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[3] A basic principle of data compression is to eliminate redundancy between the data.

The data redundancy implies three types of redundancies: spatial redundancy, temporal
redundancy, and perceptional-visual redundancy. Spatial redundancy refers to du-
plication of identical colors or objects in an image, temporal redundancy refers to no or
little variation between adjacent frames in a moving picture frame or successive
repetition of same sounds in audio, and perceptional-visual redundancy refers to
dullness of human's vision and sensation to high frequencies. By eliminating these re-
dundancies, data can be compressed. Types of data compression can be divided into
loss/lossless compression depending upon whether source data is lost, intra-
[rame/inter-frame compression depending upon whether data is compressed inde-
pendently relative to each frame, and symmetrical/asymmetrical compression,

depending upon whether compression and restoration of data require for the same
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IcBnMEg vih@@quality and temporal scalability available for controlling frame rates
of video, and combinations thereof.

(5] Among numerous techniques used in a wavelet-based scalable video coding
scheme, motion compensated temporal (iltering (MCTF) proposed by Ohm (J. R.
Ohm, "Three-dimensional subband coding with motion compensation,' IEEE Trans.
Image Proc., Vol. 3, No. 5, Sept. 1994 ) and improved by Choi and Wood ( S. J. Choi
and J. W. Woods, 'Motion compensated 3-D subband coding of video,' IEEE Trans,
Image Proc., Vol. 8, No. 2, Feb. 1999) is a core technique to eliminate temporal
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.



codi ng operation is performed on a Goup of Pictures (GOP) basis, and
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more general fyROBNOLKSe: Slcﬂaa?,dghédn%hinéa%éﬁon compensated temporal filtering’ ISO/
IECJTC1/SC29/WG11, MPEG03/M8388, 2002). UMCTF will be described with

reference to FIG. 2.

[8] FIG. 2 illusirates temporal decompositions in scalable video coding and decoding
processes employing a UMCTF scheme.

[9] In the UMCTF scheme, a plurality of reference frames and bi-directional filtering
are available for use, thereby providing more general frameworks. In addition, non-
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
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controlling end-to-end delay so as to provide a low end-to-end delay. In addition, a
video coding algorithm to provide temporal frameworks from the highest temporal
level to the lowest tlemporal level is needed so as to allow both the encoder-side and
the decoder-side to have temporal scalability.

[12] Accordingly, the present invention has been conceived to satisfy the needs
described above. 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.

[13] 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.



decodi ng nmet hod and apparatus wherein an end-to-end delay tine can be
controlled and an encoder-side has also tenporal scalability. [13]
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[19] The reference frames referred by each frame in the temporal redundancy
elimination process further comprise themselves (frames currently in the filtering
process). The frames currently in the filtering process are encoded as I frames where a
ratio that they refer themselves in the temporal redundancy elimination process is
greater than a predetermined value.

[20] The reference frames referred in the temporal redundancy elimination process may
further comprise one or more frames at the next GOP, whose temporal levels are
higher than each of the frames currently in the filtering process.

[21] 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 {rames constituting the GOP, may have the



ratio that they refer thenselves in the tenporal redundancy
elimnation process is greater than a predeterm ned value. [20] The
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respective renmédiding té tharBsstiamee knfforalad] seqeos, dind Gorttsis El@ination, each of
constrained t oral .l evel seguence, and for this elimnation eehch

ﬁ}ilr%ré higher

of the remai TRNRRAPEKTRICE YIROT BTG58 ee flamEh d rPpdevly
t enpor al | eveltsantisglier reférbane ortr@t kreferendedtRies vaioe: DcEP R 16wirchancelf,

frames whose i ndexes are | r than jitself he .frames at

t enpor al Ievelamt-gﬂﬁgglf«‘:é1 estagygfel}pg@??c.velﬁq&y%l?[gﬁ? ggﬁﬁg’%‘f’[g@é’r@%@iﬂe’*@ams
referred to elframesadferrdédie ctisimos db tangou dalnadanty Gomresppadieifiagnet canPsse
conpri se one or ;m%fraergevﬁglmho e iiﬁ%ex dij ftference is the mni mim,
anong one or FOY & FOAnam T Wé t ARSERET 15| Ms /R IPLTRT SMOPE PRGEF more frames
t hensel ves. [ 25¥ing kendord ievebthighbethhn diemsélvésenporal | evel within the
GOP has | o index.. [26].1n the.t | r.edundanc

el i m nat [Iagﬁ pr \(I)f@%scsffr%rﬁggtr%? féﬁghrcgf tgl[rn %ngelcﬁlé”ﬁ%%n tgg?iglfheaa thcb Owgsggﬁx'ﬁ ane
i ncl ude thensetdegs. The franes currently in the filtering process are

Sﬂgosggp[g@a: fr T%fRe %Mr]n%gpal }qunc{a%&\,i( 8il’}lipigt§0ﬁt p@g s C?Jeelﬁgre E‘er}grggc%l fYatves rdlerred
by each frame include themselves. The frames currently in the filtering process are
encoded as I frames where the ratio that they refers themselves in the temporal
redundancy elimination process is over the predetermined value of ratio.

[27] The reference frames referred in the temporal redundancy elimination process
further comprise one or more (rames at the next GOP, whose temporal levels are
higher than each of the frames currently in the filtering process and whose temporal
distances from each of the frames currently in the filtering process are within D.

[28] According to an exemplary embodiment 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-



redundancy elimnation process is over the predeterm ned val ue of
ratio. [27] The reference franes referred in the tenporal redundancy

el imnati 0“/(%095@5%@6' further conprise ope or nore framﬁgﬁ%@gjo&gﬁt

GOP, whose tenporal |evels are higher than each of the
currently in the filtering process and whose tenporal distances from
each of the franmes currently in the filtering process are within D

[28] Accor di ngitrkm@By BESTMAMn @R hdBtaih cbdifciBiigsent invention, a
vi deo encgder conprises a tenporal transformation unit elimnating

t enpor al [2&dundahbs Vidse Empesh FansiorAston Whipd Mairateei¢eposbydeniarcy ol gk a

plurality of fffmRsani dRkEmitsahRahésAlhdsé Bnsrordl HdIRIdn@NhatMebn eliminated to
el imnating Spﬁtl al. redundancy fromthe franes, uanti zatiogn unit
f

. [ S, a quant tion,
quanti zi ng t r dRSTRSHREFNSITIRYION; Fidktaendpe SR HOTRIop g eHmEngtes |
elimnating t@aporaundidy SPAL falnet GHoRIANSIrATeduadshcd hRd beed Eli®@HRed, and
generation uni gbenﬁr at'{?:{l% bit WD 2005/055606 7 PCI/ R2004/‘00_2371
streans by use 3PPy e TERsiaen codtiunet Yy preblRErd Cdhisitigice e spatiab dransr
vi deo t enpor alfoiniAids it RBiimks WY dpa@l] rdbuR@hep of MERAMAY thF RSN AN Yirss-
the franmes and transmts the franmes whose tenporal redundancy has

been el i ni nat é8™#41°% he spatial transformation unit, and then the

spatial Ropnsf or Ted épanalufinkfoghitBnREsREr clfRiakttSdediRidbRATNEY rfiestthi®ugh
frames whose ter{p]%r al redundancy has. b{sherrf] el i m nat ed, ar&d there%y
the transfor me¥ 361t EEBfFPRiamid mnamiihsframgs whesespatal fqdppelangyas been
s Eat :c al tr anrs] -elifrOf a1t tio@]lib Mﬂipbraﬁirﬁﬂﬁ;fdiﬁlh@@l e arkP@dén ?}E téxﬁdﬂdldﬁlﬂﬁym‘{hftion
the frames throu wavel et trans- formation. [3 e.spati

L ranst or mat | o B dE A AT B DR PRl fen ey bgbeen
wavel et transfetintimitéd) andthdreby arfmnfBrohien oeitienwhaesdtamat | al

redundan has been, elimnated to the tenporal transfornmation unit,
and t henChe t entt SMBPFEL T alieT it SRRTIF o6 4 PR SLmASRIgHLRD g
redundancy of mdtenfveenasrahaphirdpati Gdmesdapindanmpolabfltdi@mnit temporally
el imnated, angd t.hereby the transformati on cqoefficients a obt.ai ned.
T3] The t enpalterng Prorbstiad P ERSHC I cosmre et e aiud SE Gorimprty
uni t obt ai ni ngise nbthe arotiee ctaos, dniamaleptlactiniunit deferhihiyabe ¢congidineda
tenporal filterin nit tenporall fi.ltering j,n constraine e r al
evel " sequencav PR Pk SRS b Sogpkgnds TPt B A DREy hE ok
not i on vect or sgleativh witdetemses sdasaronuapetiodiesldemition pGORsizzonst r ai ned
t enpor al vel sequence, . The co rai.ned tenmporal. | evel . sequence
whioh tHE 2 ode °EERECsIct0n FRESIGRIRS b SIRBIRL C-EHF U BETHERFRg et
function of GIRnssaethe hgh§st Thibe st embeat keotls ami df fdetee antha esaltckigo the

ovest t enpor STerpars M SR HPRRE Enpor BN TR balPRpgd BN IP5bat
frame i ndexes sequentredetermenaddryplor mbdd eleetion Themepbsparmidiveldly tepeqat @l a
level GOP size basis.

[33] The mode selection unit determines the constrained temporal level sequence by
reference to the delay control parameter D, where the determined temporal level
sequence is the sequence of [rames at the highest (o the lowest temporal level among
the frames of indexes not exceeding D in comparison of the frame at the lowest level,
whose temporal redundancy is not eliminated, and the sequence of the frames at the
smallest to the largest frame indexes in the same temporal level.

[34] The temporal filtering unit 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



sequence determ ned by the node selection unit may be periodically
repeated on a GOP size basis. [33] The node sel ection unit

det er m nes rai ned tenporal |evgl sequence by
oeﬁeaﬁ; § b /g]{z‘ipg/@uezfsﬂ

the delay control paranmeter D, where the determ ned tenpor
sequence is the sequence of frames at the highest to the | owest
tenporal level anong the franmes of indexes not exceeding Din

conpari son of fidwgesfat &RpoRA 1dvBI8 high¥asin k@M@ referdBRSE hQBBIERhce frames
redundancy is not eljmnated, and the sequence of the franmes at the

h L
smal | est to t HE9seiYeLss s lomer thap dsedls appng He framppati@RprIrldevel equralent to

[34] The tenpatsalf. Thel eRidnBOfrikAE Fef@tddth BRiBRtct thetchPpBRPFealindapElRsa Y
on a GOP basis. accordi pg)_to the constrai ned tenporal |evel sequence

sel ected by t HEASERAYLOMPERS A OF (WP {ramgh dpwng the npipupn index differgnesrean

t enpor al | evelthavriht burtda@y GORe ifistc SNERIEHs, afoaR ohe of @B EramaB gk Hidhep
t enpor al redundanc% fromrespecti veﬁr erragérgi ng frames is elimnated,
and for this ePPRPAFEYDHhaR ety flerBgHpRPSHg frames refers one or

nmore ref@spnce Vihe20fhé Aah&Righdst RRpoHMRROOWINNEE GOH iR MRSlodtst tenmpdal
| evel s hi gher fthan i,tself or refers one or nore reference frames

whose i ndexes B PRer than itsel f , anmong the franes at tenporal
| evel egmyal ent Thotempbselifterinphaitriefiest @deled tha fRme i:@dntgdn e filtering

elimnate the tenpor redundancy fromthe franes conpri se_ one
or ot 1 ars, RO s K SHOR A foaEe Hiep L aHERe P S ae braiey
currently in tfhen fhelceedtygilprcidesss, Aaf@nme ke @mpoRI BltdrmanBa catodes thﬁ
hi gher tenporal |evels an the currently filteri franmes. [3 The
frame at - ¢he. gLy el SR Sy g o frsochss Wbt BB geliare
temporal franefetsidelf is §v8Hihe Pheeletcaniped edlud.i [ tering unit further

i ncl udes e fr rrently in the filtering. proces o the .

ref er enc@err ameg‘irﬁee"i?1 sk %&ngrﬁﬂgq & %eélﬁaﬁeé tli'ﬁ%@“#’@ﬁ‘ﬁ‘d?%@?%’&?ﬂﬁﬁéﬁ%on
from the curr e tonstraiihddetemdonal lanet seqitendehiTse bit-pegant Feaetadompodiiay generate
filtering unit, encodes the. currently filtered fr as.an | frane
where the 1 at 1% DRSTEHBeinf HbRIPY b befRhadss® FuPlid enoal B
over the predeparahradentianaiesi@edundaticy Thminaiidr sijn@rm) geolariatthomangforhation
generates the ngftﬁasek{seam i ncluding information on the constrained
tenporal |evel "Sequence. The bit-stream generation unit nay generate
t he bit-88F eam i Actéanding¢p amdxemphry enbaimedie! tegusanesvenfiors hividen dtdading

t enporal and i ( i _ elim patian sequences
oo o R A LGN Sl RN R LORS G0 BERYSORER
exenpl ary enbauiutend ingfrpretieg themsehidining vrendfornmtion cadfaentsiey dikieng-

et h.Od. conpr i %gﬁntﬁ)ﬁ{r%tﬁg Eljf&g‘laitiglfl 8k Hﬁtehg&ieﬁ) Rafnls 99(? Iqtstfoﬁﬁgﬁl% f%es through
recel vi ng bit-strea
inverse-temporal transformation of the transformation coefficients in the constrained

temporal level sequence.

[39] In the restoration step, the frames are obtained through the inverse-temporal trans-
formation of the transformation coefficients and subsequently through inverse-wavelet
iransformation of the resultants,

[40] In the restoration 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.

[41] 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



input and interpreting them obtaining transformation coefficients by
i nverse quantizing the informati on on the encoded franes, and
restoring RSehdid t hrough i nverse-tfrrporal transf or pat i ph, 95025'}]9
transformation coefficients in the constrained tenpora eveI0
sequence. [39] In the restoration step, the franes are obtained

t hrough the inverse-tenporal trans- formation of the transformation
coefficients améreubspstdeidryg o heugiek RueliSerNa VIRl @bodel TRRRE @@t i on

of the resultants. %)'gﬁ?é’ I n Lhe restqratign step, the frames are
obt ai ned t hr oFRCSL AR IYshRLPOFsHAS O toForalrtiBe (MPPHblexd dequetteent s

before the inwanseticeygmr al transformation, and sub- sequently

t hrough ipnverse-tenporal transformtion of the resultants. )

Pr ef e?abdﬂ'g}, t he ﬁ%ﬁ%ﬁé@%ﬁ@%ﬁ“ﬁ@ﬁ%@&?%ﬁ fldermingsh aggrdiag to the coding

i nver se- wavel efodeiashalor@kiradied frddkheHiesiranshpal TRGohaARRA dmpdeMedvel
sequence refers to the s%gcu nce of thsngyjéﬁg‘rres at .the highest to t he

| owest t enpor &FIHBGR PO ¥ TeRratef pn o124 Bsis iy fhg sape flipgymode.

smal | est[43] ndexeshd dbdiansRTBloheNAI@terh BV the ddiRrEiaaBkmbAERvel sequence
tenmporal |evel sequence is pe- ri.odi calli/) repeat ed on S|z

bas| s The i niRbGamBE ot 1 Breaf Spla FEobpRT Br e B VarTnBeSorsRnES 606 o
]I:’CT / KF%004/ OOZé?n(Zjﬁorali lm&éﬁ;ﬁeﬁcﬁmﬁ&ﬁjﬁinedl by thelcbdigg ﬁilcodié hﬁorliﬁaﬁﬂig&,pr@frs%ﬁéd! ng
romthe encoded franes t he _ hi ghest tenporal |evel a rocessi n
to the constr gfor% ef WS&%F‘”F%VéFe @Q&ﬂ%ﬁé@ﬁgwﬁﬁtf@r‘f‘?ﬂﬁ’wﬁﬁ%’e long s frage
constrai ned t éapag e ihésxed nc&teqweaimflj o) cdmpaﬁggh € thedQ @ 'thegoxtr@tT ﬁh@oral

codi n node i nfor i.on extracte mthe bit-streami ut .
Const i mod”t AN 138 aft el BiraRcedef it drolnt B ATl BB 4o Bafest

GOP si ze basi $ndered inghcssame taaptiraldevebde. [ 43] The codi ng node

i nformat deter,m ni,ng the.constrai ned tenporal .|l evel sequence may
compri sd & end- I8 ENAMAN &) P Srdg e eatiae O rop B b figam tnput
constraildgd t emporoading eval exsmglagnaebaéher of the grdagnttilenti@d a Rglcode@der

information i Qgresse fromthe encoded .franes _ at t.he highest.t.o
the T onest ¢ erpare FES Pt B0 AR B0 G A e b m o Bhs -
exceedi ng D i terpetipathedirstoimttdextfactinmtorattidnhm dnowdedtiranenderaiton, laevel |
whi ch has not . . : r f at .the | owest t.o
nahest i ndedbEeRREARGR AR B8E o AbE IR hEBTE SRl A RAES boiki®
el i m nation ségodommtion cexdficiants derdirooman revelse tpasitik tensformaticn. unfit4 5]
According to af Y I t _ t. nventi a -
1 deo. decoder TeTSERAPIAALK, SRAEHRm Alor el BREM il NEBLAM s,
bi t - st r eam i ntemptiet atil perfarmirng inverse-empoewt frangfarietidy grosstss mamongrained

extract infor E‘aﬁaéo?;ﬂ 18141 %ﬁ%@%]ﬁgr@ig?ﬁm%p%?ésqu ethen %gggrs?lg%mrpénral trans-

i nver se- quanti Z |_0n unit” |1 nver se- quantl Zl ng 1
i nf or mat i on t dorotatian processes of the transformation coefficients.

[46] The video decoder further comprises an inverse-wavelet transformation unit
performing inverse-wavelet transformation of the resultants obtained by operating the
transformation coefficients with the inverse temporal transformation unit.

[47] The video decoder {urther comprises an inverse spatial transformation unit
performing inverse spatial transformation of the transformation coefficients, wherein
the resultants through the inverse spatial transformation of the transformation co-
efficients are inverse-temporally transformed by the inverse temporal transformation
unit.

[48] 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.



transformati on coefficients therefrom an inverse spatial
transformation unit performng inverse-spatial transformation

process, a%ﬁﬁﬁﬂgqqgugrse tenporal trans- formation unit p@f/wdgj',[}(g 71
al ot enporaf'

i nver se-tenpor transformation process in a constrained
| evel sequence, wherein franmes are restored through inverse-tenporal
trans- formation processes of the transformation coefficients. [46]

The vi depoglecoderhd ikl lenpRP irh &ESmARoA RYEFIBIMAMEERE hipdfs frakt@hiagsh
unit perform ng éﬁgﬁgrse- \/\gvel et transformation of the resultants

obt ai ned by op¥r ajip@nd {heeneqdsd frames e dysrseiteneerlly Wtered, siging from
i nverse tenporad fritheds ey Kigiebabmpdtal levdl &/ thosthie mei 1698 BaGRAS levELN I8 the

conpri ses an i@#ﬁ;se spatial transformation unit performng inverse
spatial transf tion of the transformation coefficients, wherein

t he resulspant s tirobighrdabEintomyeiatsn eRedxiatts iffamstion bREbdR: Abdd Bém the
transformati og,(_:o- efficie as are inverse-tenporally transformed b

ny
the inverse t ap ”E‘H”éﬁ%‘ip FLERRRGS e QaRptraingd e porpldeyeh seauence apeaTdlige to
transf or mat i onhelgidingdasdeOinfembdic. ThY edrS@ais@iPkepbral lead SEqien® il Bétiodically
based on the inver e-\/\%gfggt .transformation, and the constrai ned
t enpor al Ievelrepe@i?alﬁ’gﬁ1 %ts fromthe encoded frames at the

hi ghest [50] t he | DiesdditeanPdy idformeusl @terming; ©OB&istraiheedmberiPRYalscquence
| evel sequence is .)Qeri odi ale%%peat d on a %P size basjs. WO

2005/ 055606 16 BETFGAREBYH- COpYRNPAARELS R, SISE P fiyiirajped temporal

t ransf or mat i onewehsdqupekideferminedive heotiggpRalinfoérmanss Rrpigidsesd fedin theGOP
basis, and the _encqded franes. are ipverse-te ral filtered, .
starting fromc“f?ijgggrramgt tg%aﬁlgﬁcét ‘r?itg%]é’&fmtt' ?le{?"%l%\%‘i“gtt%e ?%%"‘ém&‘f]g
the | owest t enjoindéxek avedxcyddiny M it de@npafkdd of [(franddi@t thd Towsét t@naworal level,
interpretation ,unit exiracts nformtion on_codin de fr t he
bit-streami np“(ﬂla%i% nﬁé?@?’ﬁ?“ﬁk O(f ea“élofﬁoélf iR ¢ WPt tPg{%]E?St indexes

sequence accorigilegate tendfeealdodl.ng node i nformati on. The constrai ned

t I I i er.i qdi cal | . . basi s.
ST hdseba g MBS AR AEr bR aRplen RIS TR T eE Pempor
| evel sequence conprises an endDeseriptibmiebdfayDeawmings! par aneter D,

wh t traj | .. | det i ned th :
codi ng MBA6 T nf of eELd TR sbics By BioRF oy FhanCEs S Bedtrb il on vite
hi ghest t o t hédelnowesicar ewplerstdod| fereths felhovige ddialefinlasveiptitratakemin t he

i ndexes not e i i 0 [ f.the frame at the | owest
tenporal | eve??%%\g\mb%kﬁ#a@c %g{&?g{tﬁ%ggﬁwgégﬁ é%',%hand fromthe frames
at the |[6dkst t oFlki.dhlbstraien thaosal deqonifositisamne stadahpovidto ¢oghing) and [dBRYding

The r edundanc;brgéegsgl E&ﬂblio9ﬂg%§ﬂ’f@fig§chleﬁe-e” racted fromthe input

stream
[53] FIG. 2 illustrates temporal decompositions in scalable video coding and decoding

processes employing a UMCTF scheme;

[56] FIG. 3 is a functional block diagram illustrating a scalable video encoder according
to an exemplary embodiment of the present invention;

[57] FIG. 4 is a lunctional block diagram illustrating a scalable video encoder according
to an exemplary embodiment of the present invention;

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

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

[60] FIG. 7 illustrates many possible connections between frames in the STAR
algorithm;



Description of Drawi ngs [53] The above and ot her objects, features
and advant ages of the present invention will be nore clearly

under st ood follow ng detail ed description takep,.l

conj uncti oﬂ%ﬂﬁ{agtgﬁ)g acconpanyi ng dravviﬂgs, i n which: [EHTIRH'O&W%SH
illustrates tenporal deconpositions in scal able video codi ng and
decodi ng processes enploying an MCTF schenme; [55] FIG 2 illustrates

t enpor al [gd@conporpid.iginNastiafes $68tcAlh L bitvdaPGOPH hdrdr@nioda ¢R&thMary
processes enpl oying a UMCTF schenme; [56] FIG 3 is a functional block

di agram i | | ust$HtOdHReNS Ok g PESPTH IRYeBdEd: encoder according to an

exenpl ar ps2enbodi FERY ihstéahR pBEESe BdnnkaMANb@Ben frinfds ik héa-dfadicSteporal filte
functional block diagramillustrati %g a scal abl e video encoder

according to 4% BKHRSAP ¢ erRTRTembodment Rl e RreseRt InV§igRt i on; [ 58]
FIG 5 im3p funcri@nalilieaek péisade @ihédibhsbdiRédnTehnts $€ bl fiMési0vhere
decoder accordi ne% to an exenpl ary enbadi nent of the present ,

i nvention; [ 59" RfE-crd flelay canirgh REAMCIHTAS PO-ASHIEIE (o1 gxegiplEy smbediment
t enporal appr ofi refAt dkéhtionef er enci ng (STAR) al gorithm according to

an exenpl ary enbadi nment of the esent  invention; [60] FIG 7 .

i1 ust raﬂtégi manylg Jdthsdaics st recsien -we@rféw[é 7 fgmpreal Biforpg where
al gorithm WO (ROER Q538 @6la} Loktkel hisHReRAsAHE ¢ dording 1 aféemplary embodiment
illustrates referenci ngjﬁbet.ween GOPs according to an exenpl ary

embodi ment of ¥H¥ BFELERYY0ention: [62] FIG 9 illustrat es possible
connect i [@3% bet WBER 1RrikusRateh Poddidie chyiactiiond WiPendtanids i @mpbiad@liering where
according to atﬂ exetrrpl §r§1¥~ enbodi nent of . t%_e pr esg.nt i nventi fn; [ 63]
FIG 10 il1ustP&E¥sOFBESFBY SOUEH REETTIGRhE HEeREEHINE s RPlEHpor al
filtering wheremmbodimendf the pescht dekagongont rol paranmeter is zero,
according,to an l.ary enmbodi, ment f th resent .i nventi ;8%6
PG 11 Rl ustraf e poRelaRE pRorer Pt e s e e Blfsisedyere
filtering whertke etdrie-catidelag cemeb! gahmytecRnlireo©hndoaG:oRBize s 16 a0dveding to an
according to an_exenpl ary. et ogﬂ ment of the present invention; [65]
FIG 12 ill ustcﬁ(g?iglg%%%a%‘%/dﬂfl%‘ ¢ h‘ﬁé’ﬁ FUAY B Meen frames in tenporal
filtering7Wher e Fithd4éhdttes ordade baykvendt biedirepasmahehe intiaprédiniea modes;
accordin 0 an l.ar enboxrj?' ment of th resent inventian; [66]
PG 13 ] ustraf K6 IB0RErBIeE P RO et TS en v g o e S o o
filtering wherpeedication modes in temporal filtering according to an exemplary embodiment of the
present invention; ‘
[69] FIG. 16 illustrates an example of video coding in fast changed video sequence
according to the exemplary embodiment of FIG. 15;
[70] FIG. 17 illustrates an example of video coding in slow changed video sequence
according to the exemplary embodiment of FIG. 15;
[71] FIG. 18 is a graph showing peak signal to noise ratio (PSNR) results for a Foreman
common intermediate format (CIF) sequence in a video coding scheme;
[72] FIG. 19 is a graph showing PSNR results for a Mobile CIF sequence in a video
coding scheme;
[73] 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;
[74] 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
[75] 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.



the end-to-end delay control paraneter is three and a GOP size is 16,
according to an exerrpl ary enbodi nent of the present invention; [67]
FIG 14 ilLys forward-, backward-,, bi-directional

prediction m)é) 68] FIG 15 iIlustrétes possi bl e con%@ggszMZ%I
bet ween franes, corrprl sing four predication nodes in tenporal
filtering according to an exenplary enbodi nent of the present

invention; [69] FIG 16 illustrateMaie esanEheedtfonvi deo coding in
f ast chap}ged vi deo sequence _according to the exenplary enbodi ment of

FIG 15;[Pyo] Fi Berempitey, exgupplany egbgdimenis,ob the Péffsewmﬂ%m%e qeserified yp

changed vi deo &EMUGIRERferéde @ the ABcdnahBy 8% emﬂn%sary enbodi rretnt 012 Pg:\lg
nal to noise ratio

15; [71] G 18 aph sh eak si

resul ts 5 a FoFllsC?rérfg ?Hﬁli‘ﬁlgmﬂéa aindlllést%ﬁ%fca@élw @éaa%éécqorﬂ%
vi deo COd' ng 96he RS myld]enfbb@mekPof the preginﬁﬁlher&f&fﬁw ng PSNR results for
a Mobile F sequence .in. a video I n %? [73] FIG, 20 is a
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generation umvtect%% i9 ?u'}a%h@é or[gc % poral ﬁft(';nen?gmm?tquanr?i' tﬂgtcmporal filtering unit 14

performs temporal filtering for a plurality of frames by use of the information on the

motion vectors. In this exemplary embodiment, the temporal filtering is performed on
a GOP basis.

[81] The mode selection unit 16 determines a sequence for temporal filtering. The
temporal filtering in this exemplary embodiment is basically processed in the sequence
starting from a frame at the highest temporal level to a frame to the lowest temporal
level within the GOP. When the (rames are at the same temporal level, the temporal
filtering is processed in the sequence starting from a frame of the lowest index to a
frame of the highest index. The frame index is an index to indicate a temporal
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,

[82] 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



quanti zed transformati on coefficients and other information. [79] The
tenporal transformation unit 10 conprises a notion esti mation uni t

12, a tenpey Absdssbdser i ng unit 14 and ) node sel ection mdz
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oper ation cap ity in t ing process
' constrai ned trestgogdhe aole Ilmmqhbfm:lee, thei Il frafye can again be quartered and replaced

with an L image having a quarter area and information to restore the L image. This
kind of compression scheme using the wavelet transformation has been applied to a
JPEG2000 compression scheme. Spatial redundancy of the frames can be eliminated
through the wavelet-based transformation, Unlike DCT transformation, in the wavelet
transformation, original image information is stored in transformed image which is
reduced in dimension, thereby enabling video coding having spatial scalability by use
of the reduced image. However, the wavelet transformation scheme is herein used by
way of example. Where there is no need to accomplish spatial scalability, the DCT
scheme may be used as a conventional moving image compression scheme such as
MPEG-2.

[85] Temporally filtered frames are transformed into transformation coefficients

through spatial transformation. The transformation coefficients are transmitted to the
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bit-stream.

[87] Where the wavelet transformation is used to eliminate spatial redundancy, the
shape of the original image of the transformed {rame remains. For this reason, unlike
the DCT-based moving picture coding scheme, the image can pass through spatial
transformation, temporal transformation and quantization in sequence, to generate a
bit-stream. Another exemplary embodiment of this process will be described with
reference to FIG. 4.

[88] FIG. 4 is a functional block diagram illustrating a scalable video encoder according
to an exemplary embodiment of the present invention.

[89] 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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generally refe to a gener ranst or et on
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selection unit 76. In this exemplary embodiment, the temporal transformation unit 70
operates in the same manner as in FIG. 3, except that the frames input are spatially
transformed frames, unlike FIG. 3. Further, a difference between the exemplary
embodiment of FIG. 4. and the exemplary embodiment of FIG. 3. is that the temporal
transformation unit 70 generates transformation coefficients for quantization of the
frames whose temporal redundancy is eliminated after their spatial redundancy has
been eliminated.

[93] The quantization unit 80 quantizes the transformation coefficients to generate
quantized image information (encoded image information) and transmits the generated
image information to the bit-stream generation unit 40. Similar to FIG. 3, embedded
quantization is performed and SNR scalability relative to the bit-stream to be finally

generated is obtained.
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a sequence basis or a GOP basis. In the former case, the redundancy elimination
sequence should be included in the header of a video sequence; in the latter case, the
redundancy elimination sequence should be included in the header of a GOP.,

[97] The exemplary embodiments illustrated in FIGs. 3 and 4 can both be realized with
hardware, but they may also be realized by any device having software modules and
the computing capability for exeauting them.

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

[99] 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.
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exenpl ary enbaddgi theﬁtssdecbﬂmglmmm@j thﬂi&o@%que&c@j@desﬂor&amrdlgh thelfBst decoding
realized with ut the may. al so be.re evi ce
vt g sof ¢ war B 20 B rafifeeney et e of FRge B i PIer (G e e e
them [98] FI Cdecdﬁhm@urat JObnditivirealsedueneks chsmepdaon thd eesiid ddcbdigg anit 300. In
scal abl e video ccor di i ment, of
present inventd onw[l qﬁ‘@i)@ fre g‘%ﬁﬁ@%@‘ﬁ@ﬁ@@%&%T?’ﬂtssggalg m?hereby
bit-streami ntdetepn&tatqomtraumdtterﬂ;&@alllmeegenumce ng., tle deijiensd foeaermpomlut

and extract| ngueach. FRURARCNL, cONSLELYLLAG LIS, BiLeslreamy a binet

decodi ng unit or|ng ge enco according to
a second dec @mmgmmnt tthe:a@ﬁstraemztdaempcgaltlhel sarqagm:eemm beldderadoarbdsadgpntthe

Cecond” decodi A by facabiediol ERRCRANIde  Fodfd b 1 APRheTar o,

sof t war e nodulregoringtbe vidbeseqaeree ifropl theremicdel imagdinfianeltian, deardingdfyttmar e

modul es, first decoding unit 200 will be first described and decoding by the second decoding
unit 200 will then be described.

[103] Information on the encoded frames input into the first decoding unit 200 is inverse-
quantized by an inverse-quantization unit 210 and transformed into (ransformation co-
efficients. The transformation coefficients are inverse-spatially transformed by an
inverse-spatial transformation unit 220. The inverse-spatial transformation type is
dependent upon spatial transformation 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



they may be inplenented in a separate manner or an integrated manner.
If they are im plenented in an integrated manner, the first and
second decQgj REsARiLs 200 and 300 restares the eI i m na @ m
the bit-streamo tal%Gned in the bit-streaminter- pretat%on unit 6@
by applying the redundancy elim nation sequence in an inverse

manner. [101] The vi deo scal abl e decoder can be inplenented so as to

restore all Ofinidi-lcApERSraRAERERsh hilkt THO RSB e HARHOERRGM(ng a video
el i m nati on sequences, but it may also be im plenented so that only

the i mage encé&%‘t?ni:fhthé‘?uéh&VGEF"?YP@T%HG#&]%Wéf} sORsEHPSIIRMPYEiGEices

can be rest or edquehdd2he ToStrinkd SR dvEL LfiRmed @hy B&obiRintd BPRerpreting
interprets the b{)t streaminput, extracts encoded inmage information

(encoded frang&§ ‘éﬁ‘ﬂeaﬂé’tﬂ&“rﬁyﬁé& bit-niEcamprtrapreiatipnpnit ]rc@dﬁﬁd%‘f%%‘? temporal

el i m nation. |tfan§fbﬁnﬁtﬂﬁym€@ﬂ@k&e&émﬁﬂrﬁl&meﬂﬂg SRICUENGEs mBtiSRIcRES oBtfined by
decoding by the first decoding unit 200, the video sequence is
restored throdﬁtﬁrpfﬁglgftb?'%lf SG&bding unit 200. If the redundancy

el i m natjilon] sequBdieenatisn 54 Bhddakd ir@m@!sﬁﬁ@dhﬁl@ tHeketdha d%&ﬁmggdmimg%jixﬂ@rse-
unit 300, the video ?i %ﬁence is restored Q/ riI‘}‘e second ecodlfn nit
300. In addi t4"8Zof R Ui YIS @ERTTANOR PR &t AAnddrmsiATRedint fans 8%'5%“@9500'
t he bit - st r eangffidientt. IThe efaysfodetion abeﬂﬁmant@@as;weadenaﬁpér@mm@ir@fonhe&s} the
sequence, i.e., the se uence for ter%dﬁ% filterin Off&FIhe franes

when te rrpor al PEHIAGRREG! fransfrmation.y | e IRPRONCKEE jpverse-temporal
enbodi nment, t hemsfonsdtoaiane thetcdnes@d té@(ﬂl 16eDRDaR: 6aNbdsbidridrsth ned

based on the val ue of a | ay. contr ol r det.erm nin g
mode. In & pr dEdutop feafted fisbn gt PRirtioR Sy Mo CuraR FEBH i BHdOh ]
:c mage :j nf or ngttié@mt stﬁbéﬁﬂ(ﬂnfbgnﬂ%mtohencddbdl sﬁadgésgﬁmEg@swﬂ mroa@g (1):\(/)Me1~sle- be

i rst descri and dec secand .decodi ng
t hen be descrﬁ%{’f’r tﬁ‘ﬁ‘#’@%&’&r%ﬁ AT PRTAgIeE Side p Haﬁifantthrf"r'ﬁho
the first decaﬁatragtramufmmﬁﬁan iBeifraves dethe gu@ ol pmﬁghi)ro@h spatial trans-
i nver se-quantization unit 0 sf or tlon
f 11 crents. THER VR et Ot SR rRRraR] S Vi upBR eBHPT Ry o
t ransf orned by3@rnd rastwerdse tispiadral cotgtimnBsiolieneitécorquanie, I&%@se—s]iml trans-
i nverse-spati 3

d
transf or mat | on!)rt[ﬁ‘cm%{l]%;éarelﬁcoI Oger% é’r?e%ﬁm{}\% earl}\?gnt g@)?rf@ﬁ%s anf%ﬁ’i%ﬁl on

is used for spmvehttrans&mmﬁmmMemm i nverse wavel et transformation is
perfor r th IO

t ransf gfﬁa%fon |§Pﬁés1c\éédgr f%rfiﬁ) &Bﬂ aéranltSfO?[%nﬁs or%ra tlrﬁ%ﬁons?rﬁl\?grg)gé level

t ransf or mat i omeqwn@ewftlmmmﬂhmmgu entpoah sealdbilitpratd omtobag fhecdindribsndideay
transforned i %gbg d&&ﬁﬁ?ﬁmarﬂgre'detfaﬁanes all of which are tenporally
inverse-filtere throu inverse-spatial transformation. In this
regard, [@AA6MD ZoﬂadmgcﬂhggrmrﬁmmﬁmitMﬁMe for the frames to have temporal

scalability on both the encoder-side and the decoder-side and the end-to-end delay can

be controlled, through a suwccessive temporal approximation and referencing algorithm,

namely, a STAR algorithm.
[107] FIG. 6 illustrates a basic concept of the STAR algorithm.
[108] To describe the basic concept of the STAR algorithm, every frame at each

temporal level is represented as a node, and the referencing relation between frames is
represented as an arc. At each temporal level, only necessary frames are located, for
example, only the first frame of a GOP is needed at the highest temporal level. In this
exemplary embodiment, 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



i nverse-tenporal transformation unit 230 restores the franes
constituting a video sequence through inverse-tenporal

transformagjd)ﬂ éf‘%q nstrai ned tenpor al bevel sequence. J.{} 004/002371
constrai ne tenpora | evel sequence nay “be obtai ned by T erprewl hg

the bit-streaminput by the bit-streaminterpretation unit 100. For
inverse-tenporal transformation, the inverse-tenporal filtering unit

230 uses noti Qf'gh\éQQérﬁﬁcﬁaIQQ\‘e@'a@@%eQYamé dftzﬁ‘deﬂréﬁﬁ ERGada alﬂ'xﬁteﬁfrﬁrﬁ@m[ frame)
104] Information on encoded franes |nﬁ into the second decodi ng
§

unit 300 is i ivErdEX! Eaeral lerg byyise pldhs prisiat Bame ahindeel- i THan, lfmmessﬁo

and transfor nBgddxBi D atd @RS eaEsMBE hPMteE PranRf b Gé1§$éﬁgnaﬂ}§mes of indexes 0 and
transformation coefficients are inverse-tenporally transforned by the

i nver se- t enporalattyafamgy ofdpdesps Liss b aabparcrhaerdsd of BTy EEIcs P usipg Original

i nver se- t enporfalmestof astR0MBL4 O @m@rehh caensbfighd &l e MO A keft S V&
sequence can he obtained fromin- fo ti.on acqured through

i nterpretati oﬁfwaﬂ%mmt%lgéw@aﬁmw& it Y S O RABLeao frimes
bit-stream | fﬁbﬂﬁﬁ&ﬂi Qﬁc&i"ngeﬂ edléﬁgﬂﬁlco&bﬂvln%eﬁ@cﬁ%ﬁoééﬁ,Qh'cgﬂame of

i nverse- tenpqQ or s, tra d into frames in state
of havi ng pasé%%"t Ccogg‘i\tT?‘ﬁlF df“‘r%fﬁ%‘? 6fSLH%tXI deepded by bence o thee
state of passldalgodela Iﬁ@&i@][bf sxmaia Dain tni @ﬁ&-mzfrﬁéﬂ&fclfﬁh&e@r)ﬁmdexes fz and 6 are

i nverse-spati ansforned in t invers atial transformatio

it 530 and EdiE bEAIFENITE B G S P RPG O R AT B e

| nver se- spat i ahdetceam& 4 hod Bafel deBoded @slinkar-ffdaees b YEFESAceSp &el d@l:oded frames of
transfornmati on ni t . #rpl oys an inverse wavelet transformation

schenme. [105] ! Cﬁ?%]c tenporal ly transfornming frames in the

constrai[ned] t enpas ﬁlusdrﬁ&ld?ln FIGe 6 uiche vhdolerr@dd dndithd di@odc¥iocad use the
scalability and co ntrolllng?S e end-t o-en

el a e .descri bed

in more detail®? al R Chtcﬁgpfﬂ'v&g g‘?rﬁl\féﬂf‘t?‘ﬁﬁ,m ?“scogef'
poss Id bl e fgr tshig. Thamesddrgzdaa‘dﬁstbpEtplg&aéﬁnpcﬁﬂaé\@blbhl tgygﬁi@dh@idb sthbeld
encoder -si de an ecoder e a t he en 0-£en can
Contreol 1 et RS SRR le e B bR SR IR Rotrdsih e me®
referenci ng alhighestidmporalievebisyirstznSHAR thé groddriside cbﬂ@&;]wrﬂh&telﬁporal
illustrates a b nce of..t he STAR al cripe
Lhe b ¢ concanifly RRE Rt S linRe RedR bt Phst hEhukOn a6 8,
tenmporal |evel2 anﬁ triape bsarhedied shadsrode;sidernidcddee thedfaeree nf:mﬁgxes Glaadi NGy
between frames. 5 J SR CIERIC A% W ifbfis o9 10RED, LETRRLAL wLou el

ted BieY HiTY SEO%Y ane

only necessarycfranes ar ePocd exanpl e
of a GOP i s ndeded ofindtive OhingHekithis emmlanedoemhde dan onipnsfrarﬂesemz] faary:l

embodi ment , %e{t s( jgt%feﬁ‘z{b%at & Paméh h %ﬁe temggrnpf%val(F@?y tlhlS e'?&‘gmt e

next tenporal feso UCCESSiV refl
and m ssi ng f rearedinwinths edctogiﬁd Eﬁ%@qdéﬂlﬁyﬁ rather thareah Ic {rewle loguicing @rm@hratlon

frames with al H&Pﬂ}{erlﬁa&%gss%%g tJ &le‘?nrf tﬂggﬁ(c‘odér side temporal scalability.

[110} To compare, conventional scalable video coding algorithms based on MCTF or
UMCTF can have the decoder-side temporal scalability but the encoder-side has
trouble in seauring the temporal scalability. Referring to FIGs. 1 and 2, an L frame or
an A frame at the temporal level 3 is required to perform the decoding process.
However, the L. frame or the A frame at the highest temporal level can be obtained
only after the encoding process completes, in case of MCTF and UMCTF algorithms,
but the decoding process can stop at any temporal level,

[111] The requrements to maintain the temporal scalability at both the encoder- and the
decoder-sides will be described hereinbelow.

[112] Tt 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



the size of the GOP is eight, the frame of index O is encoded as an |
frame at the MD 2005/055606 19 PCT/ KR2004/ 002371 hi ghest tenpora

| evel , and index 4 is enc ed as an inter-

frame) e nex tenporal | evel %ge of the orlmrnﬁfﬁgbééﬁ%fn

i ndex O. Then, frames of indexes 2 and 6 are encoded as inter-frames
by using original frames of indexes 0 and 4. Lastly, frames of

i ndexes 1, 3, §aRFfhnk z@%@erﬁﬁlﬁélqt@@l &fual iR lest BARBR BMpatal 186k1 ok Safle,
frames of indexes 0, 2 nd 6. Herein, the term'original frames'

mai nly refers heTamg atwlfeée’b‘b%tlptrater ighe frome ebindesd dhisds bergpse the prppding

al so be used tp@octe@sfceﬁmst@tofpraaaﬁsranebbﬁinae@s bm@&@&%ﬂ&et&@ ermJtted In
previ ously encoded. | n a decoding Erocess the frame of in

first decodedOTeR&erds; the framg b ingex £ gapke encpdedydies dsfraye ?%‘fl@f‘rxe‘h’ée to

the decoded fehedmed 9fevld&@1@XAQetR of tdTEre B PPant ek cah 'B@rété@éﬁ%%z ¢ frame
i ndexes 2 and 6 ar decoded b ference to the decoded franes of

i ndexes 0 and Fﬁk)lﬁg%ftned@ﬁglEQ% i ndexes 0, 2, 4 and 6 are
decoded [@s3j nter-franes by reference to the decoded franmes of

indexes 1, 3, 5 and 7. [109] As illustrated in FIG 6, both the
encoder - si de aRd={Fd)|(EdydE(k)iond (Te)=Tigle) ¥ amed (belg)} enpor al pr oceS(g)
fl ow, which can provide tenporal scalability in the encoder-

The encddé4] si dewban T'dhdipated a famye indapor al | evel , but the decoder-5| de

shoul d ode t frarre t te
si nce th@?ﬁr ame %teh q(u%tlon gﬁ%@ﬂ@% féﬁg‘ R ?‘i‘rf“?(g)t Peé?% E:(Tpoﬁjte
encoder - si de d@mriag gith refefches o dingddmahe tespatabbit¢ridgyprodesy (irevaangdes, which
an encodi ng pre t. when the frames of indexes 0, 4, 2 and 6
have been encodﬁggﬁ?%nggﬁalgaer si de decodes the frames of indexes O
and 4 bylli¢lef er eRpeentodingandidcodiagl plocemeisf thanfBAR slebrithsh witicbeGlelryibed
reference to the decoded frames of indexes 0 and 4. In this case,
t he decoder-side can output frames 0, 2, 4 and 6. It is preferable
t hat the[li?]arre ;i e asfiomor al | evel (F(0) in this exenplary
enbodi is e t an an L frane

g % @?ggl&nglﬁ e t?rtstﬂﬂl n{tehéfr aa(FGP a@grhf"ﬁantt@

requiri fames, SO0 as to maintain the
encoder [éi?ie ten@bﬁalﬂlfsfrah@tﬁtMcxtyemm@$0¢veTmakonmpepredmnvmmd awade inter-

Zgglogglr-es;/ijceie é&ﬁpﬁgﬂ?g Sgdga RJE]}IP?BSSH%%%% e encodgezi?mfg % cﬁ ?oub he

in securing tseamg @mmraélevgbéteefmnesw enReded i fhn deft-t- rﬁ‘gh&r.deli(naﬂnd oRjer aﬁ

L frane or 'ﬂteﬁo%&@@h%ﬁ)stﬂﬁnéﬁﬁﬁb&rf' level 3 is required to perform
wever

t he decodi ng process frame or the A franme at the
hi ghest [d&¥por al (3) Bersat epemtisa (Sbmail slkthe frsmiey argfenended tad ressdtad the next

process conpl @Sunti Bn&RSE 18f 2l Frafiadis\ WNbfetdl gori thnms,  but the
decodin rocess l?:I};tn IsltoB%at any trenpglrsal%;g;eevel [111] The

requi r ertéflls t o Pegoding @fipetal scalability at both the
encoder -r185)d t hey pecode thefzrstframe of a GOP.

[123] (2) Decode the frames at next temporal level using proper reference frames among

already decoded frames. At the same temporal level, the frames are decoded in the left-
to-right order (in the order of the lowest to highest frame indexes).

[124] (3) Repeat operation (2) until all the frames are decoded, and then decode the next
GOP until decoding (or all the frames is completed,

[125] 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.

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



decoder-sides will be described hereinbelow [112] It is assumed that
F(k) is a kth frame and T(k) is a tenporal |evel of F(k). Tenporal

scal abilit lished if a frane a certain tenp
encoded by%rd ‘ér@h@g WD 2005/ 055606 20%E>CT/ KR2004/ 00237‘%5fa‘[‘l‘i"w{&w1

frame at a tenporal level equal to or less than the tenporal |evel.
For exanple, the frame of index 4 cannot refer to the frame of index

2. This is be%@q&ﬁcém an@osiy (9 3, N7 €3S us] urﬁésedowéddﬁt{b% feRMeRwef
i ndexes 0 and 4 if such reference is permtte her words, the

frame of i ndeXrobleryin iﬁéﬂ%ﬁféb%i@woe\ﬁé*ﬁqtﬁt@wﬁbﬁ?@a‘ahty %&é‘?@ decpder-sidc oded

previously. A sfpor s@ﬁlaﬁﬁfﬁv@ﬂ%eﬁeﬁﬁﬁ'ﬁﬁth&"ﬁ'éq%@n&%@lb.S?(3 efqored, fy the
frame k F(k) is defined as in Equ

Re={ F( 1) j ( T( 1)5FPkF) 06 Fe“elz"ﬁli?"ﬂﬁ%)lefbce ahd % iﬁfﬁ'k)@ %3 P17 is permispsiblgga by eher
'1' indicates vardy, aﬁ\SEfrhlﬂéheét thd tddhpdral 1BvdEasREdrOiLi %}he e&mé&{elklagééfaﬁoraand

(1=k)) nmeans that fra perfornms tenporal tering with
reference to iSFEEIEL; nggl}?éieF%&déFemﬂoﬁlé?‘ilﬁ’&ﬂbF@d@é@sflplﬁt ra node),

whi ch  witby] be dﬁéﬁé\ie?e@hér@-ﬂl@ﬁ'ran{elél-fﬁ]théﬂéﬁlpSﬁ@Iédél%@qt@ﬂ@b &ngcttzn@) g71 3, 4,

EL?S@??S? Sf'o s'élggﬁg%ra@ﬁyah ggo'f)%;_g}g“ (t&wpﬁﬂéaﬁgﬁ{@gﬂ%ﬂ.tmgc{%c%aﬁ@c dripgral
GOP as an | fl’sadmallu{ylﬂl.&]lt ik 2ot p?aerabmeéaruma iférvAIe Kérwe@TRANE aré 8YRER,
make not i 2& pr edj and encode jnter- dthI on, resi dlﬁal iﬁém ng
possi bl d17&k eren 7 Wéteéalafl%?%swge BestiPBY ﬁ‘(“i‘je“ JRnes fppthe

tﬁrrporgl |6¥6|algofih1@1fraﬁes are ﬁncod](cad in thg left-to-ri ght 30r<|1qler (in
t he or t owest est frane. i ndexes epeat
oper at i 2%2) uﬁ‘#f’”&ﬁﬁo F ng es i @O ERYgeCt %ﬁb‘tlt fé%?:%cf%r temgoral
nextcI GOP unt ifilteﬁﬂg@ﬁﬂblgda‘saﬁbeall t he frarresdl S corr]PI et ed [121]f
Decodi n 0cess, 0 | et ir t a
oop. 1 14POS Y ARt it O bt PTG Ry ntany B A oesdie

refer ence fr amﬁs“faﬂmrsg?ARaﬂg@ahm tslbeatleitle fcrraxmag munstplet ﬂa&r@ﬁaﬁamemmd
| evel, the franes ,are n.the t- to-ri t or in th

order of the |CB?AE%1P%°6“ Célgtpofﬁl%lﬁﬁ"rinﬁ‘&é%?é 3‘“’"% ﬁﬂ“’s( 58%F ofGoP
operation (2) mmghtIareaslhbwhhﬁlefamsrmmgfxenﬁeﬁmﬂemd ramduﬁg1m1\(ﬂ@ﬂ1@(ﬂﬁniehe

next  GOP unt I(caﬂe qu 100835 ) amg 1nchcaQes tflat%rlmt%ame is prerz:rl?ctedt il an intra mode. All

original frames having previously encoded indexes including those at the H frame
position in the same temporal level can be used as reference frames whereas only L or
A frames among the original frames at the H frame position among the frames in the
same level can be referred in most conventional methods. This feature constitutes a
difference between the present invention and the conventional methods. For example,
in conventional methods, F(5) can refer F(3) and (F1) but F(5) cannot refer F(0), F(2)
and F(4).

[131] Although multiple reference frames increase memory needed for temporal filtering
and processing delay 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-



[125] As illustrated in FIG 6, the frame marked |I is intra-coded
(referring no other frames), and the franmes marked H are of a high

frequency he high frequency subband indicate fr IS
encoded WW@@Q@F%’ ce to one or nore 2§r anes. [126] Inéﬁt"g&(’g‘,“&%gre
the size of GOP is eight, the tenporal level of a frame is in the WO
2005/ 055606 21 PCT/ KR2004/ 002371 sequence of 0, 4, (2, 6), (1, 3, 5,

7) for illustr I little problem
in ternms of tﬁgkgﬁggg%%@§§&§m¥gﬁ%%?ﬂ?ﬁb@ngﬁnﬁf§ﬂb§ﬁd t he

decoder -didle  t eFor BAR glgaridig) ¢aniepcade drmah By @f¢r@nqe§o framehe’ atleag GEMse

of 1, 5, (3, Zlv)hlc}( @mefgrre(flt’o a@cross Ud‘fed/fﬂh%ﬁzan%ﬂ %m‘%ﬁsﬁlsuhﬁ)‘fﬁ leroi® @Nﬁﬂﬁﬁ

of 2, 6, (O, erm ssible. In other ‘words,

frames at the tt@ﬁﬁ&n&lﬁcaﬂé%@ &ME%E&W §E@R§P«}wg RleorEthEs e A oF H&ames

tenmporal  scalgabéd ik YoRREpbAR ﬁﬁ@r@@ El?[e'ﬁ?rhgg td I0RY ﬁ{d BGRARidn &%f f‘hrtﬁe
perm ssible. [127] However, ere frame is in the tenporal |evel

sequence of 0,Tame qiindeg)7 is fhe sug of aredlcwn erreyp of @ﬁﬁebs(étﬁid%?ﬁ & fand 6.

encoder - si de tf@dmeahftﬁ@ﬁhﬁebfmwx afaﬁerghﬁfﬁ%qg%eﬁb%ﬁeméb (the
scalability, but it is not preferable because the intervals betmeen

frames are undf offada® iFramputed with e curres Gialipythis 95181 B Predictin s eTs 67
between fr anesaelréu&éaeslg%manﬂ)alﬁmmrﬁm s;lhéézt%k ek %f {ndBe0 bmeln&t doP is

exanpl es of pagssi bl e connections between frames for tenporal

filtering wil InEAscofisddhs puhty olitheframe ebinden heandepguificroly improvedhe

frame F(klercan ref®en imkibieh HadRie cohfbdioRs BRREdYran®s i Wen-8MRicIENForal
algorithmto be suitable for u3|ng multiple reference franes. In this

exenpl ary enbdticHBRESCOFILS[oHNE™ %ﬁﬁ@@%ﬂ%ﬁgb%m%@ﬁthwm iRFFaHeN-t he

size of @A is gk gfétUl‘aCQ“FS:B@M@ azgamnﬁ{aeuralyadubpé}& roh Ahdic tdhasdeal and
returning back to the frane

{hat thef r amsoPEoRRaHPE PRt AT ERAHAI: ST AR BT e ot
havi ng previ ou}shsay@cne mﬁqﬁml ﬂé@ﬁﬁﬁ)sﬂtlﬁﬁ byl ehanging RRSLaphscikigrelih b Eiadpe
posiLTon | n e eerboal Lovel col Rt dted g5 Fel R Shce Lames
posi tion anonguppietify BB@sd 146 téigoralsREENpBMRhs. Cay ABiEirig iR df thelfost

The present. i MAGHUTG ALY 16 CRORGAT Po b NLEFOEREY HPEar Ssren i n
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accomplished in a limited manner by the conventional methods, but it is not easy to
control the end-to-end delay with the conventional methods. Conventionally, a method
of reducing the size of the GOP has been used to redice the delay, but which caused a
conspiaous degradation in performance. In using the STAR algorithm, the end-to-end
delay until the frame is restored to a video sequence after passing though encoding and
decoding processes again in video sequence, can be easily controlled by introduwing a
concept of the end-to-end delay control parameter (D).

[139] Referring to FIGs. 10 through 13 , the STAR algorithm will be considered where
delay is constrained.

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

[141]
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degradation in perfornance using t
end-t o- end are 1, 1/2 and 1/4. When the size of the GOP is two, the selectable frame rates are only

1 and 1/2. As described above, reduction of the GOP size has a disadvantage that the
efficiency of video coding is severely reduced. To the contrary, the decoder-side's
temporal scalability is not affected even when D is extremely limited to zero by use of
the STAR algorithm, i.e.,there is only damage to the encoder-side's scalability. That is,
when the GOP size is eight and D is zero, if the processing capability of the encoder-
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.

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



delay until the frame is restored to a video sequence after passing
t hough encodi ng and decodi ng processes again in video sequence can
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t hat the for operation on the decoder side are only needed. The total delay time is three frames
(100 ms at 30 Hz), and bi-directional prediction is applied to most frames and cross-
GOP optimization is applied to the last frame.
[150] FIG. 12 illustrates possible connections between frames in temporal filtering where
a delay time control parameter is three, according to an exemplary embodiment of the
present invention.
[151] If D is three, the frame of index 2 can refer the frame of index 4, and the frame of
index 6 can refer the first frame of the next GOP as illustrated in FIG. 12.
[152] The reason why D is three, not two, 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



efficiency of video coding is severely reduced. To the contrary, the
decoder-side's tenporal scalability is not affected even when Dis
extrenely zero by use of STAR al gorith i
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the enc ide and the delay for operation on the decoder side are
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GOP size =8
Value of D Total end-to-end delay
0 2 frames (67 ms at 30 Hz)
1 3 frames (100 ms at 30 Hz)
2 5 frames (167 ms at 30 Hz)
4 9 frames (300 ms at 30 Hz)
GOP size =16
Value of D Total end-to-end delay
0 2 frames (67 ms at 30 Hz)
1 3 frames (100 ms at 30 Hz)
2 5 frames (167 ms at 30 Hz)
4 9 frames (300 ms at 30 Hz)
8 17 frames (567 ms at 30 Hz)




(100 ns at 30 Hz), and bi-directional prediction is applied to nost
frames and cross- GOP optim zation is applied to the |last frame.
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according to an exenpl ary enbodi nent of the present invention. [151]
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(0 frane of tﬁ% *f'he frame of index 4, is possible.
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any applicati (hnreumdemhe codi ng syst em WI t hout si gni f| cant
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delay is no si ce
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Rel ati onshi p between'total end-to-en elay an e va
par aneter D i $0I-Lubsa ot gy@npmbrtsatmqgarpze 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),
Cb = E(k, 1) +)£(k, l) , and
Cy = E(k,*)+ 2{B(k,— 1) + B(k,1)} @)



[ 154] Table 1 GOP size = 8 Value of D Total end-to-end delay 0 2
frames (67 nms at 30 Hz) 1 3 franes (100 ns at 30 Hz) 2 5 frames

(167 ns at“ﬁﬂ%h%&ﬁﬂé 9 frames (300 ns ) 30 Hz) CII)Siﬁ@HE§£$?§%%§e

of D Tot al o-end delay 0 2 frames“(67 ns at 30 Hz)
(100 ns at 30 Hz) 2 5 frames (167 nms at 30 Hz) 4 9 franmes (300 ns
at 30 Hz) 8 17 franes (567 ns at 30 Hz) WD 2005/ 055606 26
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represented as in Equation (3. [156] T=m n(2, 2D+1) (3) 57]

where T repreé%%?@“ﬁfv%kﬁéaﬁﬁaﬂﬁb total end-to-end del ay, mhose uni t

i s one frare tiNR a TRANSERESHBALI cd[ﬁ%mhk $alaf@Hetidg 1RNRion and texture
degradation due to the total end-to-end delay will be described

later. [1581 Kingsehbits; Pingrsthe seabably H?WHOC!%%R%IFIH’W the figilhacrates igghould
and i ntra- macnebagkzed Wigde d:tQ@tHEQﬂ@t% oﬂtﬁé%e@ﬁeﬁh&@é bivd blt AResSHAR tyused

al gorithm supports nulti-node nporal predictions. i1-_lustra
in FIG 14, pr”éH}eéﬁfﬁwpﬁl??ﬂ%rr%wp&l%m&l%‘ﬁ Cﬁﬂﬂ@ﬂ(@i@r as gefinegan Fquation

prediction ngag Hedest d@nnﬁheﬁw&ﬂ ﬁa@bbiea@ﬂb@a&m{mm&% 68 Herdfined.
[ orted. The first_three

odes hAVESl ol GRG0 P S1 R PR B L BP SEEDH deo
cod!ng under Q@ﬂM@@ﬁlona| nmet hods, but the STAR al gorithm i nproves
O g e e R o T eSIES R 3 M ca, e
i nt er - macr obl gelneifaetisebioitefRd@ertpdral rEdundinch &vitiesEhbding franfs esmber
[161) Since STAR ol 980\ L L 0SBl it 25 Rl B e 2R AR e ez
supports a feature being 'adaptive to GOP size.' This adaptiveness to GOP size stops
temporal decomposition and encodes the frame as an L frame when the number of un-
connected pixels is larger than the predetermined threshold (typically 30% of total
pixels). This method may be applied to the STAR algorithm, but more flexibie
approaches borrowed from the concept of intra-macroblock modes used in standard
hybrid encoders are used in this exemplary embodiment. Generally, open-loop codecs
including the codec by means of STAR algorithm cannot use any information on
neighboring macroblocks because of prediction drift, whereas a hybrid codec can use
the multiple intra-macroblock prediction mode. Thus, DC prediction is employed in
this exemplary embodiment for intra-predication mode. In this mode, a macroblock is
intra-predicted by its DC values for Y, U and V components. If the cost for intra-
prediction mode is less than the best cost at the inter-prediction mode described above,
the intra-prediction mode can be selected. In this case, the difference between original
pixel and DC value and the difference between three DC values in lieu of motion
veclors are encoded. The cost for intra-prediction mode can be defined as in Equation
(5).
[167]

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

[168] where E(k, 0) is the SAD (the dilference beiween original luminance values and
DC values at the k" intra prediction) and B(k, 0) is total bits to encode the three DC
values.

[169] If C is Iess than the values computed by Equation (4), coding is implemented in



frames, forward, backward and bi-directional predictions can be
easily inplenented. Although a well- knovvn HVBSM al gorithm can be

used for tg 20&2&; (39, the present | ary enbodi nen{%w%g&gﬁl

limted to ock size notion est tion scheme.
be the ka' sum of absolute differences (SAD) with forward prediction
and B (k, -1) be total notion bits to quantize notion vectors of
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be assigned t SneRfgAtn e lnfﬁﬂrméﬁob/le@t pediclam pedaupednypnedeicaliRin vatirsethe
E(k, *) is therdh RABeWhddePhs M IReld MRahwRIEHiCEdsRIb1aRARVe 8y Bfrkmes
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(4). [162] C1 = E(k,-_1 B(k, 1) , and
Ch: = E(k, *) +Afme wopld k%ﬂ}w@&?ﬂv\a 2005/ 055606 27
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scal abl e vi deo 4ee@c;oder ermOt know the final bit-rates shoul

optim zed wit H4QHEHC# £h et 8 caterdprIse taé’é?“é@q%@ﬁé@’ SRAEn the Video
bit-rates mai ra_,&yo sthede vidgo.t he target applicati on By corrputl ng
as_defined in Equatjon

m ni mum ts ef o

opti m zé§9flnt er EW&T&}? é’&?féﬁ%ﬁomélr@aﬁnﬁ@c’%@é rwlﬁ@@mn@l@w
Next, determ ﬁ@dde@émlht}tall paEdi@roNpiE EIIHl DIScknddd @i thdr@iktiHad @sedl byl MBEEZBC and
descrlbed her unde S vi de uence scenes are
changed very f° codefss {aﬁ‘@ %&F ?Fgrl@‘a@%fxo'ﬁ?é‘s‘ ?‘%&‘E ARG rapetersers fgr
no tenporal r el@hjmjaﬂﬂme vdrtte enesdzh hmmyngpe‘ dlﬁf@&bﬁ&?pd@@lescﬁb&ﬁﬁbb@é formrd
overcone this s‘iﬂt‘ uat i,on epent W th

t
supports a fedf "éioﬂel?aﬁb“’argé’éﬁﬁjt“it\?@g? gﬁ'@fﬂf’m% przTrEAlmoﬂﬁn REGEV Y A s to

GOP si ze st Opspre(ﬁnﬂidiﬁﬂl’}&ise %e@amﬁmhmqmnawﬁd@m@m folvehidly eBregnt an L
frame when the nu un- connec

t th
o o SR HIG by (i e BEHDAR S ot ARG B ok ther 0

may be appli edTAR ﬂgmtﬁmaeﬁltg@midaimonb of mrmrpeedidt@b(anhhl&ra-@ﬁmmac hes

horrowed fr Omn%a%zeob(fc%ﬁgﬁ\ﬁgrcg\];er lp dnbe Ragwn lam?ghc framcqocayc%l in thcrf-l ?I‘E!.I%Q (1:ISar d
changed to an I frame and then encoded. This kind of flexibility is very useful in fast
changed video sequences and fade-in/fade-out frames.

[172] FIG. 15 illustrates possible connections between frames at four predications modes
in temporal filtering according to another exemplary embodiment of the present
invention.

[173] In FIG. 15, 'I+H' means that the frame comprises both intra-predicted macroblocks
and inter-predicied macroblocks, and 'T' means that the entire frame are encoded by
themselves without inter-prediction. Although the intra-prediction can be 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.

[174] 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-



hybri d encoders are used in this exenplary enbodi nent. Generally,
open-|oop codecs including the codec by means of STAR al gorithm

cannot use‘@[’% i rmatl on on nei ghborjing nmacrobl ocks

predi ction dri ?%’I& Wher eas a hybri d codéd can use the nﬁﬁﬁg‘?@d/&&”l

i ntra-macrobl ock prediction node. Thus, DC prediction is enployed in
this exenplary enbodinent for intra-predication node. In this node, a

macr obl ock is fpré(f'étfcﬁ aﬁH%%&lEzﬁQs faY rdid S ﬂ%&\%ﬁhﬁéﬁeﬁhcfn@ﬁ Y, Uand V
conmponent s, the cost for intra- prediction node is | ess than the

best coskl7ak t heReferanetpFlei 16 siase the famgebwdepbis vaposailar tp gt of index 0,

i ntra-predi ctimpd¥RGe oCPBorRBnER IRCHREWhel Hin %13,' rﬁaj&@@eﬁ% hga B hR%iRMGShe
bet ween original _pixel and DC val ue and t f érence between three

DC val ues in |9VeVhstmingkypHority et thed @W@%sz‘l’%sﬂﬁﬁd%@r‘o the in-

i ntra-predict 't&ﬂleﬁﬁﬂﬂie%ﬁi@ obqleq%fme@%dlnaéxes@aﬁauqﬁmg an(lé)a%] ctbbpdlcafe =
E(k, O + 2B(k,0), (39) 68] where E( e difference

bet ween ori gi fEme Qfﬁ’?q?ék)éeg‘%"él thegamgsef mﬁ%‘)‘bléldtfgféerélfmﬂ”féh@ frages sencoded |

prediction) amnhd ki vhih 10093, BupbnddidEB mcmﬁed@%m &etfﬂh%%f@ﬁex%aélht%s
[169] If Cis less than the val ues conputed Equati on odi

i s i npl ement edhs RGOS DiyEVElITEC b 47‘%263"71131%&%0 that of index 6.

i ntra- negrep! oCkreeLHits FIR 1MDslethe TR Belitd®e ghlerally sifiB&! ARORCKSCH BI
a frane are enc%(é |n the |nt a- macr obl ock @ﬁg_dl ction node us
only one set &ftu Wgde b etSh%e oFafeE IR YHY BEBR Hagey TS, élwrﬁﬂcwﬁawg

Meanwhi l e, it ggﬁergigsﬂheaigh@sgtrpymw many | frames in video sequences
if a use esire o.view.an arbitrar in the course of video
sequence@ ﬁr aut%‘rYﬁ’Eall Yvafflo%‘iotas‘%ﬁ‘[a’é‘dérfo “l"F“F‘Flesth%SEéR I PHR &%t of
an H frame w tplengdted| whéxaﬂi&hcy\@l])\ﬂ al:ganﬁnng@@ﬁpl&alt@tHeQanpc[ralmﬂenM@gfoeesgot
al | nmacrobl oc:%fln a franme are encaged in 1 ntra- E@( di cti on .nod

over T he o S e it RS e g of NEP-BP™T OB it eech Gudhmiit-mode
encoded in thEpaﬂimbf}afroxprtﬁedsu@b]oelﬂmmdﬁ;frohhﬁb)f4&)’“&3 Bars i asenBsgeforfandd

| frame. By doi n a reas and, . as result
¢ 1o enst or fomouieh Mg 2 e B AR e 4 incgfemspigan
edit the vi deembddetilquititzadeghl thdgresshARvaitar i t hm provi des sinple
nmet hods f i mpl.ene mul ti.-, node t ra rediction, i.t should
be note WASk ' of hoHe st R TR e EIRBIS P GhuE Eotsties Bh 4l so
be used. Al nmmcerly. dcdoacern iratht piceent ireeniion i ¢ fnrpamnmerﬁmelptanﬁ:ﬁrsswﬁ t¥er
first franme can be enc mong fo describ
above: forward ® predréts oﬁ)r S%%‘%%@ﬁ‘la%l?é 8 4Pt ‘%’Fglﬁ%édb]i&;ﬁﬁ @8% BWéinCOdCd at
predi cti on andfiivienichirmesspdudddtkstreams thereof are truncated to have bit-rates of 2048 kbps,
1024 kbps, 512 kbps, 256 kbps and 128 kbps for transmission and are then decoded.
[179] For performance measure, PSNR having a weighted value is used. The weighted
PSNR is defined as in Equation (6).
[180]

PSNR = (4PSNR,, +PSNR, + PSNR, )/6 ©6)

[181] For testing the STAR algorithm, all features described above are included, except
the multiple reference frames for simplicity's sake. Last, constant bit-rate allocation
based on the GOP level is used for the STAR algorithm whereas variable bit-rate
allocation is used for the MC-EZBC algorithm. The variable bit-rate 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



predi ction. Those who have ordinary know edge in the art to which the
present invention pertains can appreciate that'H frame' of the

figire desgy dﬁﬁ%ﬁ&gve in the STAR al %BI’I thmrefers to @Mggut{zg}é
VoF an

of inter-predi and intra-predicted ™ nmacrobl ocks. vVer
be known that the frame located in the Hframe is changed to an |
frame and then encoded. This kind of flexibility is very useful in

fast changed gfiidged ﬁﬁqqg RESSandNgs k@lgseAl ffb(n{eq% oRYls 7 férﬁE&i fot 1&2lbpk ! Eer

15 illustrates p055| bl e connections between franes at four

predi cations rbtREAR algorid, Gpty bidireetionpligedietionaas apst-GOXmptimdsation are
exenpl ary embgédraiHered GOPRIARE 86 Ynd c{g@ﬁ{&fﬁie@ thotibd 4&LirabP afeled P both

"I+H neans that the_frane COTTB/EI ses both intra- pred| cted macrobl ocks

and i nt er - pr e dRERAEE- Frdddginmotir &ICHR gleorithm eployinghirdiregionghprpdigtiqryig peed
are encoded by tchoaEshRmMddTohe Bmhﬁfa'i%ahﬁﬂﬁ %11@511 thélotH&@jgﬂ& atr@ﬁot

intra-prediction can be used |nthe start frame of
hi ghest tenpo rcgfmaee\m opmpgrRe rly fennem derogposiorpigicieney wmaa%lqefmg s

not as effici %)@ifoﬁﬁanﬂblscd"f oftfer m W @ Rhrkbd AHCTETRHeGRureS. TAE]
rates exanples of video codin

frames. [174] 6 and 1 I g .in
fast - changed V %@até@cﬂﬁ H’E’éa“é?lﬂfl éw&al@rﬁmw@ﬁ%&édc\%@@mm CIF
s$quenge ;Mth smﬂehedomo fi@on WHHEVIELEZBC wmt sche]!ch‘iﬁsc?ﬁeq%rﬂoﬂﬁa(‘jﬂc@??
of prediction ate o ra- prediction
bl ocks in a frl\ggrglg C%Woftﬁé“#qfﬁ%a‘a??fmsﬁ# (&1{9"@8@3 thiot! Afs@leorithm is almost
E i ndi bates the rate br fatuar o 0. 2005 095606 58 bar KDoA 00aags
indicates the rate o
predi ction an@cﬁoﬁ"?ﬂf‘éwggja?ﬁ;eq?%@%qw%@éw Z}Ifr’érai’@'fai“b‘?? “'[glt‘?‘gﬂ"‘q“es
Rﬁf er r:c ng g 0 foké&ad 1n1\ﬁC &H&,elﬂm@fvﬁﬂimbleﬁlmoaﬂl@xanhhwaﬁame-&ye Blobk h@t’ching
that of index O t he percent of E utes t ve
g or 1 ty, | 78RBS LA P ol P RRE 1P e EF R B
in the frane okudrreits hah@d@QUEZFBJ fouls be b?ﬁ:eteﬂ OTHeBT ARalgérithmethady e ]
degree of the f exes t i ght
the frame of {Pﬁgemﬁs)oMcg% é(élpttﬂg ‘&arffé’mo‘f’ﬁlaﬁﬁ Vlf?qngc t@"r‘g,'ﬂ‘gﬁf rom
ot her franes, a@onmdeﬂ stiperiok m:MQTa?rEls/pdshbD:@@%ncBﬂé tlﬁnmesé“ARBﬂgirmlﬁk&
are 94%|nthefrane af 6, .since h ex 4 is
i f1erent 1 rofieHaCIRsror (pddTE g Bty Ty ARG ctibanes el 56
Referring to Eérﬁj:orél?dec@hpostthm efﬂicaemeg seemto be generall y siml ar
anong V\'h['.}.ﬁ{} Bl t hl%%tcg 2l 1¥n§rst£' crfonnance %tthcq?w d{?%é ncﬁ%glg? \Xaf_aﬁ &‘.(pCil-?lCntS

franes ener al
[177] Sever al fei mibag cr,r@ns ehd ddsywn@smqmnﬂmtedammmﬁmmgsm&ﬁ the delay

the tempor al - PRTBeRTeR: 6 AR BB M BhRpb D el SRR 5P

wel | - known di éﬁmr&iof‘jé% msseaesphnding to GOP tizenofdato 16 However, to measure various
end-to-end delay conditions, bit-rates form 2048 kbps to 256 kbps are used but the
spatial scalability is not used. Intra-macroblock prediction mode is also not used so as
to compare only the difference between temporal decomposition structures.

[185] FIG. 20 shows PSNR drops compared with maximum delay setting of 567 ms for a

Foreman CIF sequence varying end-to-end delay conditions. As shown in FIG. 20,
PSNR values decrease 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 maxinmm difference in

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



partitions fromthe subbl ock sizes of from4 by 4 to 16 by 16 is
used. For perfornance conparison, MC-EZBC is used, and EZBC

al gorithm ed in inplenenting_an enbedded qu

t he presen?éﬁnviﬁ?#%n [178] The first 24 frames of Fo?@%ﬁéﬁ%wg&ngh
Mobil e CIF sequences are used as test materials. A concern in the
present invention is to inprove tenporal transm ssion. For this

reason, @ggest fprG snahdd Pﬁ@ﬁhﬁﬁb L:b&%arb@wﬁﬁ’?hem%&%ﬁgay Boi for Mobile

naterlals are encoded at sufficient t-rates, and bit-stre

thereof are trJRéequsace & Ry @1 HPINR drops obMCBARC latspsore SQ‘@M“‘R@&@ cagf
kbps, 256 kbps, RRGnbABIFBRRNEOSs atl&é’d}sd&é'ﬁie@ o ihd SAAR A1R5 i See drops
[179] For performance neasure, PSNR’having a wei ghted Vvalue is use 8
The wei ghted bPEXRDRE HeHmHEddgeiminERTda-epdyclays pgpgbopapro2.3 dB and
(4PSNR,,  +PSNRbL#RSNR%.9)dB £ théMC- EZﬁé]coEé?f Tﬁeqigngrob hﬁth%ﬂﬁ\'?o end delay of

algorithm all features described above are included, except
mul tiple referl@Raes i palyds/ dBpndsthainfMGEARC s apéo 6.0 4B Th?:@ﬁ’é‘fr@ﬁtdlffefence

bit-rate al |l oGaipsRR dr@ﬁ:ﬂﬁ‘élwé?:ﬂ tw@g@@%ﬂs%ﬁlmé éadl«taeeqciﬁ% Bhﬁ)o%@i@up to
al gorithm whereas variable bit-rate allocation is used for

MC- EZBC al gor it hé- Frnbermgre.dby 2T HR pleprthen swppgsbsabll smmnesa) scaéa%w 5egn with
per formance i fihd dhoktestABRAY k&l l\%qﬂhﬁé”'ﬁe SR @ Pk thBiupp d824n! b&ﬁ}evéﬁ

and 19 are graphs show ak signal to noise ratio) results
for a For enaﬁelﬁﬁ’qfa]ssééfé‘élﬁﬁ/ew@h%i iPIWé’an - Rifferenigen hepiveeniBINR vrdees @bdi ng
schenme. [ 183] dhsdribed® Talex.0f 30 Hz is used for 2048 kbps and 1024
kbps. A frame rate of 15 Hz WO 2005/ 055606 30 PCT/ KR2004/002371 of
is used #8f 512 kbps and 256 kbps. A frane rate of 7.5 Hz is used for
128 kbps. For the STAR algorithm both bi-directional prediction and
Cross-GOP optimzation are used, wherein GOP sizes of 16 and
quarter-pi xel notion accuracy are used for both encoders. In

addi tion, the MCTF al gorithm enploying bi-directional predictionis
used in the codec inplenmented for the STAR algorithmwhile all the
other parts are not changed for conparing only tenpora

deconposition efficiency without considering performances of other
parts. This is marked as MCTF in the figures. These figures show
that the performance of the STAR algorithmincreases by 1 dBin a
Foreman CIF sequence in conparison with MC-EZBC and MCTF schenes.
The performance of MCTF is alnost simlar to that of MC EZBC
However, the STAR algorithmis alnbst identical in performance to
MC-EZBC in a Mobil e sequence, but it shows a better perfornmance than
MCTF. It can be thought that the other inportant coding techniques
used in MC-EZBC, such as variable bit-allocation and vari abl e-size

bl ock mat chi ng




t echni que,
STAR al gorithm
STAR al gor

it

i s evidenced

make difference,

y

+ﬁg{l

[

and if both of themare applied to the
better results than MC- EZBC woul d be expect ed. The

ot or kRIS

out perforns
the STAR algorit
possi ble to conclude that the STAR algorithmis
MCTF and is conpatible to an MC-EZBC coder in an aspect of
deconposition efficiency

184]

Eor

F by up to
Pcﬁﬁlls super i

canparing the performance of

clearly superior to
t enpor al

t he

| ow del ay codi i
del ay settings
control paranet
end-t o-end del
to 16. However,
bit-rates form
scalability is
used so as to

deconposition g

<

QYRFit-Rfes/ BAafE

1g node,

sever al

eR@eﬁhﬁEnwsu3ﬂmh vari ous end-to- el

nd

rare—tondocted:
Dis changed fro

er

For

[ngﬂfé

C

atgorTthm
whi ch _correspond to

the

detay

te7 rh67

NHOGEY I

espwmdl

g3 00qn 9P

36?%%5

of 2

toneasure

2048 2Rbps t d

vdl T"OuUs

56 kb

not uged. I

DS

P Y
C1TU="1T(
e u

. P |
=Cliu Ut

[} CUOTT
ééGlsp

I l.I UIID,

at 39

tr
t he di

-nacl

ar ane

‘AR

oavwgde

|§g@g5(

D not

anl
\JUIIPQI C A\ AR

strict@%es. |

185] \FI

W th maxi num de
varyi ng end-tofe

5| a gtin
é%@fg

vy ~andr

| L CT[
83

R dPé

coﬂ%&}e(

of_56

an4§I§ S

eq%fﬂﬁ?

val ues decr easq

D

L

|gn|f|cant

Especially, t}
significantly |
4, the end-to-¢

he peBE rmange

Eg%n W

SI ot
2387

(Y%i Sl ze

> of

nnf
ond dellay is

OVEW&HS

LA e s e

D A8.23Tg

t 355 ¢

DNBESLY,

t Be0PNS

SR

drop is not se
end-t o-end del :

ere t he

>IAB

DFIhggl

dr Qp

t%ﬁ%d n

onl'y a

ol 5

5

t he

PSNR drop in t

y (67°708)

he az@kspt ab

N
tithe
|

e 430 d

| 4y, Sfrrod

e {nﬂ@

Tsﬁ4ms 0

nI#LQlB

dB.

The nmaxi mum di f
bet ween the t

ference in
al gorithns

reduct]

LS UDI¥

AU

T PSNR

vatues

2005/055606 31

PCT/ KR2004/ 002

371

[186] FIG 21 shomﬁ:ESNQ drops

conpar e

d with t

DCQNID

maxi mum del ay
of MC-EZBC are

SCLLTT

e dygne 1t

e C

i b

;eque

”bg’é

[l B 24
1 £ 1]

etfiny

T P oINR

Fo8¢8We:

ir ops
nce

as al ready desc¢

ri bedsgFor t

e STAR

maxi mum and th
about up to 6.4

B -1

9 dB iPhZt he N

abgg[lt

hms, féSN

R Qﬂ%@?

el

’)’_)nID

h the
and

o-end
BC

C-

end-t o-end del
to 6.9 dB. The

ay ofloa;hoo nE

fan e RVANEACN] A
MOAANT ||u||| ul T

UCIQ /S

codf Pt

atre QUU

The2 FP5N\R

dﬂg§3§u

th3028

i s onl

fferenc

al gorithns wtf

1t he2@hd- t o-

end de

agids it h

dr aonc

at 38Ho M-

aVal diV.VaVa¥al

t WO

B0 1 $

up

]

ay 3868100

0 13 s

DAVEER A Ry |

ug6t8

5. 36.963.

Furthernore, tl
even with the
supports only ¢

1e STAR al gor

I'thm supporgys,

:n/ sett]

nn \Ah|l{

t enpor al

SC

shortest del
sHortest—age

ne-|1 evel te

]

>ca5ébll

e the ¢
the—GC

i t35.84 t

ynventi-o
h A6COP

al abi T11
nal..et
si 2e7Df

hod

Di ff erences bet

ween SIi’?NR V&

u15§ﬁ2ar

P 2895CT

Ipﬁibj n

Tables

30.27

[188]

[189]

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.

[190]

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 (o cases with intra-macroblock prediction and withoul intra-

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



[ 187] WD 2005/ 055606 32 PCT/ KR2004/ 002371 Foreman CIF at 30 Hz
MC-EZBC Bit-rates/ Delay 67 ns 100 ns 167 ns 300 nms 567 ns 256

31.66 33.4 19 512 34.75 36.68 37.73 38.09 1
39. 77 40. 5%%?%%558%048 41.62 43.12 43.%24 43.72 STAR 2@@5%?"3%?%7.123
35.43 35.67 35.94 512 37.80 38,23 38.55 38.82 39.06 1024 40. 36

40.89 41.22 41.45 41.63 2048 43.02 43.57 43.86 44.04 44.14 MNbbile

CIF at 30 Hz Nestinglde adBhiiver@OPRSizé FRtudy, bbth rBRultd QBedBdaR flaEn RAQ IR H67
ms 256 22.21 23,39 24.64 26.08 512 24.08 25.99 28.33 30.28 1024

26.80 29.51 3£0p{Etion fieldipignedpnnd 9F aginglydedy 36 908 STAR 256 25. 61

25. 66 25.180] 26. 1As gowidin FiG 222 Shededfcdof (Rra2Sre@dticitis Gry3eediént. THLASNR
31.46 31.94 32 44 33.16 3g§ 8§ 2048 34 96 35, 63 36.23 36.89 37.27

[188] Conpar i SOACTHECURBYFT PEICIHIA MFTAR algoriiame i @ad winpyt igjga-prediction
descri bed wi t Heattiefagd 60&a 0tdB tokveend2C-HARO it bfel waRout Sdaptigé BOIP size

showi ng PSNR resul t en a part of a fast-changed scene from the
movie ' Matrix{ 't“ﬁeslsﬂeaﬁgﬁlaaothgw e #@lﬁsﬁ"rl@aﬂ%wfﬂiw%bla%ﬂ&lﬁ@b@k
encoded not byredi@®nQfutgefforrhOMC-PZBd inGihi (Radip@esSGOP 420 Tealidé bRs clear
experinent, onl%.one G_03§1&B16.fr%mss S ﬂseg. A selected frame . .

i ncludes ver yP3E2{0Y 88, londB Qe deg gy Hlgxiglgumacy -baggdjnira-prediction
fade-i n/ f ade- amdthodfThe STAR algorithmis applied to cases with

i ntra-macrobl ock prediction and V‘il}dﬂ%%]rtiali nzilr)gl-icability

[192] According to the present invention, it is possible to control end-to-end delay and
perform video coding causing degradation of performance not severe in short end-
to-end delay. In addition, fast changed video sequences can be efficiently compressed.
Further, delay control does not affect to temporal scalability of the video sequences.

[193] Although the preferred embodiments of the present invention have been disclosed
for illustrative purposes, those skilled in the art will appreciate that various modi-
fications, additions and substitutions are possible, without departing from the scope

and spirit of the invention as disclosed in the accompanying claims.



macr obl ock prediction, and the result of MC-EZBC is included for
conpari son. For WD 2005/ 055606 33 PCT/KR2004/002371 testing the
adaptive GOP size feature, both results when 'adapt--flag' in M:EZBC
configuration field is turned on and off are included. [191] As shown
in FIG 22, the effect of intra-predfttion is very excellent. The
PSNR difference is over 5B between the STAR algorithns wth and

W thout intra-prediction feature d. over 10 dB between MC-EZBC with
and Wi t hout adaptive GOP size featt#¥1S|n addition, the perfornance
of the STAR algorithmw th intra-macroblock prediction outperforns
MC-EZBC with the adaptive GOP size feature by a clear margin by over
1.5 dB mainly due to nore flexible macrobl ock-based intra-prediction

met hod. | ndustjrisal, [192 Accor d| n to the present
invention, it i & p’gé‘gf@h O%ﬁ?o'ln(%%%q r oF“%Hﬁe H@ewe&ﬁdp’“fﬁbﬁyfﬁr m

vi deo coqymsg@yepd@(? éj{g%[c?gqﬁg }n(e)t@] r'g)erfor mance not severe in short

end- to-end del ay tion, p(fﬁé‘ﬁged vi deo sequences can be

efficiently cogp del ay control does not affect to
tenporal Scal ablllg‘c”iet?ﬁﬁgrfﬂ Eg%ﬂggﬁasequences [ 193] Al though the

preferred enmbggj ecpresent invepntion have been discl osed
for illustrati veﬁgg%gé‘gﬁggka fos %Efﬁsi ey F?H“et ABC%E {T2HET I 4 fpsnsedt at e

that vari k ps_and ubstl tutions are
possi bl e J&A\/émﬁ}vﬁgﬁts *H%peg?%ailﬂ%? ‘?’g'qﬁ%" %8%’3"‘ HOE OerSnEOdsH of Hgong

i nventi Ofa@gs @h&ﬁlaﬁsig%e stfepe?np% T PVBIGY g‘ﬁ I M. g4 Caims 1. A

vi deo encodi ng to elimnate re rﬁ@f’vﬁé\gn a plurality of

frames of a VviG&Ras t r.i siing. . setting tenporal
|l evel s of the fraﬁeg%seggﬁc |Jr¥gh£§l}”reg fer?"eﬁnce'"gf g ?Fé?‘%ife fré%i%*‘t Wi

frame anppr@ekfHayres in a tenporal |evel which is higher than a
temporal level of a current frane to be encoded or anong franes.
“which "are i the  sane tenporal T1'ével "as 't he current frame; and
el imnating redundancy of the current frane using the reference

frames which I c irre n claim]l
wherein if t hzeargt@néggg%g ‘gglg%r‘%ﬁg% g%'r’shg een(:'?ﬁ-'ﬁ a?ﬁ%ﬁﬁe hﬁr@e prglrged whi ch

i t f f h
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sel ect edhaarﬁ"igtﬁQn@é\ wllngraﬁtlogg'ethgnein i 8 c?fthe &lMBnt frame is selected as the at

least one reference frame.

3. A video decoding method to restore a current frame whose redundancy
among a plurality of frames each having temporal level values is eliminated and then
encoded, the method comprising:

selecting as reference frames at least one frame among frames which are in a
temporal level which is higher than a temporal level of the current frame or among
frames which are in the same temporal level as the current frame; and

restoring the current frame from the reference frames which are selected.




3. A video decoding nmethod to restore a current frame whose
redundancy anong a plurality of franmes each having tenporal |evel
values is elimnated and then encoded, the nethod conpri sing:
selecting as reference frames at | east one frame anong franes which
are in a tenporal |evel which is hidher than a tenporal |evel of the
current frame or anong franes which are in the sane tenporal |evel
as the current franme; and restoring the current frame fromthe
reference frames which are selected. 35 4. The nethod as clained in

claims, Werel N hehif o8t faPly QRS bf BFahSirifL GCled Alapthd fe

frames which a enp evel "as the current frane, a
frame having an i ndex_which .i,s | ower tha n_i C ent
frame i ssﬁ%‘ﬂgeél@f@ﬂgé]%c freties pich %rgé'\fl\ﬁgﬁ%m? gcfn %ro ?L%gg‘;%rsgﬁd%‘?”b‘g?‘ %L{;ﬁ’geo
decodi ng _nethod to restore, an, original .j fr [

bi t St r oA e AV ThGHSE ShsP Slongy Tahaa iR R el SR el belecte 2

extracti % d(a;ta for t?the riginal inmage; generating a plurality of

franes bg“ i*hi78T SBY FrYtdfit 2 hg, inversely spati al -

-transform ng-andi nversel y-tenporal -filtering-the data;

.and. . -. oL selecting as reference franes at |east one frane

anong franmes which are at tepporal | eve L:ch igher thap a

t emporal | evel '0?‘ é'%f:%t‘jlc%"rﬁj?ngf 5%%% lrBsetgrrgealsnt g@%ﬁno'ﬁggmnga rla%s

which are.in thi?] sam&dte og.al_ | evel as the current frane; and

restori ng‘t?t‘f‘?émc F FERCYCPRRE® ¥ om t he reference frames which are

selected. 6. A decodin vice to res e r bl .whose
gﬁllg?uggst?tvargfan? eﬁra%ﬁggé(ia?%qﬁﬁ{he%ﬂ inal ifAEe;

redundancy anmpoRy*'88 | ranes aving tenpdral |evel

values is elimnated and then 0 . j G& coapL vtiaf
bi t stream i nt egﬁﬁe@f'ﬁgiaoﬂ'“m‘& Ogﬁ%@%gg&%‘gp %hggﬂrngﬁgg’eﬁgéeljs %g a[ts‘fﬂaat

| east one frame amgng franes Lch. ar, X enporal |evel which is
’ 'hi'_g"ﬁé‘"r‘"""t"ﬁfa'_f‘rsf%fmt’%@r?ﬁ%“ﬁe@@igf”po%\l\phgﬂr‘énﬁ'r{feéér#a r%’iﬁ"é""ﬁr‘"""a'ﬁij'h'g"'f'r'arfé's" T
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an i nver se-t enpOfaNe & & i restores the current

frame from the reference frames whic e 7 er
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selects a frage having an index whichis_i r ne gurrent frane
as the réf@raHaEes ‘f’ﬂ"éigrér,e '%%ﬁﬁm#}%pﬁ%@g a?ﬁ%tcﬁggggﬁé temporal |evel

as the current rgs{o%qg the current frame from the reference frames which are selected.

6. A decoding device to restore a current frame whose redundancy among a
plurality of frames each having temporal level values is eliminated and then encoded,
the device comprising:

a bitstream interpretation unit which selects as reference frames at least one
frame among frames which are in a temporal level which is higher than a temporal level

of a current frame or among frames which are in the same temporal level as the current

frame; and




8. A video encoding nethod to elimnate redundancy anmong a plurality
of frames of a video sequence, the nethod conprising: determning a
delay tinme level; selecting as reference frames at |east one frane
having.a_d.istance..fromthe... current frane to be coded which is
| oner than the delay time; and eliniﬂ%tlng redundancy of the current
frame using the reference franes which are selected.

an inverse-temporal transformation unit which restores the current frame from

the reference frames which are selected.

7. The decoder as claimed in claim 6, wherein the bitstream interpretation unit
selects a frame having an index which is lower than the current frame as the reference

frame, among the frames in the same temporal leve] as the current frame.

8. A video encoding method to eliminate redundancy among a plurality of
frames of a video sequence, the method comprising:

determining a delay time level;

selecting as reference frames at least one frame having.a. distance. from. the. .
current frame to be coded which is lower than the delay time; and

eliminating redundancy of the current frame using the reference frames which

are selected;




