ff‘%%%r?ﬁt“f“&na“zﬁirf RAH: if%‘%;f? é‘lﬁ%’PélP“ cfifihates
r emndlaadumd@ﬁcﬁ dtahé franies waost tEﬁl@G&Mdd&nddﬂey hiistees eliminated, and
se_t enpor al redunda has en e|limnated to the
fehy tﬁ%’é%ﬂ%ﬂ?‘? bYf ﬁ%‘?‘?ts Qipgh At Rs LBt ?thﬁlspa“al trans-
t r ﬂﬁﬁlﬁ@érﬂﬁﬁlt SiminAick 1R dpaiidl dt @R ASRHtIf Whe FABSNERNEY walelet trans-
the frames whose tenporal redundancy has been
el {a1AE®Rd, and thereby the transformation

coef f’[’h%'sﬁﬁﬁa‘i ot Rh 2R EodcPblifHafes rbdidaddor #RAkiAs throveh
trans formation unit elimnates the spatla r edund ancy

of warRlelftraaptosmatinrougHranamés ge framgssvirase rpatiabredup®oty has been
'rl'h i %H% tl#ert@tﬁg&?f Hﬁ{sk&[}ﬁﬁﬂﬁ f ?ranﬁl l:léH tﬂ@te?ﬁporal transformation

edun ancy 0 rames throu
t ramsélonimates tampzomal reduadgmdytef thmﬁamcsawb@sewhm rgjuadimgly has been
re Y I s ]
R RAT TP Gt SRR Aea
tr anmnmpmmmrmfdmmhbmhmiatmmﬁs&wmmcaionreedmmﬂnanmit afftaining
th ose s at| al ﬁedundanc

h . .
181‘15‘%7%0 ors{roma p aéll%/ of Ames mout %}?{Eﬁqrge rt1er1ng unit temporally

COﬁftéerg 1@I’d:bﬁst@ﬁr&d&&hpdnﬁléﬁvel[saq.den&'@ &rotetfiP pluddlity of frames input, by
transformati.on unit es. a.noti OH?eStI matilon uni t

obb S5 01 PR T ST RoISRIRY B ISF EiBMer e fnstrained

| NRufpora lév%['ﬁgﬁéﬂcef Thd &fﬂsﬁﬁlné@te&nﬂo@ﬂﬂ’&kﬁkdqﬁeﬁde' WIREH 1@ mode
in constrai ned tenporal |evel sequence from:t

pl EFGEPR P HCFBmES IS haghsk on bperipgicabfunchien SoGORize.

vect afg ’m&fé@e@cﬁ&g@n@@ét@&ﬁlh&r&é’ B(')ﬂstrgﬁlteg Eéﬂlﬂﬂrﬁl%\té" 1€equence of
constrai ned enpor al level sequence. he constrai ned

t efrpoesit thfebléhess tfhe fyeesiveimperal ﬁ@/elﬂﬁcmé of dlages pofic gmiatlest to the

det.g I

SB35 Whse bR Prpheop letablan LR oo

c omuelmerdettrmewptbryahe medekclerignend enayfbef reaivdsaldy rephged on a
hi @Eﬁﬁt t.0 the | owest tenporal |evels and of franmes at

bas S.
t he “snaf ] 68t to the largest frame indexes in the sane
t enp dﬂmlméda\selecudihmmdmetmlaesnhd cmmamea keohrdllevel sequence by

det d by th t
S oA P S Tosiut pe e’ uhk Tt AfE feie Tt fove
m)dﬂustﬁiefw tl’ie(EBquﬂﬁbé ofiiBéynt lﬁlﬁhl}gﬁ&t ©ahs towalsn@shporal level among

raI v nce by reference to. the dela
eﬁ&?&ﬁ«"@f exqm@flél?wecoa%ﬁa@mﬁfe% ?ré ot the lowest level,

| ewﬁbse&@ﬁﬁsﬁpfédh@ahbﬁ isSfAl Hﬁrﬁﬁﬁte@f aﬁd @%&@hcé JSIQhe frames at the
hi ghest to the | owest tenporal |evel anon frames

of SPHigekiedhe lsrecsk Eameingdgxes in phewwsdemeeil %ﬁ’e]t he frame
at t gl t&ﬂﬁ&ﬁl fll@é{rfﬂg’umt eliminates the temporal redundancy on a GOP basis

according to the constrained temporal level sequence selected by the mode selection
unit, where the frame at the highest temporal level within the GOP is encoded as an I
frame, and then temporal redundancy from respective remaining frames is eliminated,

and for this elimination, each of the remaining frames refers one or more reference



whose tenporal redundancy is not elimnated, and the
sequence of the franmes at the snmallest to the | argest

W0 e@esionddexes in the sanme tesporal |evel. [ 34PCITRK&2004/002371

[35]

[36]

[37]

[38]

[39]

[40]

[41]

tenporal filtering unit elimnates the tenporal

redundancy on a GOP basis according to the constrained

tenporal |evel sequence selected by the node sel ection

unframessitdempeorklef¢lamghert thathiseh erhrelsts anerpporcat réfengage frames

W &Hbé% iﬁ@&e%&b&e@tﬂ%@ ﬂgeqf gﬁwﬁg {}le ffre[n‘fil&ea’t .te%%jor!llqg%l equivalent to

tenporal TedundancCy Tromrespective remaining ' Anss

i sitellfi. Whe atfednceafinang mfertdul to edihiimite dteitamporebieiuafaneh&om the

repai ni ng frames refers grne or, nore ref.erence%radrﬁs at 6

t etABFRIAY SUBPUSHINGIE AV FaRert e ine thy Mymipdndgligprence from

nothe fraéfecsieoady forthetiteMOp@ctsRoen@s @letrintore frafddant higher

itself, rmgiﬂ th@Ff ramslg falt tenporal |evel equivalent

t olepoEl feversihan e spraeitly filjesing %rred to elimnate

t he tREPRLR at iRAMIKENECIpbFP IBvENRIithinh ARES OPHAs CRITBMeSiQemporal

one or .two franes, having the m ninumindex difference

f r GAPE MKy ane currently in the filtering process,

anongryg Q&nﬁ&raf@l&&irfgr@ﬁ%ﬁﬁ& iRb1gR8thd £1RE ﬁﬁ{renlﬂ?\{ﬁ W1 filterin g

than the currently filtering frames. [35] The frane at

t heropesglie Sie relergnee Hlameevaderred vhemelinpiaataerthp sgnpdsal redundancy

| o t SH_-RQ lg: i . [. ﬁgp@] .

fi T}?@rtlh%}g umEI? ﬁfh%%e?lhqgardu{] %\gl)ﬂblgl gﬁsﬁ% w-egnﬁpgrre c{tf?lrn nutnlltyenlur)fjleS the

t heirfeintly éitered fpnocasse Itfonichehere filer riic éhat therpsentéf Bitered frame

wh Li g i ral. redundancy fromthe

cu%?eerg t%@ﬁﬁ%@%%@%?%ﬁ%ﬁl%ﬂ\?a]tuﬁi s time, the tenporal

filt dhicrbi-dtreain genecraders utibh geruatestht bit-strichihendotifig arfiernasion on

an_| frszms gqeret e ratio th hte current| .fiI.ttered (

f r MSOPRRIY FPRYRE ISy Sgguepcy: e&)ﬂ SHSH O EHIHAHOY 4Rl g1ay generate

L3t_h]3 thJiwreblhl_tinélltl(ﬂiﬁgmfgﬁlﬁ. E&f Joatonahe Sﬂalhéncgﬁ BEélﬁhBﬁtiﬁ@%mé)oral and
It-stream | ncl udi I nformation on the constraj ne .

te%ﬁ?&?larleglfné\?%?w%g?fg‘gﬂ%‘&y HEngion.seqyeages F“&tad“‘oﬁanﬁoma“on

ungderfi@yntgenerate the bit-streamincluding i nformation

on the sequences of elimnating tenporal and spati al )

r edurfEREd RS oG HBkY: §mBPdimeAR he Pesgidheatyn.tagrideo decoding

Obﬁl@{h@dtceﬁlphﬁé%@tr%t ihRPmaR&t b4 EARALS fra1[11§_§ﬂ)y %&Qiﬁ’/f{%‘ Bi8streams

to an exenpl ary enbodi ment of the present invention, a

vi dient addogriglitethpadokiampg tsansfosrpteiteqohlacienis by navirem

on(@@d@lﬁ?ﬂ?%g n tim{ h AL fpa{ntl 35S Eﬁ(ﬁ%gt%rihg B{étfrﬁﬁ]& through

i nterpreting them obtaining transfornmation

c omivEiscitanpaaldyans fovenps@yolaht iransigrnatienicné bicreatsi io theogpnstrained

t h%me%gaq?gv%l ger anes, and restoring the frames through

i NVErSE- errporqa? t'ransformati on of the transfornation

coef flh cicemttoration kfep, tho fiairneanreatdissiphrakh tevieverse-temporal trans-

seguence. 9] In the restaration step, th@{lra S are

o b{FAGET PG HgR- PR et e P B F PN 5P ey GRS vavele

of trily€orbiaéios bomeatdudantgoef fi ci ent s and subsequent|y

throLi h i nverse-wavel et transf rmat'%n olfj.the ,

r esullf St testoration step, the frames are obtained through inverse-spatial trans-
formation of the coefficients before the inverse temporal transformation, and sub-
sequently through inverse-temporal transformation of the resultants. Preferably, the
inverse-spatial transformation employs an inverse-wavelet transformation.

The constrained temporal level sequence refers to the sequence of the frames at the
highest to the lowest temporal level, and to the frames of the largest to the smallest

indexes in the same temporal level. The constrained temporal level sequence is pe-

riodically repeated on a GOP size basis. The inverse-temporal transformation refers to



[40] In the restoration step, the frames are obtained
t hrough i nverse-spatial trans formation of the

weowbshswdent s before the invepse tenporal PCT/KR2004/002371

42] |

[43]

[44]
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[46]

[47]

[48]

transformati on, and sub sequently through

i nverse-tenporal transformation of the resultants.
Preferably, the inverse-spatial transformation enpl oys
animvmetm\féteemg tof thedfammasastaning (fonTthe coorret fimpedt the

lglglgers? P{p%ﬁzﬁ ll%\%?%ﬂleﬂg rs:?lﬁ g \Acg)g% Rﬁne%e[ gpr%ﬁe%ll s%&t?ence

amzhthm thé&CGR.anes of the | ar gest to the smal | est

i nde n.the sane t The onstral e

| oo coputrired B hE R Ry Buferiiy SRS dhe cpdine
GHodé¢ aofdasios exiFiged fmmrtﬁebiteﬁmn adput rﬂﬁ&bﬁftfmiddaﬁmporal level

referstmnversete rln the frane

st HAFHG ¥ P?ﬂ-ﬂdﬂ%élyé 6@ d’nfargé{?&”ﬁt agif in Wé%&?o‘ing mode.

t enpoaralcoliRy @hoRNAfoPh OGS SEtehiiAg ttﬁ&dﬁ@t@zﬁﬁé@ﬂeﬂ?@ral level sequence
tenporal |evel sequence, within the GOP

coMaY FATAESE atﬂe%&otpaﬂnd|dél%|cogfé%}w@f?é@t¢@d&eé? erf@gstrained

aC{eH] p@kﬂ@exfepséqtlgn&%te?&déﬁ%ﬁr thd &R b@é‘m@&frﬁaﬁ% rogressed
fromthe bit-streaminput he constrained te ra

| efrem thegurededmpmcharthe Bichest rcythﬁ &peest eanperal de n@@%ethe frames
Ibﬁg n%{ﬁleg i eSSt eggé%'dﬂl% néa‘h%])n 3 e?&q{enﬂ leq]gglest temporal

etermnln tralne npor a
selwdn vhidreps oofnyst bem dmom am<bfremdh@&ma1ys @tdh¢ tagtest to highest
pa nstrai ned tenporal |evel
sefnﬁg%ecszﬁc}%tsa%%rgg&gl;letsﬁe codi ng node information is
pr og r'I&&se(dimﬂarmm dhltmnz&ramcsdmnf:e amasaatd fioen the hitesskamdnput.
thelovve t enpor al evel gftEefa shvn (ied d
i nde>ée0§° & OAOSEGR be‘in i 'G5 RIS TPy eI O decoder
t hﬁ:sio@‘ﬂlgﬁfanie@m@ﬁf abitlsevah mp&hb@rﬁpﬂ'@s afbtstieain ibR{Fetation unit in-

decoded, and.fromthe fra sat t he | owest toh hest
m@él%lfs%ng% Hestgapmgo F’étﬁi% propadipgjon 94 ed+ F?éﬂest cirom, an

I ephy B aGYntRhaiion {ﬂﬁt inQBrséJé‘l@ihhﬁM@g thé cfeddedEltaffé ihfoPihidifto obtain

bit-stream i nput. éleAccor ding to an exenpl ar

ems@ﬂfif%m@fw%ﬁoqfﬁ@ebﬁs piromN APt $TefsPatial s tprepatioiwiit

]?é hiih b &RESpdfaP PR GdatiBh HRREYS, ARHAn HOBRE te%?[ﬁ)rﬁ trans-

stream i nterpretatl on unit in terpreting the

b| formptiemwit peréormincinvense-tapparildranshorapiéaideraoedss dhgeonstrained

t h&%ﬁ; of 4 'i@ve?&q'u@ﬁ’c%r ¥ elgﬂlaf%dagsgg&éf* %tolll&i th o h inverse- ternporal trans-

i nverse-quantizing t e enco rame 1 nfofrmation

obfcaination pnmsémsnczftth@tramscﬁtaﬁfanon endibicicher ef rom an

I nver’lshe dec d Lo arﬁl o Or rmtls,e% I’gln liIIIi]VCtI”SGDV%aVG?Ct arangformatlon unit

i nverse- spatl ar etrr Anst 6P et 1 on pr OCESS, I nver se

t em:rﬁrrahng maerse frawetat iramsfarmatiop ef tho lrmuttgt_lts obtained by operating the

I nver lrans mat 1 on process | a . .
coNGITETHEAT EaraE 0B Tl Rt Brrferonmit

ar e restvideddctbded dgthcr ByRpHestaa PRl sphtidnSnéform@ionamit
proc sses of the transfqrmation. coefficients

6] The .
THRRSGOUEEISE BRatigkirans P%gf tﬁ@lﬁ%f@]ff%ﬁél%@%é@eents wherein

t r@i@%éﬁ[tﬂﬁ% 1RBudhthé irRBFsE QpaTal BrahdM@la%i8n WRHR tBinsformation co-
transformati on of the resultants obtained by operating

t helficieansre ivaisedempalily (rapséermediytthe tiversp fpapageal transformation
tepperal transformation unit.

The inverse spatial transformation unit performs the inverse spatial transformation
based on the inverse-wavelet transformation, and the constrained temporal level
sequence starts from the encoded frames at the highest to the lowest temporal levels.

The constrained temporal level sequence is periodically repeated on a GOP size basis.



[47] The video decoder further conprises an inverse
spatial transformation unit performng inverse spatia
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wherein the resultants through the inverse spati al
transformation of the transformation co efficients are
i nverse-tenporally transforned by the inverse tenporal
t r ansitherimeersedampaial tralﬁSi@]maTihe upi perfemssipa¢rs@icmporal transformation
0 e | t

tr answlﬂ%{sllso %n Q\lse o(%d?%e eft%%el}lg%\ég feniSi o%zﬁfay flﬂ?elred starting from
t r dnsfaorasat iherhjghastdethparaLlendtio diosedt the hporsalenipevallevel within the
se&wce starts fromthe encoded franes at the highest

e |l owest tenporal |evels. The constrai ned
t enpdelbit-srean isegire@den usit aﬁfdccsdhﬂﬁdnbuorr epeatiegmote &rom the

size basis.[49] The jnverse t
TR Rt s NSRS 8 gﬁ&l&@éﬂﬁwﬁgpequence according to

t r ;e Th@EBddR InfRAM A (AR hB 86 straindd Gerh iR al8BEQ d&fhiché iR BSriodically
are inverse- ten‘goral ly filtered, starting fromthe

f r pgaiegon f (OMPYest ~ t enpor al level to those at the

| ove sttt BARE Middel iRN6Ehaitbd Mt nlifie Hdeonk@fhed@fiporal level sequence
bit-streaminterpretation unit extracts information on

C oSRTRARF1SeH dk cid-tnendrdeldi qangol paamPIRp Lt WasE tike@nsiriined temporal
t hﬁvgl gaﬁén% Hggrlﬁlﬁ?@[;%gde éoﬁ&%ﬁéﬁqﬁﬁﬁgtlﬁﬁ%@r&ge& f}f)m the

the co e constrai ne
I e«miod@ief{amm:@ thehiplgsi tedhe &west rcapot é@etsranwngﬂib frames having

bat°h nde[x?slxllot etlgeeﬁf) %pﬂgn {;Boxﬁé nﬂ oF Hi%tﬂra% aq Gt‘l]ie Weggtgrgﬂoral level,

t he “constrai né sequence conp

endhich-hasn do@elt bgenadznddeal agphframeahefraiies athtbe kemtebﬁo highest indexes
ons rai ne rai | evel sequence determ ned by the

codit %S%% Hlpr?f % ion is progressed fromthe encoded

f r ameheatdundgndyi egllﬁﬁﬁitl(ﬁlQCQMCé avBssuctte el @k inpRv efrém.

anong the frames havi i ndexes, not. exceeding D in
conpari son of the fraﬂgsﬁﬁlppﬂg Ocy;vég'fa‘?”&gﬁoral | evel ,

whi chrrRasoroindy®herlidfiisd eeaf@tandaiadadthReot iR ﬁrés@ﬂﬁﬁveﬂtmn will

the I owest to highest indexes in the sane tenporal

| ebemorq Jegriyrelersiepdrienin &ie fellpwingaletapled §%%$ﬁ@ﬁe%ta1k§n in
extspeiceien Widnhé Q@co’nﬂﬁﬁ&mé tdfa%@lﬂgs BeRfichption of

Draw ngs [ 53] The above and ot her objects, features
and fd ahulaggste@fenméalpie@@émsnmwemqa&ﬂbla/\f/Mw erulingpnsl decoding

FRELAOALHO A MEPEUEL o) | oWt g det al | ed

n in conjunction with the acconpanying
d r avmﬁi@sz iliustrafes tﬁmpoﬁzﬂzd]ecmpbsuloms lih srsdablet widea enriyeg @ld decoding

SeSRBSELL AR e il oo codtng apd decod o

[ | | USHIGaB &sa fuantiarahblodie dmglpﬂsﬂllusmmgl ascslabllcatide® encol&o according

AR R S eR LSRG T IR, AT

i || usGat isluacseal blokk dipaailepenigra eeablcdid® cncoder according
to an exemplary embodiment of the present invention;

FIG. 5 is a functional block diagram illustrating a scalable video decoder according
to an exemplary embodiment of the present invention;

FIG. 6 illustrates a basic concept of a successive temporal approximation and
referencing (STAR) algorithm according to an exemplary embodiment of the present
invention;

FIG. 7 illustrates many possible connections between frames in the STAR

algorithm;



to an exenpl ary enbodi nent of the present invention;
[57] FIG 4 is a functional block diagramillustrating

wQ2@sasmd e vi deo encoder according to an exenpUHKR2004/002371
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enbodi nent of the present invention; [58] FIG 5 is a
functional block diagramillustrating a scal abl e video
decoder according to an exenpl ary enbodi nent of the

pr esdil6. B fsteicorsleeBOhg Pei@ees GORsustordingdo an baghplary

geﬁ&}lmgflt Oaf(t@éll_ﬁ\]%gh% v%nﬁ oral approxi mation and

rencrn or| accordlng to an exenpl ary
e mbodilGehillwtratch posp[lﬁs emtnectiong eivarn ffaé®k idkh@-dyadic temporal filte

R T L o

r ef er@Gc mglubemeporssw&naeamnd bag«et:@ framee Xewplpardy filtering where
t he present invention FIG 9

errbodl
| PR %lfgfsqos T REHREIE F 6. BRIEA 19 rgReamiagy cmbodiment

noafﬁy@ggsgnttlmgbﬁxl filte ring according to an
exenpl ari/]r enbodi ment _of the present invention;

FIG He ﬂllﬂétr%ta% RSSIbicMBEiong RAIVEED HRgeh Et Rﬁ@@ﬁral ]fﬂtermg where

fr aERadiifch&00Y 8dnifdl bh@hicRY iVhIR! §cc%ﬁhﬁ@% ztnoe)éﬁff)leg@ le@¥odiment
control parameter is zero, according to an exenplary

endlodf pessentofvenenpr esent i nvention; [64] FIG
' l ! quIGa] u@&ﬁéé g&\?\ﬁ‘f@%ﬁ &10%9 get?%%ﬁﬁgﬂlgge Frgfgﬁ@ofa@ filtFring where

mpor al ere the en ontro
pathamatlém en@ dfdmeporami paingtyr isotheae, accendih@ toyanegrsoghlarent

Of BB AL e pRUGTIBEOS] FIG 127111 ustrates

connect 1 ons weeén franmes in tenporal
f i1t dilGn3 lhetrated passibivednne@ivas Hetwayn €anics ol tep@bﬁﬂrﬁﬂtemng where

is.thr rdin 0 an xe Iar i ment ., of t

oy e w0 AT Dol 8 Al KB R g G sBe i LChagting to an
Comiﬁiﬁlzh@@ﬁlbbﬂin\i@ﬁﬁf&E@E@Snﬂlﬁvdrﬁk’mor al filtering where
A AR R TE O 2 R ok
Of t GPI £ ARBErattMY&BIIORNNEQiths bbiGReed frahlel, UShipak RS four
forward-, backward-, bi-directional, and intra

pr pgricpiighmadesds eyl fiadng pscqrdingde Aa cxemplagyghadiment of the

COPRESH iRRRiALt ween frames, conprising four
predi cation modes in tenporal filtering according to

an edfplaiipserood eamplopl Yideo prdeageitiastisherer girdeo[segience
FI f ep;.coding in fast

ch %ncggdh%ﬁ)tdﬁégggeznqﬁgrgce ac crg? |Orf1‘§k?ogt he exenpl ary
enbodilGeht ilbkstr#EGin GEMlT0f vidta3:odlng inl slaye thanged vako sequence

.. deo odln anged vi deo sequence
cchgPufingla b ERanE8S g S  BRaRe o H o 16

FIG. 18 is a graph showmg peak signal to noise ratio (PSNR) results for a Foreman
common intermediate format (CIF) sequence in a video coding scheme;

FIG. 19 is a graph showing PSNR results for a Mobile CIF sequence in a video
coding scheme;

FIG. 20 is a graph showing PSNR results for a Foreman CIF sequence with
different end-to-end delay settings in a video coding scheme;

FIG. 21 is a graph showing PSNR results for Mobile CIF sequence with different
end-to-end delay settings in a video coding scheme; and

FIG. 22 is a graph showing PSNR results when a part of a fast changed scene from
the movie 'Matrix 2' is encoded by use of four prediction modes and is encoded

without the of use the four prediction modes.
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FIG is a graph showing PSNR results for a Mobile CIF
sequence in a video coding schenme; [73] FIG 20 is a
graph showing PSNR results for a Foreman ClF sequence
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sequence between frames constituting the GOP. Thus, where the number of frames
constituting one GOP is n, the last frame in the temporal sequence has an index of n-1,
by defining a first frame of the GOP, which is the earliest frame of the GOP, as 0.

In this exemplary embodiment, the frame of the lowest index is used as the frame

having the highest temporal level among the frames constituting the GOP, by way of

example. This should be interpreted to mean that selection of the other frame at the
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Temporally filtered frames are transformed into transformation coefficients

through spatial transformation. The transformation coefficients are transmitted to the
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FIG. 4 is a functional block diagram illustrating a scalable video encoder according

to an exemplary embodiment of the present invention.
Referring to FIG. 4, a scalable video encoder comprises a spatial transformation

unit 60 eliminating spatial redundancy from multiple frames, a temporal trans-
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WO eansiong a constrained tenpral | evel sequenRE&l/KR2004/002371

[90]

[91]

[92]

[93]

bitstream and del ay paraneter and the |ike are
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to an exemplary embodiment of the present invention.

A scalable vide decoder comprises a bit-stream interpretation unit 100 interpreting
a bit-stream input and extracting each component constituting the bit-stream, a first
decoding unit 200 restoring the image encoded according to FIG. 3 and a second

decoding unit 300 restoring the image encoded according to FIG. 4.



scal abl e vi deo encoder having both scal abl e vi deo
encoder -si de functions according to FIGs. 3 and 4
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sequences in the schenes of FIG. 3 and 4 . In this
case, the redundancy elimnation sequence can be
included in the bit-stream The redundancy elim nation
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the bit-streami nterpretatl on unit 100 interprets the
bi gerspden #por gafipdFasiprmation type of encoded frames. Where wavelet trans-
formation is used for spatial transformation, inverse wavelet transformation is
performed for the inverse-spatial transformation. Where DCT transformation is used
for spatial transformation, inverse-DCT transformation is performed. The trans-
formation coefficients are transformed into I frames and H frames, all of which are

temporally inverse-filtered, through inverse-spatial transformation. In this regard, an



determ ne a constrai ned tenporal |evel sequence, i.e.,

t he sequence for tenporal filtering of the frames when
W@ 209possmb6 r edundancy is elimtgated. In this exeOKRRG04/002371

enbodi nent, the constrained tenporal |evel sequence

can be determ ned based on the val ue of a del ay
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t hRATFLY - asﬁggrﬁllgoﬁllﬂg?pr etation unit 100 of the
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i niFBresentehat aAFyAt 3shgraparaldeysl amhe neqewry Bagpaie dpcated, for
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const It Ut he vi deo sequence. I nver se- spat i | trans
exemplary em odlment the F(0) frame is at the highest temporal level. At the next

temporal level, temporal resolution is successively refined, and missing frames with
high frequency are predicted by original frames with already processed frame index. If

the size of the GOP is eight, the frame of index 0 is encoded as an I frame at the



formation used in the inverse-spatial transformation
unit 330 enploys an inverse wavel et transformation
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frames in the constrai ned tenporal |evel sequence with

mai ntai ning tenporal scalability and controlling the
end-to-end delay will be described in nore detail.

[ 1ighespsomodil heyet, and b fpm@;ehmdézw eranicoded dstaniigter-frame (H frame)
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I[ | fromts @ﬁlgﬂe)@s b;’glfS Iéba;}rﬁlmg ERpdin ahe tdh '&]’gf&ﬁl ﬁiagﬁﬁ inbdimly refers to
108] To descri be e basi c . concept of the STAR
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t he hi ghest tenporal level. In this exenpla

entisarerbby referaecertp dye dacagesl frames oftindexgs @H@@ﬁ wmm fpmes of
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as. | ter ra

S usi riqinal ranes of i ndexes 0O
an@elest feqyor e‘lfelf st f‘é‘fg ($ &fé’& ler-gide gan, gefuge g‘}eetemporal
engda;a@quﬁsw Bizﬁﬁple fiF aﬁr@[&oamgqﬁbms QbpOWAG the ffﬁ[’fﬁ:ﬁ oPfndexes 0, 4,
i ndexes O, , rein, the termQig

f r AARA 6 havg l?ﬂey ep@?d@fistht: éechdﬁﬁﬁ@e gefpsies Ehﬁtﬁaﬁ‘@‘fsé’f V}dﬁé‘%ﬁ 0 and 4 by

S eLHHGBRLE to %déc&dé@afyalﬁé&cd? iRRxEs6D 4:R1 6 6Y Ferferléﬁ’ceftf) Ql'f@aéecoded
obt ai ned by decodi ng frames previously encoded

deﬁ@@ﬁfh@f ipfexce §aind thin thiszase, dic dasedsr-spde agnfoupa frarnes 0,2,4 and

6 9RDre (TR bBe FAAS: e S ciinded AEGQRRS b exemplary

rraﬂnbmdlmbhté if eremdesl ioto dmldiexes ratheaitithnGindr Gaaie a:@lmdlgtfyr operation
refet ence to the d

[V fr]arnes SO as O ma1 gallfl Ehedsnc%c?er Zfl(ﬂqumgorapscaga%ﬂﬁ

nNes 0
_as [ r‘itoaronipaaamen\tmtloﬁl ecﬂaﬂ:ﬂe video tbding elgodﬁdlsfhaeﬂmm MTCTF or

boPRC T iyt Eaderid EhetRL st M E e secleBigR pes

s affsutile pRt@ingnho cagsordllsomabivity. KAy R EGsde at@PPa Blframe or
scal abilit n the ncoe rside. The er si de can
st @bgéfa% lovgl a1 roited (gcrdrian e desodyae process.
shgehdvaede @efrﬁlﬁ@ 01f heMefraMp af e hpBedtd&BHdral BIRREAbe obtained
level . That is, since the frame at the
only after the encoding process completes, in case of MCTF and UMCTF algorithms,
but the decoding process can stop at any temporal level.
The requirements to maintain the temporal scalability at both the encoder- and the
decoder-sides will be described hereinbelow.
It is assumed that F(k) is a k" frame and T(k) is a temporal level of F(k). Temporal

scalability is established if a frame at a certain temporal level is encoded by reference



hi ghest tenporal level is first encoded, the
encoder-side can acquire the tenporal scalability. For

we2asps®oe i f an encodi ng procass stops when t heCT/KR2@8/002371
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of indexes 0, 4, 2 and 6 have been encoded, the
decoder -si de decodes the franmes of indexes 0 and 4 by
reference to the decoded franes of indexes 0, 2 and 6

bytortb¢ énenaea tampdia lehet ogend tf prlpsssthaf thie tetepers! 1ovelnkbr 4xample,

I nthteg%a C(ﬁs Sdextépga ggtrrg $lo @hqf nstfeﬁ& ﬁé’%&%%&lﬁsr ?%gcc'auge th% 'encoding
hi ploests ctumqb eiloglat t}E\fﬁime(sk'-J(@denes (harsl € ¥engdl @feyence is permitted. In

enb di ment enc iLnt 0.an fra rather than an.
DRS¢ PG F G gl oP Sheauel VS e Bt b b Bde ] s

aSeﬂoodéEBplﬁt/@uﬂyI Aeetemﬁvcx&fdeﬁer@bd erainespdichlcas ®akrebiréd by the frame

[1 . To .conpar cQ tional scal abl e video coding

alé@$ﬁ%é%9§e%é§ﬂih Wﬁg “or UMCTF can have the

decoder-side tenporal scalability but the encoder-side

has trouble in securing the tenporal scalability.

RefRe= (F(@) (B(IP+BRo) Drof{T (B=T (k) lardt feerlgpy an A frame (1)

at the tenporal level 3 is required to performthe

decodihrge PHRAGERSs a flaeYRIex. the L frane or the A frane
t he hi ghest tenPoraI | evel can be obtained on

at

| af t erdn EqEAER Hi(HY Dt Goeand Ao megrsthag ﬁﬁare%@ép%formf@nporal

anfiu%&u@k&%hémbse@m thtefe@n Q%k&&gﬁﬁé&@ssént?@ﬁode) which
at” any tenporal |evel The requirenments to

rraWﬂUa@d\eSPh@qléWpor al scal ab| I i ty at both the encoder-

P ABEAEL Ay hr b ISR ARSI BHDRE) A e
a badaporal |evel of F(k). Tenporal scalability is
esta '8 ed i e&(je R,@t a certain tenmporal level is

‘he frane at a tenporal |eve
equaKllEmmﬂeM&ﬂﬁsthanebthKHnnadehhmuel For exanple

the f dex 4 t ref
| ndel® SO G o EBRHLEHE bk fropPo el st pg encode iner
st pedition Fsidunid neing phsditsid ee«fe&nae aadedsatibfyspclquation (1). At the

| A BT BCL e RNG 1) B - ABR R Ipdhe orderof

eng@d@ﬂa@ﬁﬁmgmgsﬁymeﬁm§g&gR of reference franes mhlch
can be referred the frame k F(k) is defined as

Eq uat(to’b]ﬁelleﬂ Ope[rq%)g](Z}:\un-t{l Iatl|t1)16f frq-lppg a,rqr(sgg()degf and then encode the next
(( éﬁp)u-nﬁ Eﬁc&dl ﬁlﬁi@f}a}m&lﬁ chripttlegwhere T indicates

a frane |n ex 1 I'n Equation (1), ((T(l)=T(k)) and
1(1=k A Predess ofFc -"-i) perforns tenporal filtering

MAth(qﬁb%&gggﬁaﬁ@tﬁ%ﬁgmﬁlgﬂnihe tenporal filtering

Intra wi |l be described |ater.
1[ 116](2)MReccen tlmdirarge st dexldcmgpmaylepelosewsaeparseliagpneh fames among

STﬁ%aaly %géc)ld%!i] Ifrlla}/}llels.l Atbtﬁe gaelﬁg {ein#f)%gal kfee\JeE%e frames are 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.

As illustrated in FIG. 6, the frame marked I is intra-coded (referring no other
frames), and the frames marked H are of a high frequency subband. The high
frequency subband indicates the frame is encoded with reference to one or more
frames.

In FIG. 6, where the size of GOP is eight, the temporal level of a frame is in the



[117] Encodi ng process operations: [118] (1) Encode
the first frame of a GOP as an | frane. [119] (2) For
w0 b@sPHsmaes at next tenporal d1evel, nake noti oPCT/KR2004/002371
predi ction and encode interprediction residuals using
possi bl e reference frames satisfying Equation (1). At
the sane tenporal |evel, the franes are encoded in the
| efaquenseral §he, (@r@etl, Bi h DHer ibnsieativefputposed. bwadtitiang there is little
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[127] ] ef t tHowdvie8 Rhe@d @B Fratiens hh@le@érﬂlﬁfral(lfsvdl RequcavEsto, 502, 6; (1,3, 4,
h| hest frame indexes). [124] (3) Repeat operatlon

, fhigean saHelythaereederr ddelpipaend Scakhility ad theedesadersils temporal

ne@ﬁala%y Lﬁﬂft Et|1s ﬁl&ﬁg’eﬂﬁlef Qcaddelihd fﬂ?er@zﬂ@ﬁ&%/eé§ frames are uneven.
conpl et ed lustrated I1n FIG e frane

[128] rrar kddGy 7 iﬂblsrrmes sasp desille eprncetions h@twwmf@mers ﬂrarF@sS)TAR
%gg g of rames marked H are of a high frequency
and. The high frequency subband i ndi cates the
[129] f r amRdfgriggtoHEd Mexdmples efr masibletconuantions between framee®r temporal

[126] . 1n Kl ere the size of GOP is eight, the
teﬁg%r%daﬁwﬁle@e?egcrf% frame is in thesequence of 0, 4,

[130] ( 2, @QCO((ﬂ.I;Ig ®, E(ﬁ],atlé’l) (]f)otrhe iftaimesi(k pednwefep urapg $snes | This property

o oilichisnBe s3A% Georipin 6 b BRI F TNt PRl gl rgregen tis

t eémﬁ:ﬂ:ilry %ﬁﬁiodﬁmdnlt tmsﬁmerenom&nens Betwen Marh&ewb@d U@ ie of GOP

of . 1 Li kewi se, the t

| e]&&lghg %r&lfgpm(g g}e aéc stgrtm@cfrox&)a fra(rf an§ retgrnn?g b:ilc?rg the %rame
pefcalESidt BopddfrhbEhdvmesthat @R YralcdfPiedited ﬁl@in 1ntra mode. All
tenporal |evel that can satisfy the encoder-sid

t ePFiRAraBCa hang proyioasly aRedcddpdraes u@ll@@lgtthwﬁcﬁt ghe H frame
SCHbARM ihnlie @a'h?e BRHBIaP fe'v@f &n b[elcl%&i adFRNBURE ’framg rvxfh(el;éﬁ? only L or

frame is in the tenporal |evel sequence of O,
6) A framesamong thy origingl Sraggs aisthe Hsﬁrgmc hesiepitoydens i dmes in the

%l@l/el%ﬁﬁ bg péfél!ré(y m%%ist tC!')]I?V Cqﬁ ar agl‘Fet dq eTﬁ1§ @9{%‘9 kOHStltlltCS a

I's not ecause
| ndléﬁemlcs bttevtemén m¢mmsvan®nmméwmoanmBjnaFmGhods For example,

T RO oSSR B DR 0,

exanp]F(ésa of possible connections between franmes for
ten‘p filt n be descri bed 130 cordin
11311 ¢ o Bokiorghmpipl Bigdtnce SRS AR A LA ST P BE fillring

Thirsd froegsihg Yielay enormously, the possibility of supporting this feature is valuable.
[132] As described above, it is assumed that the frame at the highest temporal level
within one GOP has the lowest frame index by way an example. In addition, it should
be noted that the frame at the highest temporal level can have another frame index.
[133] For the sake of convenience, the number of reference frames used to encode a
frame will be limited to two for bi-directional predication, and one for uni-directional
prediction in the experimental results.
[134] FIG. 8 illustrates referencing between GOPs according to one exemplary

embodiment of the present invention. In FIG. 8, a STAR coding algorithm using bi-



allows the STAR algorithmto be suitable for using
multiple reference franes. In this exenplary

Wepivsassent , possi bl e connectdons bet ween f r aneGT/KR2004/002371
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[138]

[139]

[140]

[141]

the size of GOP is eight are shown. The arc starting

froma frame and returning back to the franme (called

sel f-1ooped frane) indicates that the frane is

pr éidéctived predieton andreaossiafel oplimizatipgisrshbwhr anes havi ng

previ I ' X ' [ e

fr arreﬂg §s Al@ 511%8 %ag %gl 8‘%‘:@ f{{ %ﬁnéps (L)B 3a1‘|3%]r§en3 g I%O frgﬁle{)gﬁ(ﬂtg%dﬁ OPs,
aswhzehesr efiereedfto asres)ssm}é)léqmrmmhtwm UMCTF atse suppotsgrasi&€sOP op-

Fr iledBon bt h M b TRA B R TR R B frames

C Owhehtarel)ﬁt&helﬁpdrhﬂ)jd Silterthi Reft@mmigud E1GQBsdndtUutpesdidtion error in the
fere ce b tween th resent invention and the

?ﬂé‘ﬁf’ m@ﬁé&@ 0 iction e ofilpmes ol dplereiy+ and 6.
nEHBQféser E&l@ fr&adof fﬁfi@i 7 Ee(f@ﬁs tﬁ@ﬂa&%} ik 0l Be &amojp (the

refer F£ F(2) and F(4€ though nultip
r eframg A @1dex §ﬁ%%0ml?%‘?de‘d§ ﬂr?ecﬁﬁf@gt %@8&@@8 figft of @Fﬁsiéﬁ’“é’ln errors can

fibd Raided s@ﬁﬁw@ﬁtﬂp ¢ithQehAE B e BROMAMYSE Mided BB the next GOP is
possi bi i of pporting this feature is val uable.

[ 13pp- CA§e<h élzecqua&i@dofatb@ﬁéme@ index gsa0 e dignifiganthhisnire ¥ade
at t hi
mlg?Gf ? gﬁgﬁﬁteg g%g{}@%{;ﬁ&?ﬂn{g \)gﬂg{queﬂ fﬂfl‘% gggm? Iﬁgaﬁfl@%mporal

s holi¢reh goas coli reptotanathet mnfplamrrdmdtnmt bf gl esesentanpotiah.
| evel For ,.t.h e

of " cgniah AR S A pRbR Rl b P L AR ol Ppp SRt REuBRICec-
enmﬂpx)saldnrl@mﬁsamﬂlg Abfgarh¢srarbierdrityo tev&T AR lgorithm can also support
bi -di rect i onal red cation, and one.for . :
un?orllif1¥aé1&‘!t fcBwar 8?%0&?1’&51“88 byr?ﬂﬁ%%nge‘i?ﬁ FPhestipgpre in a simple
r esidhiics. THid 34dmfthi. entbodithets tshaw €sn é)&hﬁil@ﬁﬂSMRhl%b(Wﬁp@ltlon

GOPs ac.cor [ n one | ary .enbqdi ment of t

pr %@@ﬂfﬂn.gdv%w?q bR CIipprE dscompositiapaRny gﬁqlﬁwaﬁa@&wﬁ rthe full

usfri@ie PAtél cirL&dsilp BabbiaiRdiif tHe®T AR dl _Féﬁthﬁﬁbycﬂ?ln ng the graph

optim zation is shown. [135] The STAR al gorithm can

entBHBI¢.r anes by reference to frames of other GOPs,

Whi ¢ e TAaE Slob@@nt Sedifict (AP ﬁle%odépkid@aﬁ@ttﬂe%coum&:e have the

al so supports cross-GOP op tim zation because both

UMBTIE pRecsSTARC@QusHPay thd oot ieyeligad Aupports niultgieseference

wh r

6 g%@ %51{’%1 &?ges dégt | g%ﬂéiraiﬁggl aL H@srcﬁge(% érﬁg)fr\rlg g ﬂef ;@iﬁures can be

t heco@umh@lﬁedpn edincitddonarerer by ﬁleafonfferrmmsl roéthodsd butemsmot dasy to
con@rol P% %o eBd d?lta{/] ﬁetfh:]te 2?01%1({1{ me@rog%e @onfventlodlally o method

| f ofcmdqnutgetﬁe mzé bf the&5 @R haelren G to redhics thdrdetaty, bdt which caused a

predi ction errors can bhe reduced .signifj ntly
P FasGitngr Ch P Ra R Rt 7 SR $ AR Manlitythe end-to-cnd
g'rﬁélh)slgmtﬂtthfafr@?d m;estlbhﬁ_ tq uazhdebé(se@ieng% @ftérlr%ﬁﬁirég)ﬂloi idaxoding and
an e Si gnl I cant | roveada. . X X
i | FFOLNgPEACTHS dr) i % G¥SI5R<C iw%%{; qongplied byintroducing a

no&btﬁ&ﬁdﬂf@hé &fm@[éﬁh dfel ?%@ﬁﬂrﬂ%a@&ﬁ&é@mg to anot her
exenpl ary embodi men Hﬁ? esent i nvention.

Ias t Refennng o EKe A tfapgg&rﬁ ﬁE{%BraégqryhrguﬁBé)ﬁtcgnﬂdgred where
nog1gy RbofisthaBRer al  de

The temporal scalability conditions as in Equation (1) should be slightly modified
for delay control, which will be defined by Equation (2).



conposition by inserting A-franmes arbitrarily, the
STAR al gorithm can al so support non-dyadi c tenpora

wWQlewspwss t i on by changi ng thas graph struct ur ePCTIKR2004/002371
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[143]

[144]

[145]

si npl e manner. This exenplary enbodi nent shows an
exanpl e of STAR deconposition supporting 1/3 and 1/6
tenporal deconpositions. Any arbitrary fractions of

ol DU BRGSO LEPRANTIE (aaia IEon @

STAR Cgé)RI ° éeﬁg IafSé&% rEI%?etncé h%m%@ %%%ﬂﬁblﬁ é}{&gdi&‘lﬁ ames can

decoder-si de have the sane processing sequenc
t ergberr when éreealermlaﬂulesi@kapoaé tefinedias iDp[Te intefeetdnpatipn ehesvery

anﬂ'aﬁg F%e&% o ?et\f'ep&nﬁ t aqﬁﬁgg Be r%Per?rRQ\flteclgg?olﬂﬁ)aﬂ cular, the

these es can e acconp
bydnfﬂeecnce) bheteetn onlak oﬁﬁmheﬁdse,ncb {rimietand ghan of the a:styerttky coded frame

control . the d-t 0-end de ith the,.c

ool ST B Bt AL bult b S EOR R BB graimen

of eiidhe-dddRlchgpebaBriblese ént@lcrigll) Refdriieg delFlay 8 thgtframe of index 4
Fisiaer i 15 e B Rt o i 2t B s S 3&&?@&‘?‘3&1‘3 two.
unHolvetdieit KEANE bt Bote & Ha® iRATdnie 6 Mu@i@@ls&ea@&n@en@éde&ﬁe frame of
paSSI ng t hou% encodi ng and decodi ng processes. agai

i ningey éand igdEmeeo! igdex His negdsd b casrticrtbe fré@e@&mdex 2)'and thus, D
I n&qlfaféttﬁfeeglf%eceﬁﬁ@ Bt in@Ex 1 tieesem réf@r eég@lra%l cﬁyn@esz@t zﬁf?.l' the frame

par aneter Iht1WReferr| n . 10 thr ou%
%I@équﬁ Wiamie o én ér@sltdeaﬂéfdcl@meﬂé cdpd &ywcp glo sum
tﬂ %{dﬁﬁgbe £&f&§hr&ﬂﬁ o (951?éod§ E%l AR et a%é hetdI iRBYG. 8.

uat 1 on shou be slightly nodi
deI ay tﬁ@ntdaia;o bantedhthal nbltiple rd&frénve drapyes B oass- GIOP(Q)Umlzatlon

R L i LR s

a saeﬁageéusneftlmt enlag contastean Wb acdongulish&hinl aydlmct:mdie&imple manner.

der | rnianE? Siyne NOER M BHEPRER IS hR iR pagsgo sacrifice

at the hﬁnmrgmmabﬁ?ﬂm G[T(fmlverhtﬁ)nal mehbaoio radiway}e g of GOP cause

ref rence fra . art.i cul ar
bet TR hsiopmol BrurERCEmppHhE et THEME Grmpasel scalability

cusf tﬁ@ﬂbc\bd@pﬁ@@ilsfsé'%fél dpgigedNBér KAGPRI wherelthe Elﬁé 8f GOP is eight,
re ard, it should be noted that D indicates

RCaRies awailahle (e pelgetion hirilhglenoder ddere é‘&éteﬁ(tk)l 172, 1/4 and
Rei/%r IritA9sitOoffthGadh 1sts9tetoff51§?}"f€ d@fmé pag )Ehrée 'tﬁe RELERA Frfme rates

encode the frame of index 2, and thus, it
suf®ile l@rmnd, 174 @v@mp size wﬁthe%}é%etwo thte sgl@@tebl@ fpene rates are only

”oi %Ed Maks %E@Qi'?ov%f h&%ﬁ ?tHeSG(ﬁ ?}aé 92&?@%&1&@ that the

rame o ex 1 ahd £t ae o
n eefdlemntJDOEwd@deomm@lsfo:my médupfrdd dy the ccmtmrx, ithesdecider-side's

eq e t.
t hééé%i ?garlrggag lhtﬁ/ da Bgt ffec%ﬁt%ﬁgﬁ Pgﬂe B)ﬁg %x e%gqu/( ﬁl%u&ggé %ro by use of
r efherSTIAR alfgmaﬂtrm 0f. thﬂdGeS(mﬁy damagestoshrf Ericod@rdidd’ sfscﬁlablhty That is,

or e 1 (R otte Pyt By B e £ prdiseind chgrfify e e encoder

8. side on a GOP basis is limited to two in the number of frames, the frames of indexes 0
and 1 should be encoded and then transmitted to the decoder-side. In this case, the
decoder-side can restore the video sequence having the 1/4 frame rate but temporal
intervals of the restored video frames are uneven.

Examples of different end-to-end delays will be described with reference to FIGs.
10 through 13 .



[143] It should also be noted that nultiple reference
frames or cross-GOP optim zation descri bed above can

wheooapfloded even in the case @»f Equation (2). AEI/ER2004/002371

feature is ad vantageous in that delay control can be
acconplished in a direct and sinple manner. [144] An
advant age of the STAR al gorithm approach is that there

[146]i s nElﬁeé@iltugtr@ta@msmbieecqnhecttoaﬁrpmbn $ramleabi feimpyral filtering where

[147
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COQ Mglnt s gql p?]%h@?‘ﬁs ge?t 8 da%ggr%}él%ﬁ(&%{r}]&ﬁerogxe%ar? gﬁ'l%?dlment of

r educt di nens|
sothblpaisenthevetrmmpor al scal ability of the decoder si de

is sev i mted.  For exappl re.the si N
cor” T FIE o Tk leBPal b BERs STAKERG s B Tnf bisgirectional
by piebietide andiess GOP c&p‘uﬁnkatmnt Bhithi@onlof delad, wHdnda @ik of D is set to
1/8. If._ t of %q? set to.four to defj @gD
as”4f Fselél““f*ﬁﬁ‘él §éﬂcééléea Y ‘Fqnér PFAMELET gy 7510y theyqrossy op-

1/ mihem ist dueoratzall P e dciQaeDRAnd 21 ttMOfratBEres@! RGt ABl@mes later in
frame rates are only 1 and 1/2. As descri bed above,

r elile (Paspel B rames abdpvay indexsals THuS 8By ARt tEEMitealtin theesequence

ef & ¢ijency 408, 6/ hrﬁﬁ@ T82fjsNghd ﬁarﬁ@ié%fr@ée\éserdea%%%ﬁledfﬁ%bl} R8nsmitted
contrary, the decoder-side's tenporal scalability is

noto the flecaderiside:dn tihesscoldlay esttts em(fgr 1 firgme bdfariozz Bhig feature is
byalﬁ'oc‘fetaﬁfle(f .ﬂ%hé&&% al 4§ é(r)l,r\much tlﬁa(%tcp&rr%aﬁ %ﬁﬁ Qlleé’odmg as soon as

S ncodarTar dan Shgh t
vvhéln ftah@ 1eBfcsi e fimml delghts ra¢rdlyDvw0§razmsc§67 infs at B@ HZ) inclusive of

pr é’ﬁe?it?dnncgﬂa Q%atg e&%iero gldé I%?LH%Q ﬁl?%gars tﬂ? p?r@or%la%%s somewhat

f r depeadedfin codparésen @f dra:cheftmghxﬁlalwzﬂdae)f dmmdd@dr thiaal z¢doen

tran t tothed oder i de i S casge o
decodat: L By Eak P B STPRAITF hetyeh faleS B Ruyb RS ftgne where
1/ thefde R ofi@blepabbictéEinpaE, akcdriing 'ty ah sx@hplieenitesiiER @f the
video frames are uneven. [145] Exanples of different
entt EHE ¥ -ays wil | be described with reference to

[149] FI Gs.In #fs bXn@M&ey enlbbdftherdr] de pAdpeit) bbslosatGeP GRSzl is auto-

[150]

connectj ons between franmes in tenporal filtering where

a watieallyesHr#ed Hhthsdmss af dedavest gerpporglde s gith Pr@dlcted by use

angi lﬁgﬁre%ﬁ&fﬂp bf%ﬁthl%Hbﬁl‘a' ARkt ﬂ’im@ bea @(ﬁf’@aﬂtrefefl Hl%'ﬂrhtCiPame of the
[147] 0, the tenporal stricture of

al gt iCtQﬁ'nIB &p@@asm thg cpiing pequengeondrangsésid.ch, |loﬁ 3a|6d5 7 and 8 (0 of

cr t i On, [ f

vafﬁ% %%QgsTgéet&é%}é ﬁfzféo}ﬂlgé sg[t?x{ol fﬁ%’{‘é} aonqgl: Q%coﬂ@reﬁdeﬁand the delay

defoaybpc:t@horl oi thealcapder erdeiage Qréy o¢edeHeThﬁrtot31$ dwtum 1s three frames
r(r)téegt Ir g?}e zg%unt q%na(flll‘e%t?(glr%e RIS 1ton Ysaaﬁ)% 1ed & fralmes Gnd cross-

f r GdFsopoiimikaivaris ap}ﬂneﬂes)he lﬂ'dulﬁ&mef r amss ar e t r ansmtted

int ce o nd.7. That .is,.

one. g BT 6T RaSlr Satisttins Bbuen o R FMPO R Ging where

t he deleg darrcosirtlepardictéhis shre@S€cordlgay ag ¥k &hslagndnybddafient of the

| frame buffering. This feature is also retained in

t hEeHAL BHSPUYY - de, for which the decoder can start

[151] decodf pds f?1r§eeS %U‘frzﬁfﬁe bh@déx 208 fe@&qmaﬁamgtiﬁ nfdlei‘ aJ arﬁ'ﬁh@i’rame of

is nerely frames (67 s at 30 Hz) .inclusive

op@lgx P 6?111 t?é%tpe byt frame s dhsoraxt Geds iButtraiqd ip rﬁIQ tase,

(1521t he P8k r@z{sﬂﬁ%? D & BRIENKI 0, is because a delay of as much as two frames is

sufficient since the frame of index 4 is necessary to encode the frame of index 2, but
the frame of index 2 is necessary to encode the frame of index 1, and the frame of
index 2 needs delay of as much as two frames, thereby requiring for three frames as a

total delay time. When the delay time is three, reference to all of the frames, except for



degraded in conparison of the setting of a value of D
to larger than zero. [148] FIG illustrates possible

w@omwsesispons bet ween frames 125 tenporal filterPCKRR@HH02371

the delay control paraneter is one, according to an

exenpl ary enbodi nent of the present invention. [149]

In this exenplary enbodi nent, the property of

cr wégeiEeRo dipt firame aff index 8 €0 Erame ofrthtei neat frgme)dm thafradhe of index 4,
r I 51 eve

or el P Gulle el QR DEORY 2 2 £ F (ARG e pen

I aSOP)r (Brimndﬁ # [ ooy mha efueturd m\m in$UGf 8 ssgiblet Aetension of

C i ng sequence of frames
é‘@&%?“fe © g‘]§ H%g%rag:d“ﬁiﬁdf)g (0 of the next frane).

[153] The drGay3 ﬂm@trhteé ﬁc&s@ibllragcdnnectfdne betsVeem filabes ﬁﬂteeqbefal Sliltdﬁng where

[154]

and the .delay for operation o coder . si de
onf Qelﬁ%EH‘&&OX*’Fﬂlé’af %IF“&QFS?/ (ﬁ‘gsﬂ%?é% raﬁﬁ%’f méf%n(’ther

nBe)étm "Qf/ abodaisht BF thdipr@eht iava@ition! Bdhigicha) tHesco@ﬂl@sb@Q:nce of

nost frames and cross- GOP optimzation is

tofrﬁlﬁés {same af hefansmission Smtenceﬂzs PH dstrhdes 59832? H+0e9 11, 16

CoN@shé Bfithe *ﬁ@it@@?? fluamesd 5. 1emBRd)e dotddt B4 RISMART Beorithm
a delay time control paraneter is three, according to

ansnegiéiep Ihat (hedatabendrorandgiclayrran ybﬁ seeirellcdippisnky o parameter D.

1
| 2o fedn slefpitfts oty ebfedn BFepD red N e B UL Rarion of
r ef@ling ¢f¢icfenesin ttmane tofal efvktonaxitde@PPThis flekiblsdelay mdbne
' nfrg%lég\garézls er(]ﬁ,\%lafu-lrQ%a{lseeatﬁg P(}%Xl’@ﬁd [t)o eﬁ?l Eig'l ng %an Qeo éas %Ontrolled
sufiddoadiepnto mbperded dsfemfy ra@phcarxbn |tmﬂhe>codmg $yneme;smys1gmﬁcant

th he f

oA Tise 0 BB uhB bt b ToloBe S T no e
f Lﬁhﬁe%ﬁe T]ilﬁi_@the&ah%&ﬂ SDt ﬁt&ﬂ l:&ysfeﬂfo ase m&xhay?ﬁltmh}/\xaéde{(a@ealz of a
t her requjrin ree fr ot a el a

i &féﬁ) %Wé ﬁlg*lth B“glt ¢ndre-gnd dﬁﬁ?/ne%de S @nER Iypagfapt issue in bi-

Of dﬁr&@iofl:ﬂfm&% coffe@Rt. MahisRh&), BB LA chiifo-EARABaPIs set to less
index 8 (0 frame of the next frame) bgtheframe of

i ndanR two, thetq%eeﬁim end qelay emdhanrpry shpubenca ibthe cadige effipgency is

' Ssl%htlﬂ’ deg’)radéd R@Iatlgngh(?p HE(REEN Rlal LR (81exd de%;fo ﬁnd e V§1ue of delay
Is four, the structure shown in

poB&:rFlIBIB@r DEillbh‘glﬂtGﬁ Hbifablhé GOP size to 16 is

illustrated in FIG 13. [153] FIG 13 illustrates

possi bl e connecti ons between franes in tenporal

filtgieg Wwhere a delay tine control paraneter is

three, when a GOP size is 16, according to another

exgnpl ary errbodl ment Gofp ﬁi&e: gr esent invention.| In this

Ll N N oA —AQ

cage, the—codi fg—Seguente of—f+rares Safre—as Hhe

t r ansni s&ilerofddquencgdptal endto-end delayy | 3, 8 6, 5, 7,
12,/ 10, 9, ¢1, 16 ( 2fffaﬂ{l€§(@7mfs|a€3(mﬁ>2 14, 13
and 15. It gshoul d b(-ﬂﬁ%&@d%sg{@ ﬁZ;AR aI gorl thm

speci fies that the {atal £ PG?trﬂsﬁ ay can |be
controlled nly by o I S feat re
cort ol ed Bty by pOsishit 3:6%%%5 :

pIIIICD UCI ay \JU Oultlll

grdceful degradat i orG@PStZGCﬁWg effl ciency in tlerns of
totlal erdylo5@hd de %Xtaléfﬁﬁ-%_&{de&%'a%' e delay 1n one

2 frames (67 ms at 30 Hz)

3 frames (100 ms at 30 Hz)
5 frames (167 ms at 30 Hz)
9 frames (300 ms at 30 Hz)
17 frames (567 ms at 30 Hz)
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framework is very useful because the total end-to-end
del ay can be easily controlled according to properties
W@Booansseappl i cati on to the carh ng system wi t hoRET/KR2004/002371

significant nodification. In uni-directional video

stream the total end-to-end delay is of no sig

ni ficance. Thus, the value of D can be set to have the
[155] maxi nihatetal erel-toeeng delay/Dcapfbeasi@ply repreedntedrstin &xnatidng3).
U56]total end-to-end delay is deened as a very inportant

i ssue in bi directional video conference. In this

— h I d-t d del t to |
fﬁZE ﬂ«ﬁ glipf?alegnd ?oegnd geﬁgylgaﬁebe Sersszhort )
7 2 408, 500 A S o

vatmne ‘Die akpbaynepal @sdtsaegling PSNRudtgratagdn dlue Pah¢ ®tdl.end-to-end
ze = 8 Value of D Total end-to-end
?2\%‘/ qu&f ﬁi%?ﬁ%c?%(%tf 's at 30 Hz) 1 3 franes (100 ns at
[158] 30 HAIG2 1 bilfusearesfofdard, backatard Bi-tizgctébnal, hidimea-rH806blosk

at 3 %nggP size = 16 Value of D Total end-to-end
dePr&sicHo Shes (67 ns at 30 Hz) 1 3 frames (100 ns

[159] at 3Bastehlly the $TARBSsoilE s oatts &t difdde4ed cﬁrﬁ alc(l&Q;OAs il-
at 30 ]298 171‘ram=.\s£f ms at 30 Hz)
t omﬁraté% HL FIGi- d fAgpradicgnsin dany asd Periphipy “F’élﬁr(é)s é%ﬁkévdlr%gredwﬂon

I Nmbadati lSlDdlfe%honz{l %@Qﬁctﬂ;ﬁ 'chﬂfe%i%) %Qﬁﬁ@ra—ﬁ@a)cr&bl@cﬂ pri8fidh mode (4)

T represents a value of the total end-to-end del ay,
wh#ys suppfirted; Ehoplest tfhr%@rmmﬂqs mave glready bpert suppated infcegpgation with

q e.%gga%wggf%% dr%g%{d?ggééivﬁgttl(g{ré? mttrl@lgs%] q)'k_l?; %@Tﬂ@ gl’g&l@ﬂlﬁpﬁlproves

i | tadeng elfienéypoivastechabgaskudedseqbéncds be eddlaglmtr,a rediction mode
[ nhLazfracr obl ock prediction nodes. [159] Basically,
t heé AR al gorithm supports nulti-node tenpora
[160] pr edilddt¢ronsatioAdyidn ihteshraatobtbakrprédicGionldodaw it bodascribed
|n forward prediction node (1), backward prediction
heréunder.

[161] Since STAR algorithm allows bi-directional prediction and multiple reference
frames, forward, backward and bi-directional predictions can be easily implemented.
Although a well-known HVBSM algorithm can be used for this setting the present
exemplary embodiment will be limited to fixed block size motion estimation scheme.
Let E(k, -1) be the k" sum of absolute differences (SAD) with forward prediction and
B(k, -1) be total motion bits to quantize motion vectors of forward prediction.
Similarly, assume that E(k, +1) is the k" SAD with backward prediction mode, B(k,
+1) is the total motion bits to be assigned to quantize motion vectors of backward
prediction mode, E(k, *) is the K" SAD with bi-directional prediction mode, and B(k,
*) is the total motion bits to be assigned to quantize motion vectors with bi-directional
prediction mode. The costs for forward, backward and bi-directional prediction modes
can be described as in Equation (4).

[162]
C, = E(k~1)+ AB(k,~1),
C, = E(k,1)+ AB(k, 1) and
C, = E(k,*)+ A{B(k, —1) + B(k, 1)} @)



node (2), bi-directional prediction node (3) and
i ntra-nmacrobl ock prediction node (4) are supported.

wWab@s0538é t hree nodes have a# eady been suppoP@EERR004/002371

[163]

[164]

[165]

[166]

[167]

[168]

[169]

connection with scal able video codi ng under

conventional nethods, but the STAR al gorithminproves
coding efficiency of fast-changed video sequences by
laddi ngharmér aCpambifc tréfontomyde fohiereard, bcke@id and bi-dircctional

De er - macr obl ock prediction node
ﬁ%df#h&?%ﬂo@e 3%8 gcg}\}gpd hereunder. [161] Since STAR

aI gorh it hhagidah gavs cdmifficiemteo townd lthqbadatice heoveea it motion and texture

or Lty it i B Se e ko bR nnd RN e B mges. » should

Al bdhopthized withIredppawn thd\BGive af gmrmddameqﬁﬁmb endiBedattoOmainly used

this setting the present exenpl ar | be :
S Eess SPpicaoBi B ap e N SO MRS Setsdbn Equation
Lets) Bhk best bptidezeti e K matisbRick phsdtidhendsticf dag b a@@smmed

(SAD) with Torward prediction and B(k, -1) be to

I'not i S¥Pbideiermgnaion Ry inte- maemoblech @@d&ﬁ@nérﬁoqemwdiesmbed
predigidepn. Simlarly, assunme that E(k, +1) is the k

SAD wi th backward prediction node, B(k, +1) is the

t ot alln somF gislepiseaticnershecenessirg Akanzed vefy datti dhqpttiegre case, one

LoBRE il SRS AR KA RE e byl Ko o

| sotseevetiot@bvaroemothibiitugtion thecaksd lglnélddtimplquanteaz’éth MC-EZBC
| ' :

ran)1§eu ort%’?‘f%aﬁ?r@ P angadgb tl‘%ac CKWar glggn?jﬁﬁ i%&egﬁr ecE{g ﬁP size stops

p r edipotdl dacomyeegionaind kecdies drel fhenie @sani In ﬁEq]lﬂaztheornhe( djmber of un-

I \) C =
) +?O+g%qﬁd plX%)E 1% aﬁger t}j%n[tg% glje %thre gin%y%ql]é/]%)% {)%total
c Opﬂ;xélsf Qi raethad ehay kba&bpl@d’di’oaMS'DARtﬁlgoﬁ@Hﬂl i@mdre fedible

predi ction nodes, respectivel

Laffta ??gfbﬁﬁwb‘&’gé‘f?di lgema the ‘i%‘c%ﬁ% ﬂ%{a ‘PH& E‘QF@H&?@%%% pandard
t gy bt dreBd @ BretuBd 1 Bis(dxBRMPRYY Ohb&dimeht) CRnéMABY, open-loop codecs
scal abl e vi deo encoder cannot know the fi nal

bi inclugdingghe podep b ngpape obpt AR 2 thin epnnob Bgsednly pi@rMAgon on
nap4sbopihe i@ roplG&e b§@aﬂk@@§[§e@@gorp&ﬁﬂ N2 yBlY cB§&an use

int etar et apllcatlon y nputln m ni mim cost s
t héie émldﬁiplasnt@emm@bloph PRyission @mpqeﬂhuss Prediction is employed in

0p{h‘1§*éx%§1g> ddr{) %%@ﬁ%?ﬂr ‘?@iéat-@feﬁﬁhﬁéd &ﬁdg‘}ﬂ' i A13d0% macroblock is

determ rmnatio

i ntnna-mahct@d) bmtk Qﬁ ediest foolY, Woud W@mp@@ndselidhd: bestifor intra-
e}é‘eglcgon in %s tﬂ? &te e C((j)eo lfll err] %?esd’lctlo%enrl]oe 2 @5&ibed above,
h nge very RE ST eI

the intra- predlctlon mode can be selected. In th1s case, the difference between original
pixel and DC value and the difference between three DC values in lieu of motion

vectors are encoded. The cost for intra-prediction mode can be defined as in Equation

(5).

C. = E(k,0)+ AB(k,0), (5)

where E(k, 0) is the SAD (the difference between original luminance values and
DC values at the k" intra prediction) and B(k, 0) is total bits to encode the three DC
values.

If C is less than the values computed by Equation (4), coding is implemented in

i



frame having absolutely no tenporal redundancy with
nei ghboring franmes can be observed. To overcone this

W@ 2aosasicon, the codi ng net hodks npl enent ed wi t hPGAZKRZ®ET002371

supports a feature being 'adaptive to GOP size." This

adaptiveness to GOP size stops tenporal deconposition

and encodes the frane as an frane when the nunber of

unthe aniree miaebsick prali¢tion|raedgeil o chagludeh d afirmadiwo@pekisrind frame are

t h&?cg)ﬁgd 91 tFllé }éngrla;—:rglléré%l%%gh%&cﬁlg% ?I%()tdﬁ ll.l)S(l?ll %%ﬂy JI@ set &EIBEQ/glues the

fl ﬁrxunb Icen h@mwdmﬁsarﬂmrm\/é\demwmmlmg desmlﬁq:)to lofve many I frames

i ntra-nacrobl oc usetd l.n st andard h A £ vid

en@od s YPIcEs &‘Fﬁr ‘fﬁ%’[f‘%s QXA AP EHRY S &EHF COUTSE O video

Gemlnaidey or ape[nadlcmp edm Faiess.ilnchisidasegrephecraod et ab¥ frame with an
s of STAR al m cannot use any information on
ﬁ‘B‘SP"iOH ISB 1Qn‘oecause of prediction drift,

[170] Wher fEcrd nBY R dc©BRRRs BANrAE€ atch@chaddtih Pl predlcuon mode, if over

|ntra macr obl ock prediction node. Thus, DC prediction

. sthe pprds{rERnCH Perrcatags BRISOAYT Yyt ME) it gicoded in the intra-

{)Ireélcﬁf)ﬁ Hiovat hOFrafRden bt BnddaLe amﬁfrar‘ﬁe W&&Q%@& K ftanes in a
redicted by its DC val ues for Y,
coYﬁﬁ@‘h Egragse yufd, anarespiiit fsasiphfor Hgardelvien Brarhiv@ey spet in the video

l e AR fedest cost at the inter-prediction node
deérztplebeghé{}o(\e/(g the intra-prediction node can be

[171] sel ectlgwugh hetSHiIAR alasmthnt previdis fimmpémmethbds foe émplementing multi-

t hhlg(eig %81 %E) red &%HDCESM@UI?! Be %?t% tflen%tl%l fn{e?l{o%g Qe 85 %ﬁeﬁZBC and

vectors are en
Thetheloczideémanlamorm-lme@ dilt Maonmbtmkisem@anhb ecrakehinp échna&s except for

e 100 T 1% 408 e e e e b 5T APSVeS forwend

| upiicaztiog, baskwiad paditictloa, Hladhl:@&oﬂzﬂ pedictioni antl i@ra-macroblock

predictio and B(k, O ot bi.t to encQ
t hP@@lCB@I 3'11105% who %i%‘@‘]“)df 61F%én et tf’ﬁ*éhlgwhﬁé%esent
CORRUARS fRYtafadeah hpiredide:; ,tha@qql fthel & th&BhLIBALABed AHRE in the

i ntra-macrobl ock prediction node. To conclude, if all

e F OB dbgkishm fefgrsitp ampixed orarni daerpiediciadeand intra-predicted

| NEherobRek O M&Egveﬁ’rl? g Cibd %M@t tH§ ﬁ‘ﬁﬂleQ&aYedQH €hSALrie is
DC val ues, the frame can be encoded as an frane.

Meelranged @©,an kfranee gskthemenceded ﬂh@&/lemdraf]ﬂemblﬂmnws;rx ypeful in fast
Vi 8&9@@%&9&‘9&%&5% é?dlfa%g iHBRII KR rlafhe¥i €W an arbitrary
spot Fn t 0

rse eo0 sequences or automatically

[172] edi t RiGdéddlustrates mmbbfa@mnecrtmls aectevren{raokes anfobr pnedmtlons modes

[173]

[174]

\r/]\/l.o{nr}gli%i)oral E{te 61][%3(1(001‘(9 I}g fe %P gxes g)lalflrf){ " o&[meng]of %ﬁ”é present

nmacr o rarre ar
I ninveatpmedi ct i on m)de if over the pr edeterm ned

i TR Tk bl et Mo iBtaRe FilBe Fpmitiot d Ty artauhd qacroblocks

anaﬂd ihteamdlcayd ﬂﬁbﬂ’(bglo‘éﬁs ahd fIrae®@S tha tee stitide ramB @reaseded by
result, IS .easj ﬁlo for user taq. view

gﬁ{rﬁs%ﬁ’?ﬁ \glé]bqut |nﬁert ]P]‘r@dlﬂl%oA ugh the intra-prediction can Qe used in the
start frame of the GOP (at the highest temporal level), but it is not used in FIG. 15

because it is not as efficient as much as the wavelet transformation of original frames.
FIGs. 16 and 17 illustrates examples of video coding in fast-changed video
sequence and slow or little-changed video sequence with multiple modes, wherein
"‘percent’ indicates the rate of prediction mode. Namely, I indicates the rate of intra-
prediction blocks in a frame (but the first frame of GOP does not use intra-prediction),

BI indicates the rate of bi-direction prediction, F indicates the rate of forward-



or to edit the video. [171] Although the STAR
al gorithm provi des sinple nethods for inplenenting
woriosiofwoe t enporal predictiag it shoul d be NnPEBEKRR@H/002371

ot her nethods used by MC-EZBC and ot her codecs can
al so be used. Al nmacroblocks in all the remaining
frames except for the first frame can be encoded in
anpretligpen ambBgndicates thy pae ofibakmiatsbptedisbos: f or war d
pr edi r I , di.rect

[175] r edi %#%I'glﬁg g;r)] gfé(\rllYt%f %n?re; tglrg J%FHOC(E 1n(E|x ICS: tVI I& élrgﬁ%J to that of index 0,
hatshe porcdninarlycdastmes d]gfovemwhdfimnaagly ntagnn/t,tu 90,1 and BI ConStltuteS the
prese ntion e that .H

Fr e heli VA g e BT EBAnERE0EE 2b6e S rtiose o e i

al genedidegiee b$ tHedramaziof @tlick ey trumf 4 (thitds, amnﬂldge(:ﬁo&ﬁhght the

and intra-predicted crobl.ocks over [

K n%e\me Phadex Ry SF‘F%&%"*"E B LEHIEY 4t1$1/g‘f‘ieqfqﬂrt Ligm ‘i’tEef?[nFﬁéﬂﬁeﬁnCOded I
t Ob1dBkd arf RWalE1 08 Bub Sﬁbo@&ﬁ? 8adasbks bR s KiimtheFFame of index 6, since
f|EXIbI|IHé is very useful in fast changed vijde

PexFBig dﬁxwlffaﬁfét Bom thatphadexorbep ping] aeto that of index 6.

[176]1 | I Uratias (PPRSI 1B 811 ARIPRELI L8R ubsé g&%&lfyrs%ﬁﬁ &fhong which BI
four prediGations nodes in tenporal [terin

aceevallyrigows therhashearfosmangst iavgryesipda ﬁﬁ@h@s Ehu&, lee ratio of Bl is
pr ] In FIG 15, 'I+Ff neans that
! hgéggél%tﬂ @rpés?[h Flk%@

rises both intra-predicted nacrobl ocks
[177] and iSevenl pmebitionse® aseraobpatimanand the FEARsalgoniglm tahe im-
en fr ang e h
i %lg%l%gtre(ei,dl rglgﬁhe %f %{% a:ij%%\ﬁ%[ﬁ e ﬂ)ﬁj 1}3% ?optrh\gé f %%lnﬁltenngé)rocess
ushbd masudnrmtmmamt afuaamﬁ qffwdllhlalo@a:lh(uabnd fust sluagihe»slth multi-mode

¢ e{a‘ﬁﬁ grksércg%{ ﬁu@ﬁf clé §IZFﬁJ Lh;(eﬁp Wa]\?Se & is use(fjl Yor per}ormance

t I edifpRISORIMOPEDBC Y ingidnald EZBKUﬁl‘gon{hlﬂfk] aldolfs6d inlinpMiflenting an

17 i)l rates exanples of videq coding in
fa%@L?fﬁﬁaQBﬂlt\??%‘é‘br@EﬁB@ﬁ% eQUeR-ow or 1ittle-changed
[178] Vi derheaRstegaceaniéstdT ForbntanRing MBKIRSCTFMRGH®@ICEs arP &R est
i ndicates the rate of prediction node. Nanely, |
i nBfiRteEelss tcl%cqf&tubthéﬂ’rqsﬁlﬁtrlﬁ}fﬁﬁé‘ﬁpé&‘iodﬁlPEfPV@dR@Pﬁ’fﬁl tgansmission. For

fr fl‘ﬁ@ereﬁé?iﬂt a td3€rok kpatial gcraﬁﬂﬁltﬁs FRARERd n@ﬁh Hmferials are encoded at
|ntra prediction), Bl indicates the rate of

bi suffiiqiend thiitoatopr asdibitt stepams gharenfi acatrarcataddo hayebibfates of 2048 kbps,

f oy rlgﬁ'é %’2%@%@5%2%&?%([‘” giSCﬂ;pgsf(é @é}lgﬁﬁgsﬁ)noafnd Qﬁéédﬁ\é\@ b&oded.

predi ction sl nce
[(179] fr awEomperfqnnhelxcelmd:?@umeWN& haivingra woghtbdivaloé isi usdéxIh@, weighted

r.c f Ilt es the overwhel m ngly
rrajﬁ%lglﬁt y,&%;%eaas mg ﬁ)st itutes the overwhel mngly
[180] maj ority, 87% in the frams of index 2 because it is

close to the in ternedi ate degree of the frames of
i ndESBR & @RSHR § HePSNR | anPiSNBeg, )6 bright the frame ()

of index 0). Since the frarre of index 4 is different
[181] f r omPot feeting thai3d\R aparitten all fdahaekdesarileedrbbhe 1@0R6Iudddt except

ode | ocks are 94%.in e fra f index .6 )
én"?%ge FHEPRCHIFANERL Sllinﬂh§ﬂ¥éls%?kegﬁ?sg’ecrolé‘ﬁtﬁmﬁ%fﬁtﬁ #lgeation
of bdsad ex (e GOP 16velris &ed tr thdfthTfARfalgdﬂﬁl&X wherdad Y&diable bit-rate
the franmes see

f rg{l&&,lsgsi:lcr %ogthellglﬁoﬁ Bl gopi - he Varlapetb?t—rgt% allocation may
show better performance if it is applied to the STAR algorithm.

[182] FIGs. 18 and 19 are graphs showing PSNR (peak signal to noise ratio) results for a
Foreman CIF sequence and a Mobile CIF sequence in video coding scheme.

[183] A frame rate of 30 Hz is used for 2048 kbps and 1024 kbps. A frame rate of 15 Hz



actually shows the best performance in very simlar
frames. Thus, the ratio of Bl is generally the highest

WO R00E0§B606L7. [ 177] Several sidwl ations to asceP@EKR2004/002371

[184

—_—

performance of the STAR algorithm are i m pl enented,

wherein the STAR algorithmis applied to the tenporal
filtering process. For notion estimtion, a variant of

wedll is kpesimor 81 2eprscanfl 266 kbparicirami rdte oIV HiHams geed for 128 kbps. For

pa{h% S‘;'[| Aq{] glg(fn'rllt%m Bl(;'t% b% lﬂ*ﬂ% t?onlﬁl glleé%ﬁor? ]Zln(i Er%g é?%ép%lnglgatlon are

usmd:d ‘ahdeEZHKIP alzgsmf Iéh:md @Jaabsplxabmdtwmaacnmbp aeenised gor both

an e d ant ) z resent .inventi c g e .

PO PR e Rl P oS BRER i EaP eepiction is used

S emuﬁa cedecaimpleusactdasr the StTA(RihlgdSmtaerWhlk glbme @iler ipartd ore not
ehsent %nventl on I to | dgve te % trans SSI1 on d

Fo? angedslor gupRingon ééfimﬁ'% B%}PP%H figispey W ou cppidering

C OpéHtsrhRfees BOLMCPBAY. TalsSs Alafkc@ns MIEHE & (he Yhalres iT@REe figures
bit-rates, and bit-streans thereof are truncated to

h athovpihal the pedomstanspabihg STAR lgorithpyigercasss by dispikin az@éeman CIF

kbpguand id 28mkhRenfaih MeR3BTSH MCRPdcntst 'hl?é"performance of
decoded. [179] For performance neasure, PSNR havi ng

weM§HtTel almps simidar e Bt of IME-REBEhHew cPgNieiST Pd%ﬂllgwethm is almost

P MO SR 15 v

f eparfure@n@etbam MSELF. dbaanebedheughnibhuidie dthee xupgtant baling techniques
mu fr r |
T PATERER B TR R i

ustedhrflqme nfade Silfﬂdﬁem:legmrdl if hmhwiﬁehmsre\a@ph‘abﬂoehdi)STARaﬂg)nthm

bR ISCl: b KC Tt S S B L orh clarly

pebﬁtpéﬂffﬂ’ﬁQE}\/ICffFIHy upSto 3B forh A Hidieit SloARIcat @bt RBSTAR

18 an hs sho PSNR
si &ﬁ%ﬂ‘t fgs fresior F"glﬂ%grfa té§8 1? E’rc"&\l\fi‘—ﬂg eélcf%%lg‘gomhm 18
Segegne [péﬁéir @ NYORFla8d ¢ dongRE¥RN6 @n 'M‘Clﬂm c6@4iMgh aspect of
schenme. [183] A franme rate of 30 Hz is used for 2048

kbis§PeFd degpapasien clfaciencyme rate of 15 Hzof is used
for e e g&forkRS: ofAnd (G Eel d I
2 THECBRATA SRARR o TRyl B g
bi fadivageus apdep- epid deliay s¢t6ngseare cgm@%tgd @Dth@pﬂfhlﬁ z@rltimn the delay
ar xel
RS BB R A QBB e oo
add7 msmﬁﬁ s cMTFpoatligeité GIOA sizqslozﬁﬂitag6tﬁ9‘de\ree,dbinmaathre various
predi S Lnh,the ¢ dec n for
ST Rl RS SR ST AR FE R 8 o e
c hmgekjscﬁkabﬂmomp@[ liseg. Mami@ﬁhﬂoclapredmaompmﬁe fid dso not used so as

MR T ST

[185] f | gurfes SmmsvtshzﬂNR deopeesmphinarde @ixinne dkARetting of 567 ms for a

o B PILELEERR Lo Rt SRR SERHSHSAG o0
pePSNR%ﬁfé@ d&drease significantly in MC-EZBC with reduced GOP size. Especially,
the performance in the case of a GOP size of 2 is significantly lower than other GOP
sizes. Even with the GOP size of 4, the end-to-end delay is over 150 ms. To the
contrary, the PNSR drop is not severe in the STAR algorithm. Even in the shortest
end-to-end delay (67 ms), the PSNR drop is only about 1.3 dB and the PSNR drop in
the acceptable low delay mode (100 ms) is only 0.8 dB. The maximum difference in

reduction of the maximum PSNR values between the two algorithms is up to 3.6 dB.



MCTF is alnost simlar to that of MC-EZBC. However,
the STAR algorithmis al nost identical in performnce
W@ 00MsEIBC i n a Mobil e sequetice, but it showsPEI/BE&2G04/002371
performance than MCTF. It can be thought that the
ot her inportant coding techniques used in MC EZBC
such as variable bit-allocation and vari abl e-si ze
[186] bl ocK1a tsiavg R rimm @ompaﬂcé vdihf the manizeum deldy sdttipfon Mobile

of T I

OGBS, AR 36k PSRRI T RELIES van e casc o

aI gEmmmlarerF emdeycmmadpdmrlwmrttye SWAlRoalgarﬁhmiBPSNR drops
hit.is evidenced that T R al [

BTG G ghdishin &9 SRR Skt Bt Gt B2l e 23 ab and

STAR»uahgaf 6. ihshe:Ms{aEzB(Bamelr The PSOIRMESP wathtenidsto-end delay of

AR G AT AL GF CRERGys O ' B b g ference

t h@f PENR QFdRMMeBv@@h tivbalgoRiMnelel fly (He QAU NG AP d8lay SEYEY @k is up to
gerl ments for varjous end-to-end del aégfettl

duiBt Eeirthgzpiorg. ke SHAR Abo5rT swrRore el Leainayal sehiBY cven with

pa{h@ 'Iﬁ&%st 5%1%)5 s&h?g"@/ﬁﬁe {Hecégh%nttlgnﬁ'mé’m&cpfhpﬁeﬁi §1§19 QR level
to end-to-en eaSO to 7SCOrreSp0n|n to

Gdﬁnmozaé§0%¢bﬂZthVdﬂ!L6GQEoiAm/‘éfr2 DifeienegshebvagarSHRs values are
en conditions, bit-rates form 2048 kbps
&%%%biggéﬂgfgyused but the spatial scalability is

U87]not used. Intra-nmacrobl ock prediction node is al so not
used so as to conpare only the difference between
t enporal deconposition structures. [185] FIG 20 shows
PSNR dr ops conpared wi th maxi mum del ay setting of 567
ms for a Foreman CI F sequence varying end-to-end del ay
conditions. As shown in FIG 20, PSNR val ues decrease
significantly in MC-EZBC wth reduced GOP si ze.
Especially, the performance in the case of a GOP size
of 2 is significantly | ower than other GOP sizes. Even
with the GOP size of 4, the end-to-end delay is over
150 ns. To the contrary, the PNSR drop is not severe
in the STAR algorithm Even in the shortest end-to-end
delay (67 ns), the PSNR drop is only about 1.3 dB and
the PSNR drop in the acceptable | ow delay node (100
nms) is only 0.8 dB. The nmaxi num difference in
reduction of the maxi num PSNR val ues between the two
algorithnms is up to 3.6 dB.[186] FIG 21 shows PSNR
drops conpared with the maxi mrum del ay setting for
Mobile CIF sequence. In FIG 21, PSNR drops of MC- EZBC
are nore severe than the case of a Foreman ClF
sequence as al ready described. For the STAR al gorithm
PSNR dr ops between the maxi mrum and the m ni num
end-t o-end del ays are about up to 2.3 dB and about up
to 6.9 dB in the MC-EZBC coder. The PSNR drop with
end-to-end delay of 100 s is only 1.7 dB and that of
MC-EZBC is up to 6.9 dB. The maxi num difference of
PSNR dr ops between two algprithnms with the end-to-end
del ay of 100ns is up to 5.1 dB. Furthernore, the STAR
al gorithm supports full tenporal scalability even with



the shortest delay setting while the conventiona
nmet hod supports only one-level tenporal scalability

WORaE/0556@0OP si ze of 2. Differ¥nces bet ween PSNRCT/KR2@98/002371

[188]

[189]

[190]

are described in Table 2.

[187] Foreman CIF at 30 Hz

MC-EZBC Bit-rates/ Delay 67 ns 100 ns 167 ns 300 ns
567 ns 256 \ 31.66 33.43 34.61 35.19 512 34.75 36.68

37.73—38709 10243788 3977 _40. 59 408020484162
43.112 43.64 43.72 STARrEgpmUliogt ¥bHz3 35 43 35, 67
35.194 512 37.80 38.23 38. Rpc3F2 39.06 1024 40. 36
40. 894122 4145 41 63204843+ 02-43--5/-43-86-44.-04
44, 1Bitivbler/| el £ &7 B89 Hz 1 MOnEZBC @i ms r at ¥ mPe| D7 6Ts
ns 100 67 me 300 N8 |5 56 21 23..39 24
7608 51554, 08| >5. 99 38 34-%0_ba 3094 b6 A 29, 51017
32.20 33570 2048 30. 58 33.383536} 13638. 98 STAR 25638.09
25. 6125662580 26, 152672 5122842128, 702903
29 62 3094 1024 31.% $1.94%2| 4499, 16 48585 p0oA880
34.196 3508 36.23 36. 37%1%h [18&31§owpaqg%qn bqu@Qn
f ast r\hnngnrl vi-deo SegHenees—w | be describ l\v‘;t”.
reference to FIG 22. [189]81:1\& 22 is a graph show ng
PSNRTesyl I's when rit of ast,-.chanpe enge m
t he_nmovi eéé Mat riix glcpfq %csrg}ed hvslf‘ gégjﬁr 5584
predi cti e nodes andﬂls erngaded n@BSby usegagb thesdoar
pr edi ction nodes: 190] For—anexperinment; ontyrone
GOP of 182franes i ed. Rl ect'dd?f r amdli%Aci udas o3
2048 43.02 43.57 43.86 44.04 44.14
Mobile CIF at 30 Hz
MC-EZBC
Bit-rates /Delay 67 ms 100 ms 167 ms 300 ms 567 ms
256 22.21 23.39 24.64 26.08
512 24.08 25.99 28.33 30.28
1024 26.80 29.51 32.20 33.70
2048 30.58 33.93 36.10 36.98
STAR
256 25.61 25.66 25.80 26.15 26.72
512 28.42 28.70 29.03 29.62 30.27
1024 31.46 31.94 32.44 33.16 33.68
2048 34.96 35.63 36.23 36.89 37.27
Comparison between fast changed video sequences will be described with

reference to FIG. 22.

FIG. 22 is a graph showing PSNR results when a part of a fast-changed scene from
the movie 'Matrix 2' is encoded by use of four prediction modes and is encoded not by
use of the four prediction modes.

For an experiment, only one GOP of 16 frames is used. A selected frame includes
very fast motion, scene change, blank frames, and fade-in/fade-out. The STAR
algorithm is applied to cases with intra-macroblock prediction and without intra-

macroblock prediction, and the result of MC-EZBC is included for comparison. For



very fast notion, scene change, blank franmes, and
fade-in/fade-out. The STAR algorithmis applied to
W@ 288/953W¢ h i nt ra- macr obl ock & edi cti on and w PEDER2004/002371

i ntramacr obl ock prediction, and the result of MC-EZBC
is included for conparison. Fortesting the adaptive
GOP size feature, both results when "adapt _flag' in
MOeR#BChe addritiya GRR size faasire, bioth teaultredhaiadapt] kg fin ME@-EZBC
in . | [ I the effect of
i n?‘%ng-%%?‘%%ﬂ[ %@uﬁé%éﬁ%%e%\r}’gly%ﬁdé’g%%fi %C% e PSNR

[191] di f f eksedhoeniis Fiu 22, B8 difscnefantra-pecdBTAR il gerktdiiest. Wht PSNR

and. .wi t hout in - predicti featuyre a over, 10 .dB .
potEtoRE sheb FePIEa A o MRttt PbatLisngtt s prediction
fleahwyfeand (We&ﬁd idBi h@ﬂwednhﬁcglleZBErWI&mﬂ' " \olﬁhduhed@ﬁwaOP size
algorithmw.th i ntra-mcro redi ctjon autperfor

-@B‘%ﬁ%&@f“@ﬁéﬂ%%&rwgcﬁéﬁg §$z']éﬁf daritha wih igirgqrgagroblock
Mmep@tziby o@%@fforlnsﬁ\d@%ZBCﬂbi)h A4 Ve ®P fiz€XdaRlr€ by a clear
macr obl ock- based i ntra-prediction_nethod. Industrial

Apﬁ‘??%‘éﬁ qurQ.f[ 4B g}ai% ABs ¥ rﬁ@retf&px@lzﬂ% nﬁp@m—based intra-prediction
I nyemon, it is possible to control end-to-end del ay

and perform vi deo codi ng causi ng degradati on of

per f ormance not sever elndpsérial ¢ %amrtcabﬂetwd del ay. In

addi t4 £ ast ' S - “to-

ot s PARGE IR (B IFAE T ERtob B tgsend delay and
noperédrinegtlea epdingrusial dsgratiattsinl af pgrfofmaniee nof sgeere in short end-
seguences. : ) r odi. S

¢ SRR R ot HAPHE0L D BB KIS BT REPIRRALS cBhprossca
i | Furstiar atalayecoptropdss sipt dffias & ®kipbtaddealabilitgef dret viddd dequences.

b pey e P Pl of SRR aP ey AT R sctosed
s cfup elhandti &ppurpdseefthddeakilrd émthcant w8l dipsehasaet varidubamodi-

acgonpanyi ng. cl ai Clai.ns [1] A nethqd for vide
Coirr s et el BBl SR e PoRIPTE MOH SR e from the scope
t esmpdpdit dreRlUmdadifon dsiili1dsed il thd hf@fnpat e calimk evel
sequence froma plurality of franmes of a video
sequence; and (b) generating a bit-stream by

quanti zing transformati on coefficients obtained from
the frames whose tenporal redundancy has been
elimnated. [2] The nethod as clained in claim1,
wherein the franes in step (a) are frames whose
spatial redundancy has been elimnated after being
subj ected to a wavel et transformation. [3] The net hod
as claimed in claiml1, wherein the transformation
coefficients in step (b) are obtained by perfornmng a
spatial transformation of franes whose tenpora
redundancy has been elimnated. [4] The nethod as
clainmed in claim3, wherein the spatial transformation
is perforned based upon a wavel et transfornation.
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[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[5] The nmethod as clained in claim1, wherein tenporal
| evel s of the frames have dyadi c hierarchal

W@ rwanswres. [ 6] The nethod a®t cl ai ned in cl ai PEW/KR2004/002371

wherei n the constrai ned tenporal |evel sequence is a
sequence of the frames froma hi ghest tenporal |evel
to a | owest tenporal |evel and a sequence of the
franmes froma lowest fra@Yqigpgx to a highest frame
index in a sanme tenporal level. [7] The nethod as
cl ai med mathaed for videp cotliep,ehainmicthed congtisiagned t enpor al

pi ot ur B8 04 By A EPorR g S o a e B P mER Y f Sl sequence
cl ai m ffomwhgtRlity ¢ fFanddfatviddoaschiicgboesindt enpor al | evel

has the | owest frane i ndex of a GOP anong.fra ) )
const i {UEFHFAINER ibErequypy S e B R SREd it obtained

cl ai m BomWhelrinBs okt ®RpbR) redﬁﬁdaﬁk%ﬁ&s@ en efimbRigpr al
redundancy is perforned on the GOP basis, a first

frame &kc MRdOoR g plagRcd igphimal, Wheten thefranpgs irsyop (@) are frames
enc Ode@hé&% s?&tidl r&fuﬁﬁﬁlc? nrlllg.s Pé@lrbhtnﬁﬁﬁe(ﬁ iteer%ﬁfgkg@ﬂ:@ﬁéd to a wavelet

fromrespective remain rames Is elimnate
accor dirangfarmatipe constrai ned tenporal |evel sequence,

and el Tﬁ@ hi08 s Qlfaintlafifntc‘?ﬂ}?l J %\lhefegﬁj Hﬁq%gﬁér&ﬁt%ﬂ &efficients in

remai ning Trane I's perforned’based on at |east one

r ef er esice(th manebtainediby perfonang & epagial tharghematibanf frames whose
tenpor@Im Ioeal %l,d gf ntch% §§9aie1ir11r}9at£& ane or at | east one
ref er eNC& IY ae %aav?'nﬁ L TrANE T Rdex which is | ower

t han aTh¢ mptod aslelimdd infodaimedyaiherang tHerspasl tansfognitiod is
franes _al a ral |level equivalent to the tenporal

| evel BoriEd Pl PRg e T RE ot hod as

cl ai methd MmetbaiattRimswhiaregdim I hhefeh eivea 1EVeBd the frames have
conprises. a frane whose franme index difference is a

mi ni mutYSHoHEAFahHRCHERS ng tenporal | evel s hi gher

t han t '_hﬁ‘e fnefRaL Ak BEixﬁéﬁ%laihh}]wthb@n Hﬁt&ﬁﬁra@&d%ﬁb%{ilevel
in claim9, wherein the elimnation of the tenporal

r edundeqEGACEiDHBIMEnGechmirages rame highcpldemppisblevpldeadowest
on t hete[f&ﬂ% M \RBadd fééﬁ%ler[cl%]f e BB gqéwédt ﬁ'faﬁ%qnde& toa
1, e as

claiml erein tr rames are encode I franes
wher e higheat frame frex ihe simafeeeporadfieiclt o t hensel ves in

i LI g3, Sy ST kot R

i n cl asequ&cewhperaidicatlp eepehictionait (nonp of Pidnect @) tasis.

USROS, BB R R A v

| evel ha thé phvest frivanindexpds GOR avedsirahewanbtiafing the GOP.

e LS REL OB B OESP SO, P S AL) T

t enpor gluh®WeY is performed on the GOP basis, a first frame at the highest temporal
level in the GOP is encoded as an I frame and then temporal redundancy from
respective remaining frames is eliminated according to the constrained temporal
level sequence, and elimination of the temporal redundancy from a remaining
frame is performed based on at least one reference frame at a temporal level
higher than a temporal level of the remaining frame or at least one reference
frame having a frame index which is lower than a frame index of the remaining
frame, among the frames at a temporal level equivalent to the temporal level of

the remaining frame.



sequence i s determ ned based on a codi ng node. [15]
The nethod as clainmed in claim14, wherein the

w@onsvsmdhied tenporal | evel s¥guence which i s PCT/KR2004/002371

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

det erm ned based on the coding node is periodically
repeated on a G oup of Pictures (GOP) basis in a sane
codi ng node. [16] The nethod as clained in claiml5,

wher ei hhampthades akinedinghist9, wepon die relevaaice framerrgmphiecs a
]E ;-(;I]ma :T.ﬁ&rﬂgw geuitrllrﬂg rf(ﬁ? d%@:r)enc%q? %11£1 Saflr\%&{rg%nésr}%%ﬁlg

step (temporahﬂaylelsﬂnghenthaegl&rndnmgnm@ﬁramed| ng node is

dded th t he .met hod .as. ¢l ai jred i
or e m T et RIREERatEY, VRS e fuRRicRg i fgihbra
t he sequentasy bbmspatdnadinial ifihieds pefforaied Hasodp®r @k remaining

elimnation is added to the bitstream [19] The net hod
as cl al'™B% in claim 15, wherein the coding node is

det er nTReghehR af Elatfe RN 1€ Mcicdr R dradek aye encoded as I frames
paraneter D, where the constrained tenporal |eve

sequentBerpaggiedhabbe drages refer tortherselvas in the; eélﬁ@g%ﬂon of the

t e”porébﬂoﬁaY elauh@aRy ! @g}%&br AR etk @¥fRL vaeng the
frames having frane’ i ndexes not exceeding D in

conpar Thomethed s flagned iatclaime), vhgesin theehiptipaijon| abyleg temporal
whi ch Eﬁ&d%g% 6k tﬁé‘ijerﬁd? ‘FHH&" ?Fexff&ﬂ?éﬁgﬁé&lym{ £T0%EShe frame

and fromt rames at a ex to a
hi ghesof & neutr& G cdvosd tq:nzposedﬂmet sriygheathah ¢aneporal[12@dls diheach of

et hOd %ra%{egfclgff?%lt ri)e%l mrg}ejsged d‘ﬁ‘r%%gﬁ% in step (a)

ellmnalono is perfornmed on
t he GOPhdmsihed aac]falrneﬁ infal@imel , athetdie tHei qgphgstinddanmppoal level

|l evel in the 0 as | frame and then

t enpor SRPER G PR DT LEREcoRie miini ni ng 1 ames | s

elim naheeﬁhealgdalé diafiicd i@ ddig KﬂQﬂ&Efeﬁi me@o?ﬁfm&ﬂd &Jamb@’dﬁllevel
sequence, and elim nation the te ral redunda

from asqqéﬁ%emmﬂl Fﬂﬁﬁémf@dﬁé%eﬂ&ﬂﬁ%ﬂ n@ﬁ%@"&ﬁ lsaneruoﬂlgékly repeated
one re§eh 2305 éﬂmﬁﬁre@t(G@F)@ﬂﬁanad sahqféV&JdldyrﬁB&( than a
tenporal |evel of the remining frams or at | east one

r ef er ehkemethadas plaimsthinglFimalie Whatsaka {iRMERL # §igheshigmporal level,

than a,héa e MAHRY cQﬁstMl rtﬁ@@'(ﬁi HQs 4 TRV, (rA0 QL he
frames at a tenporal eve uivalent to the tenporal

| evel b mh%wf:‘l@ﬁralanmdgmfdaamel wheieiminestopeibhdafoamation regarding
cl ai megl, chlﬁ%%JHe%o Ose%§ ﬁferblmx%gfnef erence frane

conprises a framne rame 1 ndex difference is a
m ni rru“ﬂheanmﬂngdfas ahesem Cﬂzempkfr athetegy il smembgheﬁormhtam regarding

the tegporal nceesvo aﬁlal Fhmlnag \?\(}1 glé)ora?nﬁfn%r{a%oll 1s( a(f d to the bit-

met hod  as° ¢1°ar fre
hi ghesttreaagnpor al Ievel vvlthl n the GOP has the | owest

whorei TR Emoh 2l TR 2 el FE Lol B la M Gtermined

from t i@chéifiRupomgn EddEerdsdeRs fagim@er D askete @it dostrained
remai nj rn%oral level sequence progresses from the frames at a highest temporal level

to a lowest temporal level among the frames having frame indexes not exceeding
D in comparison to a frame at the lowest temporal level, which has not yet had
the temporal redundancy removed, and from the frames at a lowest frame index
to a highest frame index in a same temporal level.

The method as claimed in claim 19, wherein in step (a) elimination of the
temporal redundancy is performed on the GOP basis, a first frame at the highest

temporal level in the GOP is encoded as an I frame and then temporal



frame. [24] The nmethod as clained in claim 23, wherein
the franes are encoded as | frames where a ratio that

WO besHsmpes refer to thenmsel vass in the el i m naPCDHREROF04/002371

[21]

[22]

[23]

[24]

[25]

[26]

[27]

the tenporal redundancy is greater than a

predet erm ned val ue. [25] The method as clained in

claim 20, wherein the elimnation of the tenporal

r edundedeydaphenfromirespeetred Ieimagning frames s cherifiaedaatolhsetd the

on at . r t . e I

Covel TERRHigRDREnARRT ] RuBRE) oSl RS GERRl B redundancy
f r amesfromraremtainynhEamg igpeoioasse tased og taelzaftane acfdrentoSame at a
tenporal distances, from each of th anes .curr.entl

bei g, ErECBl L8R RNy B £ B haRl v EEx FRERRHTRE LR o gt teast one
D. [ 26jefddetiedemmeintiges frapapides iwtgich i3 16ve¢qbarad frame index of the
transformation unit el itgi rf]ati ng a tenﬁag al reduPdanc

in a CEHYHEE HAGC WA BF MAEGE A Lleqperid & Vel gy v4lent to the

pl ur al fehpofdl 1dvePdEEc &fmARink MRkle. Vi deo sequence; a

spatial transformation unit elimnating a spati al

r edund&bcreted g elaEmed igraim 29, yibgien hgeelsrengs rame comprises a

quant i gine whba$hQE Rk TGOk it £ heMhRneRE @ Ednds @ @mporal
el imnati ng, %he tenporal redundancies in the tenporal
g

t r ansf lsreianicaer i thedeaperklexg af ih rematmingiaseses in
the s p’iiltlé ﬁ’lleth'bﬁ gq élfaﬁﬁéﬁaﬁl! C(Pagm%, Whel%ﬂga ﬁa@l'gtaf ﬁlgrh%l&t temporal

generation unit generating a bit-stream base
quant i leeel wittan shef @ORdns te lowedt fiacicandex. gener at ed by

t he qu I Zat | 1te. [27 | de Iy
ol ai it ERPARRe B sl 1§ pteBE B RERRon 3R the cmporal
t r ansf edamtanonfromt the kdnmimiag ésntehie peréomped dlasadeshuhe asmgaining

of the._frames and transmits the frames whose tenporal
redunddf®y has been eliminated to the spatial

t r ansf Ohdmkihod aslBlaimedind]dime2 3s pakicad the fansk ard@icb@d as I frames

unit eljmnates th ati al. redundancy .of the frane
whose WE%arraﬁlo thatie dEAISS oS Y BERSELY S # Higcdanipgyion of the

gener afeshpoh# rddudnct @ fehterihas @ptddeter@ited valud8] The
vi deo encoder as clainmed in claim27, wherein the

spat i afhe mathef 9¢ patmeshingiaim ), wheieit s eligdnagionof e temporal
redu ndﬁﬁ&ﬂdaﬁgyg frBﬁ}l htflé AFBSnih P TAHRNS ﬁet‘ﬁ@r\’lﬁ'd%sééir(ﬁf‘aﬁ least one frame

formation. [ e video encoder as clainmed in claim
26, whelranaxt . Sphesd mporad hevebisighcoihae adergperal level of each of

elimn i f :
Ehr ough C e e ey T Eind RO ARNR IR AR ooy distances
f r amesfromeseh shidit ifmmes eduendlyrbeingrrascdssselnn sieiprinat éads than or
the t e&a%%{ 0IDt ransformation unit, and the tenporal
transfotrnation unit elimnates the tenporal redundancy

of theAfvidovencodvosemppsihgal redundancy

a temporal transformation unit eliminating a temporal redundancy in a
constrained temporal level sequence from a plurality of frames of an input video
sequence;

a spatial transformation unit eliminating a spatial redundancy from the frames;

a quantization unit quantizing transformation coefficients obtained from
eliminating the temporal redundancies in the temporal transformation unit and
the spatial redundancies in the spatial transformation unit; and

a bit-stream generation unit generating a bit-stream based on quantized trans-
formation coefficients generated by the quantization unit.

The video encoder as claimed in claim 26, wherein the temporal transformation



has been elimnated to generate the transfornmation
coefficients. [30] The video encoder as clained in

W@L@Bs/586q wherein the tenpora transformati onPCIKR2004/002371

[28]

[29]

[30]

[31]

[32]

[33]

[34]

conprises: a notion estimation unit obtaining notion
vectors fromthe frames ; a tenporal filtering unit
tenporally filtering in the constrained tenporal |evel
sequenest ¢lheinfites thedempsratirednndaney abthe drames and trgnsmits the frames
obtain V. ' ' Wole Lty d. a.. .
el oot Fan Sl pSalRub AR ATRE AR o 3yl iafiGprormation
| evel wsmguedde. sphi3il trafi$fermattaandrediodeatcathe paiatediundancy of the
claim 30, wherein the cqnstrained tenporal |evel
equentangn B En bk e, e FBhRlag € e the wans-
uni t i frinas@dceffidemeri odi cal function of a G oup of

Pi ctur . . [,32 he vi deo, encoder .as cl ai.ned i :
clai m 'E@ ‘g'\%?‘g%‘é‘i"hert 4%&%%‘8& l%glﬁué%Eﬁd&%‘ﬂfﬂ‘h%@é’@%ﬁﬁﬁ‘é‘@rmauon
t he const élahmneds HRMEPA A redud¥@icy W8 aueRgBeOthrdullie a WadBRS trans-
froma_ highest tenporal level to a | owest tenporal

| evel , loaMA9T-0om a | owest frame index to a hi ghest

frame TRAENcd RISAIRILISEPH Ahinh 85 &l herdid e S-Baﬁal\ﬁaﬁ{@i%rmation
encoder as clainmed in claim32, wherein the

const r&licader dlisripyesihe seafial raseedrans ef thetlemes tlrgugythe pavelet
node S&%ﬂ%g&rhﬂﬂoﬁ' Qﬁ({ @fﬂg rth@ﬁhrﬁ?%ﬁ}(o#e%@%l ?&uﬂ@arﬁcg élas been

Goup o I ctures asi s. vi deo encoder

as cl atlmedaied teihaitemBoral tmsferimtiomenitodd tsetempbiab fransformation
unit det. ] ' t ral | I .

o ocAPYTABGRS B8PR, FRuRET STRP ek 1Bl gz
det er nhasddert eliporasgld tb geedrats @gueanstrination sedficnae. of

I ;ﬁpngf’g]iﬁg }91 %(Z?IPCQ hﬁ%tcll%lglftn& S{L@ém&?&%ﬁ&é&g?é&%ﬁ%ﬂ transformation

exceeditigednprisegonpari son to a frame at the | onest

| evel , whaose tenporal .redundancy. is not elim nated,
and a %8@88?18%“%1061%1% LHREE %?Pé(e?tBWe@?mr?f rrdex

to a hi@ghgekalfiRARg LAERMPdAIBR SRéTRetif MROFoRktrdifdElemporal level
[35] The video encoder as clained in claim34, wherein

the tefegBenee thq frpes bagediam theanotiannvectoss olfainee iy dieanotion

r edundameyaish udit@naup of Pictures (GOP) basis
according to the constrai ned tenporal |evel sequence

det er ni mede bgleqtia umidistesminieg thervonsiainedipaperal lygclfseayrace.
at therfl ghes Eq&?%@%;cﬂlrg%g‘ﬁfﬁaf% ) \Qhetraﬁ tr A nktfained temporal

[
encoded as an : en téenpora undancy
f r om r esgecquenee whimhiiniletgrmiinedrbs thegn@le selennorednit wridsed on a
el imnatian the t oral redund froma
Fermi ntOreEtiE SErPRMR o FRALENRER A Tenat one
r ef er elevitlec@arcoder & dampdiatlaine 3@ witirgh elie inbdmsedection unit
t enpor [

AT NG IR A N TR
t han atehipar ldveDex 1efvettheémporal level, and from a lowest frame index to a
highest frame index in a same temporal level.
The video encoder as claimed in claim 32, wherein the constrained temporal
level sequence determined by the mode selection unit is periodically repeated on
a Group of Pictures (GOP) basis.
The video encoder as claimed in claim 30, wherein the mode selection unit
determines the constrained temporal level sequence based on a delay control
parameter D, where a determined temporal level sequence is a sequence of

frames from a highest temporal level to a lowest temporal level among the



remai ni ng frame, anong the franmes at a tenporal |evel
equi valent to the tenporal |evel of the remaining

WO e@i95360¢ 36] The vi deo encod® as clai ned i n BCEKR2®3/002371

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

wherein the reference frame conprises a frane whose

frame index difference is a m nimum anong franmes at

tenporal |evels higher than the tenporal |evel of the

r emai niraged olandexep 87 exTemsling Dan cempadon tas frahwiatrdw lowest level,
l(:le\‘r’/“er] \%ﬁ({)sﬁe ?ﬁﬂa?@ﬁ(ﬁgg {se}l 0 Wlélgte%hgﬁs(f geglpp cre%lf the frames from
i ndex.a [cﬁ&]st {Fivee widde o ehxghehe fraas mdleal 1mad;am1n tcnhpx)rmh 18&¢1.

wherei.p th g el imnati o{l' tif]e. tg g[undanﬁélt ) "
From t s Vst et ot Gt S RAG R G BRORRHhering uni
remai nélinginhteate. tefnpSial fedendandeon enta:oakebf Ristuedsa GORY biasis

cl ai m 38, erein the tenporal f|| it en

a cur r¥5PI4ng o PePtiing Fyforabiee focaiioc i By g mode
that t&Qgeceibh LeR)Wheré tHetf%n@atftﬁ@Highésefeﬁg)%rdl(Pe\Jel §@hfn thé GOP is
greater than a predeterm ned val ue The vi deo

enc ode‘?ncﬁge‘%‘llsaankféam% aggl &l%tgeporah@fi@mn%@% TESPSEL Efgmaining

gener ath Qe réhhm%éhe hAd @ﬁ'mfniaﬁmp bf e ki FI@&JM‘QhJ}erom a
infornmation on the ConSt rai ned oral [evel

sequentgifingramgiigpesiasmes éfé‘ieda)@ at leabtrAng refsrasca frame @t a temporal
wher ei EV&%}%% fhag.’art&ﬁp&@ﬁ%%l%tf el din O%GEQ&E Bt 8SedsGne

bit-strea udi ng ormation regarding sequences
of el i wierendergpnmeehyorgd framd nsibawlmh is dehuerdbarca &sme andex of the

obt ai nrem?m{l% ﬁnl%f oe[nqa}gstgg fr%%fg%tf 4 gé{n&)%}a? lev%flgiu%\ﬁ le\ﬁ.t *Be

decodi ng e ormat1on
regar dteng)omhmwthe amesniby fraeeei vi ng and | n

coer 11 EheriE BionitRRab b tRbT ) WRatih ARG Raf g e
r egar didigpridaea enaedeatbst rmMmesndaxndiféehcd i€ 3tr@1fhlrf11@n heng frames at

1 ans GFIRREH G brhEPHE e APCFEPRG I35 WABS Toe WAE S, o

const r ghd@ided EndOAERALs dlaﬁl\h@h nﬁ@lﬂﬁh@% Q)vhefrélﬁh e dietdehest
as clained in claim42, rein in step I t he

encode@mPeEkiayehvhindae Qpé’dhqﬁ;;hep@w&trtﬁma@ra frame index.

i nver sepd GABOERloALS aamaem 199 9% viegeih 'ﬂfé@m‘hﬁﬁt%t 3R
coefficients and perform ng an inverse-wavel et

t r ansf smpardl grdupdanch éront B gepinte fsmeiserfipanehiased on the
whi ch have nver se-tenporal transformed. [44] The
met hodlt‘l:a\sé cl{zg m ' in claimd42, wherein in step (c) the
encodethd videmsncarder asedtioee th dyinpd$,fvaranein gheaamporal filtering unit
i nverse- spat i al

coef fi gl en%s d cugre {1%? ﬁfzred atrneoatrg a(r)l I. f}na\rr)nger\tgféan%frz%on%ﬁt s currently
t r ansf filterad ﬁamemcfetshe 1tkdslﬁrssgreater than a predetermmed value.
The video encoder as claimed in claim 26, wherein the bit-stream generation unit
generates the bit-stream including information on the constrained temporal level
sequence.
The video encoder as claimed in claim 26, wherein the bit-stream generation unit
generates the bit-stream including information regarding sequences of
eliminating temporal and spatial redundancies to obtain the transformation co-
efficients.
A video decoding method comprising:
(a) extracting information regarding encoded frames by receiving and in-

terpreting a bit-stream;



formati on coefficients which have been inverse-spati al
transfornmed. [45] The nethod as clained in claim44,

WoR@s©e53006 he | nver se-spati al 3 ansformati on enpCDK&R2@EH/002371

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

i nverse-wavel et transformation. [46] The nethod as

claimed in claim42, wherein the constrained tenporal

| evel sequence is a sequence of the encoded franes '

f r om a(bhiobtaggng tramspamalion egadficicnts by lioveesst quaptipiog #hic information

| evel . i encoded frames froma

hi ghes]ie%iﬂrlarl1 tﬁ?%gggfggée%’g\ﬁ%st frame index in a sane

t enpor @) rdsermlg.thd dncpddhiramed thosighan ¢hversegemporatiransfiormation of

46, wherein the constrained tenporal |evel ence is

ot t oalre Jeny oS ERRRH I i ned G il etencs

basi s. Th&d@kthbbas orimh@binasaicl 4, mddreimintei (@), 4fe envbe¢deirimes are

the inverse-te ré)?ral t ransf ornati on, conpri ses i nverse

t enpor FOFSd RYRTIEMEIE PHEVEREITBROT HRSLOMEtiaR py g rans-

from t hemeneoeReidiERIRSd pdrfdrienddin@ske-WanBIel @dnsf@i@lion on the

and processi ng according to the constrained tenporal

| evel SwiREABEON GPAIHFIRNG Wheyh havg Gperrycryerd ¢pepralsiransiormed.

cl ai meghd MefmbalaitAfmedMRISILL DBcfANBLiG REheRERRU G ames are

| evel sequence is determ ned accordi n? to coding node

i nf or nigstomd xparpemed ariprershepabipk ranstasmgiipmpluthe tpagprmation

The me : i i ' ) ' : _

const r &t oA an pERGyekfle Pl hrdchonOR Wb fifiqn on he trans

r epeat ®dmeinoraca@fiatignts fvhRhdtave becn(iGBRye-krzsiakirainsfamsdne

codi ng The, d, @ ' in..clai .

wher o T Mol 3 b AELTRIRGA T Eishl BB Hplehr oo grormation

const ranplegs dreimporsalwaveleelraségquarnoe conpri ses an

end-tosend del.a ontrol . par er.D, where.t

const I Eampu A cRaRed Buuf L BL T oRir el BRI Tepparmblevel

?odi ngsem)d&eiri]mﬁ ﬁafqmaﬁdeqﬁ the éIrl@blaédSﬁisméJ @@mltahﬁg}%meﬂ@dral level to a
rames at a hi t tenporal level to a, lowest .

t enpor lgweﬁtée@Pgraﬁ%ﬁah £hed %%esraf@ﬁﬁeawgﬁ%c\fﬁyr%e% froyhg highest

I ndexegaM@lind@X ¢ e WWigt Painb ikkRAPRA k&AO tdnthodd) 1&RE0ded

frame at the | owest tenporal |evel, which has not yet

been dEkv@etrod anglafpehintimetie AT T the reasteincy (ppperat level
frame idadeetiOp@idii@ng$pehrd@N a Grodp 32 PR B basis,
l evel . £m52] The method as clained in claim42, wherein '
the relunaathe) agFiammethinichimselgudacse ths ivsersedempara framsformation
the bi é%rﬁ;%ﬁs%é‘[ﬁvels@??&?éo%ﬂ (ARLind S A HERH PAh s fiATR D the
froma bit-stream t ecoder conprising: a '
bi t - st erwaded ramegpatehaliglmst eniporal ievel prdeproeggsiag according to the
bit-stream.to,extra information,re i ng encoded
{1 amosc CREPLFS BB o kTPl 8008, "o
i nver s€hgmarthbil 25 oigirhdieini aifior4Pathorein tgabokitragnetdhemporal level
te Eg?gfe gegﬁ?rnacg?ss détgrngr%(f‘ s!lcréo}d’ir?gntsofc%ﬁmrmgtrhg(ye i%Po?Infahgrll g)ﬂ}aséted from the
bit-stream input.
The method as claimed in claim 49, wherein the constrained temporal level
sequence is periodically repeated on a Group of Pictures (GOP) basis in a same
coding mode.
The method as claimed in claim 49, wherein the coding mode information de-
termining the constrained temporal level sequence comprises an end-to-end
delay control parameter D, where the constrained temporal level sequence
determined by the coding mode information progresses {from the encoded frames

at a highest temporal level to a lowest temporal level among the encoded frames



an inverse spatial transformation unit performng an
i nverse-spatial trans formation process; and an
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[52]

[53]

[54]

[55]

[56]

[57]

[58]

i nverse-tenporal trans formation process in a

constrai ned tenporal |evel sequence, wherein the

encoded franes of the bit-streamare restored by

per f or hdving frivee indesesyw! speeeilial [pinoweywiriserdtotaneencoded frame at the

i nvers r n e
trainst 0 iat SR cbetFr SPERTEL hiDPBIRERSo g, iEtmmape queoded
cl ai meftames atladbwez&fframm;ad@q to atmglestrmées)sm asqaatel tarhpdmah]egel

o LR ol aBE R Ml SRR ITRE Sk rancy stigrination

whi ch {eguéendeaeextiadiedrfien tierpestedant. r ansf or med by t he

i nverse tenp transf mat i on unit 55]. The vi deo
decode Vé‘iﬁ é{% ﬁkFéc‘EleSlt‘FFHtgl %Wﬁsg?m\ﬂ/r‘?étrsé‘ien[’\ h@ CARASE Smprising:
spat i ah bitsB8sm IEFRdAR A ihteRREHRY A1Bitkf€am to extract information
i nver se- spatl al transformation process on the trans

f or mat fe8Hdpgeneededdrmes hgielreMe i nver se- t enpor al

transf QJiﬁ%ﬂs%umzau&%ﬁ@fn%rs&Jelﬁaﬂtm&fgrtﬁ@ 1}6ARRIoR regarding the
transfornmati on process on he transformati on

coef f i efcefedirghRescte abtare trb@ﬂé@rnm@e ceefisigatsithgrefrom;

t ransf '
ani . FEBy A R RG0T O biorhiAtE HRERENARL rans
wher ei formhigori proegsseanslpat i al trans formation unit

per f or 1P 1n‘ifgr§e te'%’ %rrﬁ%ra%%fth@(%ntru ]}t%r t 'a%r}nfx%% %ﬁ\ﬁ)oral trans-

based on an rse-wave orna IFon
vi deo ﬂnematﬂ@r prasess lima nedtiaimed tanporddevaleuenee, t he

constra ned ora iS a of the engcoded .

C Do bethiiEm LE ARG radef b FEPTRESaR oS orgiBaRe orming the
t enpor @belse¥pdtial pRdeR af Gusin 0& s@fenipotal enasdadatfonaresess on the
froma hi ghest. fra index to a lowest franme index in

a sameTSHIBRYP FRIEFICNS58] The vi deo decoder as

cl ai medhd fided adddddrias MIREE iMclhin® 5T onsdiaieverse spatial trans-
tenpor al | evel sequence is perlodlcally repeated on a

Group Ormpsien yHbRerfaomeyn ey se- Wit trrpdormalion apdbe Hapsformation
as cl aldeegbitdls Q/Ih?dhrﬂa5§beémﬁ(féirhé"téﬂl%rdl'i‘r‘éﬁﬁ%ﬁné@ﬁ@@k%verse

trans formation unit performs |nverse tenporal
t r ansf Mmpatal gangarmpd@n@oR. basi s, and t he encoded

framesrgy %dé&‘é{% odr JS%&E&IH{ é’lalfnﬁ 5‘]§ Q{/l?egel eal‘ilt%xg@gfragigeﬂgrans-

the franmes at t st tenpora evel
at t heforowest UItlti‘leﬁlTHlIS tlheemed:rswpmahtralsmatipﬁpl]ocmeon the trans-

vi deo gecoder
bi t - st g)é%llaftllon cf‘oe?flclerﬁgd tang ﬁheulﬁllv%rse [nrnpo’r%l Strag%fgrmatlon udnt performs the

i nfor m&emﬂ_témmlttMSMamIr plamss op tiic taznﬂfaimla&pmweéﬁments

e o o SROL AL s R AT B ARG Ml B
formation unit.
The video decoder as claimed in claim 55, wherein the inverse spatial trans-
formation unit performs the inverse-spatial transformation process based on an
inverse-wavelet transformation.
The video decoder as claimed in claim 53, wherein the constrained temporal is a
sequence of the encoded frames from a highest temporal level to a lowest
temporal level, and a sequence of the encoded frames from a highest frame index

to a lowest frame index in a same temporal level.

The video decoder as claimed in claim 57, wherein the constrained temporal



formation. [61] The video decoder as clained in claim
60, wherein the constrained tenporal |evel sequence is

wW@ersosiceal | y repeated on a QGioup of Pictures PAIRR2004/002371

[59]

[60]

[61]

[62]

[63]

[64]

[65]

basis. [62] The video decoder as clained in claim®60,
wherein the coding node information determ ning the
constrai ned tenporal |evel sequence conprises an

end- t olegeidequingy isqenodiohllpeepeated en a Birowyhelr Ricturas (GOP) basis.

constr 'ﬁl@ g@eﬁg 8{9?)851%{5 clla%)ﬁgh i AIESS G{?}?eg(%hg trﬂﬂc]elﬂg%cs:‘% %’:g{a)l?)?al trans-

codi ng rogresses
fr arresfoamlaaorhmghmforme nm@:rs&l tethporal trgmsf@nlacoe st the GOP basis, and

t I the f
ot exDeanfiH SR distin S b B B Bl GRETg G T rames
t he | othesightengopahl leedled thevifingds dnds 1o@estyahpdralelavel within a

decode& and fromthe franes at a | owest frane index
to a h g)ﬁ)est frame index in a sane tenporal |evel.

[63] Thee Videeaedasoflaidsd ¢l Auite s3I vheetiaithe Bid strodein@rpretation
t he redundanCé el i m nation sequence is extracted from

t he i npit exdfae WlnﬁqueAnmﬁ%@fbfrﬁ@dh%hﬁtﬁ@%ﬂ ilI]rPélt and determines

L her eofhe 3oRAiASeAT ASHIARY DA UBRIRE (oo BSdih@mode in-
execute a video coding method conprising: elimnating

a t enp@@ptigredundancy in a constrained t enporal |evel
Sequengfe Iflﬁgghécoﬁéﬂlc{s%!lahﬁ%d chlfclirn?H@ Swﬁ%fr%ﬁ t &%Qtramedgtemporal

sequence; and generati ng quant
t r ansf evelestqumce aqfehpdlcehh}t spoiie@ome@}rf)mrwﬁ Ribwrdsr(&ahd basis.

whose i’ﬁ(yp gé@hecoﬁg agdc?a{}&iys% t}?g'lail?l? 8(5] \%er&}l nl%t C}%)(?éélebfo‘ formation

storage hediumrteco ereon a’program rea
a conpddtemising alse ctamseaqeahteﬁlparal ila}bebseqodlcn@onmhb@chn end to-end

AT TR TN M T
obt ai ndien@“rﬁiﬁémﬁ}f e l?fadllng Mo e fotaatit frodiysses from the encoded frames
A R R A N S
t hr ougha@e indeX &Y R ek QRBRE D int dodipakios Rt AnQcéded frame at the lowest
thetransformation coefficients in a constrained
t enpor tempogal dgvek é“d%h}éaé not yet been decoded, and from the frames at a lowest
frame index to a highest frame index in a same temporal level.
The video decoder as claimed in claim 53, wherein the redundancy elimination
sequence is extracted from the input stream.
A storage medium recoding thereon a program readable by a computer so as to
execute a video coding method comprising:
eliminating a temporal redundancy in a constrained temporal level sequence
from a plurality of frames of a video sequence; and
generating a bit-stream by quantizing transformation coefficients obtained from
the frames whose temporal redundancy has been eliminated.
A storage medium recoding thereon a program readable by a computer so as to
execute a video coding method comprising:
extracting information regarding encoded frames by receiving and interpreting a
bit-stream;
obtaining transformation coefficients by inverse-quantizing the information
regarding the encoded frames; and

restoring the encoded frames through an inverse-temporal transformation of the
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transformation coefficients in a constrained temporal level sequence.



