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Choi and J. Woods in "Motion Compensated 3-D Sub-band Coding of Video," IEEE
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30 performed to prbvide the desired temporal scalability and remove the uhnecessary '
temporal redundancy. During each MCTF round, high and low sub-band coefficients -
are generated for each motion compensated pair using a rate distortion optimization
with the utilization of a Lagrangian multiplier (\), where A corresponds to a bit rate
range and a trade-off between the motion information énd residual data. The trade-off

35 between the quantity of transmitted motion information and residual data is an
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statistical redundancy. In this process, short symbols are used to represent values

25 which occurring more frequently, and long symbols for values occurring less so.
 Variable length coding and arithmetic coding are eXemplary coding types used in the

process.

Conventional scalable video coding systéms typically employ small Lagrangian
30 multipliers X in order to obtain the optimal system performance at the highest bit rate.’
However, the visual quality at lower bit rate streams in such systems is relatively
poor, as the truncated bits contain too much motion information without sufficient

residual data. An attempt to improve the coding efficiency at lower bit rates was



Vari abl e length coding and arithnetic coding are
exenpl ary codi ng types used in the process.

w@Ezweenirronal scal abl e vi deo codi ng systens typiTsG2095/000206
enpl oy small Lagrangian nmultipliers | in order to

obtain the optlnal system é}fornance at the hlghest.
dgscribed by H. (Hapey 8r Tsatrandy T LehipngginaMetjonginfqramatien Sralability for
MEUZET Renld ¢Sl RYSE Bk Sff & oth Qide? @BLing3SISOMEC

e truncated bits contain too nmuch notion in tion
Jﬁﬁﬂmw/\féﬁtf | MPEM200as9 7362 ulia 2003 AnordtetrenpThdrein, the motion
4 O\gl)grlgl %%Jgalc)%g d%&s@onﬁ vi(iegm[)-ﬁma& {mi;Lgns enhancement
5 Ia}M%t ' "H{é b3k ‘Mé%?ﬁ QpaRéd 8Pirotiby 1rff9ﬁnd‘l§8n%§§643@§&%“¥@x 16,

for dence of Scal abl e Vi deo Codi ng
WhS@'ﬂﬁef ¢nlila0q6m§msla2@/ onagists of WM@M@%S x 8ol %/x 429berein only

Tronhei m o 0
e PTG GBI 1 o108 MRy e o CarageEal B dow it rae
Hi‘ﬂs}b&&C ﬁfé&@ildﬁﬂ)ﬂ@ﬂﬁs obtbRied asie hitheit rafe, SRIAES L thofibn mismatch
noti on information form64 x 64 to 16 x 16, while the
oegisin d& then arep dy eelati vy issrosthe fthe dtf’thrmumrth¢ Gt B mfcsmatlon
rein he t or matl
10 opfiba et pdy 68 B0 sBPpEa HARBIAT i e Bl RREE e
dHesrencelin tﬂd"rﬁoticﬁﬁmﬂitaiand@wau r@umm signigdaatdidthr€iohl ghAs lal rtasult
rate, and thus a motion misnmatch occurs. If the area
cpding ffigiensy| )12 fesealh lowHas 1aws bib rate dwnpmissipes Mot the proposed
mati on obtained will not be too significant.
wever, if the area is highly textured, the
difference in the nmotion information will result in

| nlflC nt dIS rti.on result, coding eff.icjenc
15 Py Ghsae HorAa | B Brbosat desiidnen; €8: Bils Rl (g an
uﬁﬁl@ﬁféﬁﬁﬁoﬁc&e@&mniéwwh%m@' SRt a0aRAS ey HBCnot take into
p osed techni ques arée not optinal from an
idestiont thef differant provildars iwall hawe yerysfe qustomperi ¢pmpegitions and
t e t t
a%%&g%lfl%& D8{iob PO sold O RCHEE sl rlbeBERE' Tt 1
ilbseateshmgtamplaofthivg bit rate, frame rate and :
resol ution requirenents. Table 1 illustrates an
20 exanpl e of this— Table 1. Custoner Conposition of

Conpani es A |&@npany | QCIF CIF 4CIF
7.51/s 15 1/s 60 f/s

64 kbs 512 kbs 2Mb/s

S

A M 100K 10K
B 10K 100K 1.5M
Table 1.

Customer Composition of Companies A & B

25 Assume that Companies A and B having the illustrated customer compositions.
Clearly, the optimal operating conditions for Company A are QCIF, 7.5f/s, and
64Kb/s, whereas Company B operates at conditions 4CIF, 60 /s and a bit rate of
2Mb/s. In such an instanée, the conventional video coding sys;;ems which are
designed for optimal performance at the highest bit rate are not optimal for Company

30 A, as the majority of its customers utilize a lower bit rate service. -
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These and other features of the invention will be better understood when taken in light
of the following drawings and detailed description.
25
Brief Description of the Drawings
" Fig. 1 illustrates a scalable video coder with grid motion estimation and
compensation in accordance with one embodiment of the present invention.
Fig. 2 illustrates a functional representation of a grid motion estimation and
30 compensation process in accordance with one embodiment of the present invention.
Fig. 3 illustrates a process for removing coding redundancy between low and

high bit rate data in accordance with one embodiment of the present invention.
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filtering (MCTF) nodule 105, a grid ME/ MC nodul-e 110,
a scal able notion vector coding nodule 115, a discrete
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15 Resptawivientborend ving nthd G2ddosinfatpyakioe d 02 caridhad difidial lpsdppléed user
105.  The MCTE nodul e 105 forwards the video ) .
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MIEARC b e (cBmbEES iavidathbid movibASRcIR A8 RALR Nt $8%1RAd0 the
addi tional l'y supplied user paranmeters conprising an
METF modulesand|aisoding nhadpdd 115%rane rate and bit rate, the
grid ME/ MC nodul e conputes a scal abl e notion vector
113 which it supplied to the MCTF nodul e and a codi ng
20 Upod tbeeivind the2ddalbllie mdéteseyectorgtht MCTE ahadule 1 0phodices residual

.vector, the MCTF nodul e 105 produces residual )
images corresponding to the difference between images in the present and previous

frames. The residual images are output from the MCTF module 105 as luminance
information comprising Y plane high and low sub-band data, and chrominance
information comprising U and V plane data. The supplied Y, U and V data is
25 transformed using a discrete transformation module 120, which outputs corresponding
coefficients. In a particular embodiment of the invention, the discrete transformation
module 120 employs a two-dimensional discrete wavelet transformation. In an
alternative embodiment, a two-dimensional discrete cosine transformation is
employed. The coefficients are subsequently supplied to the frame layer shift module
30 125. The EZBC module codes the residual data in a bit plane manner and SNR fine
granularity scalability is achieved. The cdding module 115 codes the scalable motion
vector for packetization with the coded residual data. The packetization module 130
combines the coded scalable motion vectors and the residual data from module 130

for transmission over the communication medium, such as the internet, to the
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realized that many nodifications thereto are possible.
In an exenplary enbodi mrent of the present invention,
Fig. ZBhstrates s dundtionilrppresentation of adgrryMET/MQ preess infacedrdance

‘ exi sting fine granularity scalahility .(E codi n i .
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codi ng nmodul e 115, the DW nodul e 120, the trane | ayer .
Pt 12U it gefeeted rdiich erarespands ip dhg desirgd bitgte Fgge and résolution
183¢. k%ﬂ@ﬁiﬂaﬁ BoiﬂﬁdZ’HSean& %@q_@»rh?chcﬁé rl(l)c%pedoa‘f&urfﬂlsthg ptimal point can
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described bel'ow. Fig. 2 illustrates a functional
ap¢ g2 based appwthegoird's splattyenmpptanseocess i n accor dance
wi th one enbodi nent of the present invention. The grid
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Fig. 2 further illustrates encircled numerals 1-5 indicating a particular grid ME/MC

25 process. Starting from the optimal point 210, a basic ME/MC process is performed,
" which results in the generation of motion vectors and a residual image corresponding
thereto-. Moving to a lower bit rate at the same, higher or lower resolution levels
(numeral 4), the grid ME/MC process includes the truncation of bit rate data. Moving
from the optimal point 210 to a lower resolution at -the same bit rate (numeral 3), the

30 grid ME/MC process includes the truncation of resolution data. Moving toward a
higher resolution at the same bit rate (numeral 5), the resolution is refined by a
recursive ME/MC process. Moving toward a highef data rate at the same, higher or

lower bit rates (numeral 2), the bit rate is refined by a recursive ME/MC process.
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the resolution is refined by a recursive Me/MC
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In the present mventlon gnd /MC is achieved in one of five ways: (i) by means of

basic ME/MC in which a basic residual image and corresponding motion vector are
generated for each motion compensated pair; (ii) by means of a resolution refined
ME/MC in which a resolution refined residual image and corresponding motion
vectors are generated for each motion compensated pair; (iii) by means of a signal-to-
noise-ratio (SNR) refined ME/MC at lower resolution in which a SNR refined
residual image and the corresponding motion vectors are generated for each motion
compensated pair in the lower resolution; (iv) by means of a SNR refined ME/MC in
the most important resolution in which a SNR refined residual image and the
corresponding vectors are generated for each motion compensated pair in the most
important resolution; and (v) by means of both SNR, and resolution refined ME/MC

in which both SNR and resolution refined residual information and the corresponding
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I?iavee"ﬁﬂy : f@ﬁO@veﬁfg%w%E PP OREMPEIA ﬂevv?f%i B anJ the most
' o real . ondi : o

5 S B o L R e o DL PR LT 1 9B Btiplir

y ans. of. a.nesolution refined VE/ MC in which a
/?aeggﬁlsj??%%edraéf?lﬁoévcf'resi dual image and correspondi ng
notion vectors are generated for each notion

conpensat ed paiffy gbiﬁﬂ:Py nmeans of a signal -tonoi se-

{ TS

rati o ( SN), (e at | ower resolution {(2) which
a SNR refined reﬂsojné{@lall?tlnage and the correspondi ng
noti on vectors are generated for each notion
0 VoL e | tion (i Yoo ¢

AOTRIUREHAT R 1 080 CRIEE SN, L0 i Db e mos
@Egﬁ&utrhgvmﬁda Byhihe isér aebbdiRf tonBe chfsthe@mpdiRbR. RE motion
the correspondi'ng vectors are generated for each

10 coBipeavaticn BReR Sedre dhpaesohitiont HE) Wish theTpaeineret A, () at the 1*
resolution; and (v) by neans of both SNR, and
terapablievelpandes calked thEHAWS motishéatpensdtion ShNRed i demporal level.
resolution refined residual information and the
correspondi ngnoti on vectors are generated for each
notion conpensation pair. Basic Mtion Estimation at
Teaptovidenthe rperfotreamsie dfntha roptixmalplointy themtesidizaleimage tik egenerated

total nu of. t gral levels is L, and the nost

e g R SR AGREn ot the 10 {emporal |evel . An
15 opti nke kape @n?deéliﬂuﬂlﬁntaFé%' dr&erlePdtéd érlly udifig dt%,,'(l)?d as

follows: At the tenporal level 1 (1=12,3,..7, L), a

r esol gide@? /B0 ) THSmEHRSQBmAR0h Bd ensdRR &r@Pérformed with
resolution by the user according to the custoner

conposi tion. Th:go- ta'hgmic pensation starts fromthe
resolution f(l) f/'vl(y?h t hehghggfarret er lopt {l) at the 1
Thesp@eR art Ve kesidialinhges abhe@sted fisr 4B nfotivAt doBipensation pair in

conpensation at the 1th tenporal |evel. )
each resolution at the temporal level /(I = ;). They are used to generate the motion

20 information and the residual image that will be coded at each range.

To provide coding efficiency over the optimal bit rate range, motion information for
the bit rate ranges lower than the optimal range is truncated from that obtained by the

basic motion estimation. Similarly, in resolutions lower than ¢(/), the motion

25 information for the bit rate range corresponding to A (!) and those lower than it are

opt

scaled down and truncated from the basic motion information.

SNR Scalability of Motion Information and Residual Data
The grid ME/MC starts from the bit rate range corresponding to the parameter Amy,op:.



To provide the performance of the optiml point, the
residual image is generated according to the foll ow ng
wo mvooases:. Case 1: / < 10 . Residual inmages aP&r/SG2005/000206
generated only using Ilugh ( ) ; Case 2: / > 10 . The
rmtlon estlrratlon and conpensation are gerforrred Wi th

Inpparipylaryergbodimgnt of the prosent Inveptigne thg alapility; g motion
ihfROERIERPIRRRE s Rhicres 'ﬂsﬂg‘r(fg Ao AR %a;?eey £ )gHQIIY%EMC (i)

each resolution at ete
rafinenyeng dby aregasize ametiom ecqmqiensnuwnnf(or) meltargh infodméticen  among

. ida i.mage that will be de ach

GEEME st PeeL Al he Pme po 0P, gl oBRon dfGeation at
5 1barwﬁatdmhgéanaﬂm?fémha@ﬁyfraﬁodahﬁl 1*alwt arldaHigh 151@9@@&11 es. Each

| ower than the optimal range is truncated fromtha

ofifkese pengessys ismewiideserabedot i on estimation. Simlarly, in

resolutions lower than f {I) , the notion informtion

for the bit rate range corresponding to lopt (J) and

t hos ead AvgytivieNedtutaty &reGSd MoBien BeNa@dttadd Cotpdngstion” om
the basic notion information. SNR Scalability o

Isiallp heforg perframingnthe aid Raetion estimptiem ant eorgpengatigmy Mraccuracy
1o GASIR SRR [\ bl 153 Aud BB ARAIR NI NAAD Lot

thdé éii@nte rhmyec Nomially] ke :ﬁi&ﬁ}aeya af alotibh tm!foﬁﬁatffmt isdficreased when
tg%gor mati on and texture | s_ achi eved using ie adapti ve

ﬁrr%reys Fseagid: oF Wesemple, half vl copehe AROSEY af ke it raje while
dgﬁﬂé ent %Q 286LeRt et acd'Rief Bit 1O AR S lgnnf_ﬂg ?}_o\c/: size

rate ranges at the sane resol utli
lsrﬁ‘bnxfrithtCDSXﬁamswaﬂ of Laxdatto x4 mtthe BW264it rate ranges;
and (v) redundancy renoval in |ow and high bit rate
ranges. Each of these processes is now described. An
AdaptR efideesityaetufsdfe Motish Biberikakist AIORE h%m@ﬂﬂd Level
Compensation Initially before performng t

Ipsehy prosessesrd oo Aya rigneishsanetian wertoraebtaiaed, bﬁélge grid ME/MC
R 80 S RGO S BB T i
cﬁpﬁlﬁale lfy dth\/\}q]&in%gﬁﬁ{ aﬁyﬁrgf egRLIsivg Qndtﬂ)f olreﬁgéxﬁ%{ﬂ dls§omon cntenon

I NCrease 16 1S increase
20 ihadfinepifnahe ¢ah Ib&n@BDISﬂ]TPQES fodlowei t rate while quart er
pi xel can be chosen at nedium and high bit rate.

DY itpaal ldy,) 4 Bt Ao} B2 edt,y ~dy) = I0(Q(A.3) = Bls =i,y = dyo))
©

15

where IQ() and Q() are a quantization operation and the corresponding inverse
25 quantization operation, A(x, y) and B(x, y)are the predicted frame and the reference

frame, respectively. D, (dx,dy,dx,,dy,) is a generalized distortion criterion for

motion estimation and compensation. The maximum coding gain is nearly achieved
by minimizing the signal energy of the temporal H sub-band, since the energy of the
temporal L sub-band is relatively constant.

30
Further, R, (dx- dxo, dy - dyy) represents the number of bits to code the motion vector
(dx- dxq, dy - dyo). A further motion estimation (dx, dy) is performed at the first round
of ‘MCTF, if the following inequality is satisfied:



is from32x32 to 8x8 instead of 16x16 to 4x4 in the
H 264. Refinenment by Recursive Mtion Conpensation
wabmegoa7Tenporal Level In such processes, (dxeqCT/sSgmNs/000206

denotes a notion vector obtained by the grid ME/ MC
noti on vector p03|t|oned

i h I
\glpte’u ‘5’045(9 ‘}d}'bf“/ughg mvl@1 Z‘b@aﬁ)dl det)s Paldehd . dx,.dy,)  (4)

refinenment. A first recursive notion refinenent
i ti riterionis flnedforthe/othround of
d St '-'-":‘-, “:_\lh’_l: _" q t ate Ranges inthe sange

Resplution

'Fo%pée@'iﬁ Yhedﬁ‘lbtlod gﬁga%ﬁs W) the @ﬁrﬁe gé%olQmX af ¥ th)n)e ténrléo@il level

where 1'Q() d Q) are a quantization operati
5 (p lge dlong etbpolmnzngtal rdizecien quahig Z3t smwmo p»eroat); MlockAprtition’

W BPon Sy hBh oGBS Resne o pecsiisd by tag motion

esﬁrnatlcgﬁitQﬁﬂéxbﬁtﬂﬁt Fhitet (Whélpé}nﬁl'b ¢ hOhatdlin ﬁg&h@&h will depend
estimati on and conpensati on. e nmaxi mum Cco al

upgn gheAisers ehdices it ersgmnhemhmuzerrngax five thei fyrahbloeln pmgmomfmodel
b si,nce . t.he ener of the . .
A T T T T T N —
10 aRTsha(ed}(andjme nu@Yer ofdiGon BRIRSEHT & tﬁ@wm dl?fferéﬂ{ b rates.

o code the notion vector (dx- dxo, dy -
Grisee maypalpe Aixe thej inittal dill (mgtiony y)ectms toe rOﬂ)tmmﬂeid mathet metion

f I I
e lop! SO Ml ey oty Relgf WD %ﬂ‘i%ﬁ??oﬁse%dﬁlwtwn
ir{fdpationare shared. Ue Ged pﬁnaggr&eégé& afk perf¥mPd b Qg‘mFg % @Y and
0 ) (4) Shared Information Anong Different Byt ‘
ARgihefornhé kené Biital REl Mdifoh GRcibP 80 8ErR, hBSnIBhi 8 motion

estimations in the sane resolution at the same

15 wmmmbmﬁlmd}&)m be (ite gume AlddMfgeittnt Akl 2B8%WEr h B3P fix the
shown_bel ow), bl ock partition information

Fi
ﬁﬁ%dblt’%% PRIGHIPR JPRAFcinnePEEREPIgHOR r¥ilenigpainng rteg italsfullr mdtion
vEorithe iNRhdRe eshdggat i on at different bit rates. Wen
enpl oyed the shared information wll depend upon the
user's choice. For exanple, the user may fix the final -
bl ocky PAL i .  catih L pohe final block
partlllun o —COf HESPONTTHE Ot

20 In efichr reablucion afr@usﬂaﬁﬁﬂmamm at h@wnm‘q@t@ at tmlcht%ﬁ from those
information |s the sane at the different bit rates.

oh‘ﬁ@e@é‘émen}%\a\flca‘lﬂ%oq pstimatien; by esing ratefistomiern optivizetior with a
p&r&t’ﬁ@tep ,aw lfgcql-ésﬂo&cﬂr?g tg%at range.

In such a process, B(x, y) is the reference picture. Vectors (dx, dy) and (dx,, dy,) are

25 two motion vectors, where (dxo, dy) is obtained by using the parameter /’fop, (/) and

(dx, dy) is the truncated motion vector of (dxo, dyp). A truncation distortion criteria is
deﬁned as follows:

D, (v, dy, dx dyy) = | Blx—dx, y — dy) — Bx—di, y - dy,)| (%)

xy

30 The motion vector (dxo, dyp) is truncated into (dx, dy) if the following inequality is
satisfied.
Aow (DR, (dx,dy) + D, (dx, dy, dxy,dy,) < 4, (DR, (dx,,dy,) 6



estimation process. The initial full notion vector
tree and the corresponding notion information are

WG b@asedl77The tree pruni ng processes are perf orredsd3005/000206
using lopt (1) and Ihigh (1) Lromthe same initial
full notion vector tree. Fur% t he anpbunt of notion
informati on may not be the sane at different bit

Fort o La‘gralguzammuh@helsm@ oSk, ifta froXoi bectdd (@8], H))qs lﬁ'uncated into
o e resolutlon while repairing the

t,1.t
PR Gy Ok st B rtcsredsiploddrnrb natiar 1n ether wordnthe st
b8 Vthars BB hiPitelis UaBdek Qf] dle it%vi’elgﬁ{' ]ﬁg% it Rﬁnges

In each resol ution, m)tlon|n ornmati on a Wit rate
5 are truncated fron1those obtai ned in the basic nption

o e basic mt i on
S TR Rl P s B0 ectBmtas GTlo8%3 a7 ange. 1
HuEh 3 By gpe ‘%2" Tt U SO

Vectors (dx,
¥ i s obtained by using the
pg%a?r%%et? opt é )éaagéi)ﬁ?% dy) is the truncated
ADIRY, (debyn Dl e, By 0 D AL UROX O r
1o Criteriais de Fné?xa§ g%?lo A 99 %3)§wiggu§h3 (dh”d%
\B(x-dx,y -dy)-B(x-dx 0,y- dy 0) \ (5) The noti on
ect or (dxo dyo) is truncated into (dx, dy) if the
Gﬂﬁomﬁng inequality is satisfied. low (I)R nv (dx, dy)

(6) (% ng{ég} I‘fg(?’éi%}’ ’hv?’% L‘&s’ Vt\)(d pz(%"q’gy}:)éo)rmtu o9
vector (dxo dyo) IS trugcatted into gdx dﬁ] Wlth||n\ ,
15 1 s BP e e R B ol Srebiind o vamea O

widleathe Lehlmibeméntﬂkymoiaﬁnoﬁoﬂ ifednadion Rb&Bspohd t4 ﬁfﬁ bit rates and
redi ction d| stortion criteria is defined

aF“oE?r%%e‘P B8 8,8eig9f relatively,smpall Asgpthel gxigtingigohemes. 7;If a motion
vf%tﬁr %&St)l(ﬂgia&ﬁmsfhg‘:{hé rgﬁml\b—fﬂg\d@?rgéég%ts LH) ?’ﬁg%x%fm{%g%n it will

ajsg:be pruned in the conventional ones, while the reverse does not hold. The process

20 according to the conventlonal_ME/MC methods is optimal if the residual image to be

coded at low bit rate is the residual image generated by using 4, (/). However, it is

generated using the parameter Aopt

(/) instead of A, (/). This implies that the motion
‘information is msufﬁc1ent in the sense of the RDO at low bit rate. As a result, the
motion mismatch may be serious in the conventional system, and the coding

25 efficiency will be very low at low bit rates.

To ensure coding efficiency over the optimal bit rate range, (dx, dy) preferably
satisfies the condition;
| iap, (I)ZRM (dx—dxy,dy—dy,)<6, (10)
dr.dy
30 ‘ ‘ :
where 6, is an threshold chosen by the user as to the number of bits for coding the

redundancy caused by scalable motion vector coding.



[Tow (I)Rmw (dx,dy ) Dp (dx,dy) <llow (I)Rn (dx ,dy

)+Dp (dx ,dy0) (9) It can be observed that the notion
woembnos7at | ow bit rate are obtai ned by usi ngpESG£083/000206
whi | e t he enhancenent Iayeri_of notion information
correspond to _hi it rates?and ar enerated using a
Igéf‘c}b‘f]{)’lné'iaﬁ?q’ thei S%ﬂ@ﬁlésmovlés E C?IP?B‘“QE' g’t ing schemss. | f
a notion \4{;0% ﬁ&lj}s truncated using the grid
processes {t € present |nvent|on |t Wil | s

rupe n,the. convent i nes
RS s aricn R st i BESrentd e B S
convent,upn@{x NELNS (e AES ab S ORRI r@&lo ‘y)f ythe regigyal
i mage to be coded ‘at 'ow bit’rate” fhé resi dua
i mage generated by using llow (1) . Fbmever it is
19 @sﬂ&f Bé @6ted thaA%orll erePROAGE iorth&RIn_ {0l Be bdlﬁ:ﬁi(ié‘QwﬁEhed but the
lhw(1) . This inplies that the notion information i §
residudl imeageatatbeicndediis notestgagesk inthetrdation. | ow bit rate.
As a result, the notion m smatch may be serious in the
coventJo I g. efficiency will be

vers ng Redpnda eddi ng ef ficiency

10 "Hiéefecﬁﬁ&'ar@ pédd@@'mf%hhaﬁ@ﬁ ?s S?é}gn%blg( ?éfmoxﬁ&i) top[\-ﬁéx‘é{lé%y coding

5

satisfies the condition:
efficieycywlag.s3 dkusﬂraieaﬂuﬂmomhm which mmdualb}magw nu'éme Iasﬂutlons

to the nunber of bjits for d| ng the,.redundancy
Ay e P AL ARSI LD o Ol gﬂp,, W renresen ﬁ‘f E21

ller b e B 1eShBves ERTREdngy helfit foQdet Bhpna 7 1

IQgQ((EZPf) 4ddl FSZ( (BN hay ¢ BRAVpreférably yerid¥ed. The residual
dx o, % (dxo, dyo) (12) It is to be
13 itnggiad Ko 525 od F12 Fis thoeacing 2t G bibakare (s empLway s

swi tched, but the residual inmage to be coded is not
changed i he.tr ' Renovi ng Redundancy be en
Low and Hi é% g‘f@“i@f@@ﬁg)redundant coded i nform ﬂén

is prefer @bty&ﬁgm@@@(asm)i)npr ove the coding (14)
efﬂmenc& . 3 illustrates this process in which
resi dual ﬁ% §3 A Q&R Y esol ut i ons (15)

20
Temporal Scalability of Motion Information and Residual Data

In an exemplary embodiment of the present invention, temporal scalability of motion
information and residual data is achieved by binding the motion information with the
temporal high sub-band residual data coefficients at the same level and dropping them

25 together if it is necessary.

Two temporal low subbands and high subbands are generated corresponding to two

constants at temporal level /(I >1,). The remaining MCTFs at those levels are

. performed using the corresponding low subbands.
30
In an exemplary embodiment of the present invention, L, ,(x,y) and L, (x,y) are the
predicted low subbands obtained by the refinement and the original optimal scheme,

respectively, L, ,(x,y) and L, ,(x,y) are the reference low subbands obtained by the



after the notion conpensation with lopt {l) and | htgh
{l) are represented as ElI, 21, E31, F 1, F 2 and F 3,
wo empoct77vel y. The redundancy between | Q Q ( E1aQd/s@rds/b600206
1, 1QQQ(E21)) and F 1, 1QQ(E31)) and F 3 is
preferablaq renoved. The resi‘dual imges El 2, E22 and

Efpemestt ap the osiginagoptimalisghenng, respegtivelyr e t hus conput ed
by: B 2i - IQQ(Ei)) (13) ETl =F | - 1QQ(E2 1))
(14) EIl =FI - 1QQQ(E31)) (15) Tenporal Scalability

THe Motio0vorhpdRatitai starts asidg Res(yludl | (Rahaand Ian(x, y) . We should
exenpl ary enbodi nent of the present invention,
fubypakealdvansgealfithe imptioh vembisqMV9)faad bhick @arthiod modes obtained
residual data is achieved by binding the notion
5 ysHizortgH{) Stheniwanperium: BYWHOR LPIRERatien BSIBa N+ (Bsi Byibd, ) and
- data coefficients at the same | evel and dropping them
EodspherThef coded iMVaeafes dinok. inTthe nprevipes ddyer cen dabisedhd@s one
and hi gh subbands are generated corresponding to two
candidatgred predicted Npoead thediledk partition mpdes gieingd frampfthe grevious
Fs.at. th I s .ale for . usi ng t
1sF Bt T8 o Bt GRS P ARSI R hE sp e plock

Sifnilaflg, theeseld feBMEIvE infdtionLrefiXénient)diqodioh Qritéria ¢ah BY €efined
the predicted | ow subbands obtai ned by the refinenment
10 fgnenathes repndpf METBasifpowScheme, respectively, Lr

B e BB P S IGRAE LSS Sheline. - o)

scheme, refpectively. The notion conpensation starts 16
using lopt (I) , Lo (x,y) and Lo 2(x,y) . W should (16)

Bl B D e B el i vty 0% i oy o)

perform noti on“conpensation using lhigh (1) , Lr (x, 17)
y) and Lr 2(x,y) . The coded Mvs of a block in the

15 Arfenlied usotiohyetinaéon [féx, ubP s pafaned aarid Al treum of MCTF, if the
fp{ledj cted MW and _tge bl ock partition nodes obtained
pHowingpreqyplityistptisfiedier can be regarded as the initial

3 mi | Derte i o A (Ul (R P Sy (1)
distortion criteria can be defined for another round

”H‘Ie ag:ovlé’ pr%ges]; Clllsl OfRa refinement by recursive motion compensation. The

20 switching point is computed by:
max{R(1)} (19)

Such that for all motion compensation in the current group of files (GOF), resulting in
. [)cl (dx,dy,dxy,dy,) + AR, (dx — dx,,dy —dy,) < D-gl(desdyO) (20)

25 where R(4)is the bit rate range corresponding to the parameter A.

Notice that both the motion information and the residual image to be coded are

‘switched when the recursive motion refinement approach is used.

30 In the resolution lower than ¢(/), only one motion compensation with the parameter

Auign () 1s performed. In the resolution ¢(/), the other motion compensation with the



(16) A/ (dx, dy,dxo>o0) =1 (*>y) L r,2(x ~ dxo,y-
dy0) - 1QQL 1(x, y) - L 2(x-dx o,y- dy0))) | (17) A
wa poosler77not i on estimation (dx, dy) is perfor nEd/aG2005e00206
h round of MCTF, if the follﬁpﬁn? !nﬁqgﬁlbhz ké ;
.sfied: dy, dxQ,.d + . R (dx -dx ]
BB, 0o 1 SR RGY TSR 1 Tosee the PRl 8 erasoluton
fi t recursiye notio onpensati on. )
oSt B S5t St TR S0 e i
Bl e B AT 8 st B s
A 0] + dx- dx dy:..dy 0) <Dcl (dxQ,dy_0O
Eg5H e o T PrraSiapfinenbie S genicor o Shohdbigimest, the
a2 nbiha} nRRRbY e b for the remaining
ofingaresesstdbe eaeespansingshiveatemsogen ref i nement appr oach
is used. In the resolution lower than f(I) , only one

notion conpensation with the paraneter lhigh (1) is
SpatiflGeardility 6f Motoh BFomHHoARAnd Redidlual Ddtg Ot her notion
onpensati on with theparameter T] !tgrlag is further
]g’@rtf’@?ﬁ’@b filtgring starfe frome and iy epttmizedramthe mnsttlmporttar_lt (optimal)
ti ' r ) ... one .notion conpensation
10 EEA oL 1 RhAE s B PR TR O RSB R con b
pegofmeddol tie geohitiahehipghe ahi el mdBt ifPortdik WHFRTHR motion
.anhd the op i mal residual images for the corresponding
BfmaniRoh tap gust HTRPTIARE Ane Y PEAEA o Eenere htGY bt lgtion
i [ j [ Eonyare generate
e g s rSuSe Pl i B e B B0 e

r¢sotutiontandrthadegh Spest el mSged étl:tbldﬂeyreﬁiﬂuﬂhiﬂa@&l For the sake of
filtering

ormat i on and, Resi dual a. The tenpor al € i
15 SR AR e Bl oo N AN Gn(The spatial
ST APRI ) Gt RR A firin@on M%Qﬁ?éjﬁr%hfwgd b d2eie TRSe Qs of (i)
esti mati on and conpensation can be
motion information and residual images in the middle resolution; (ii) motion

information and residual images in the high resolution; and (jii) motion information
truncation in resolutions lower than the optimal resolution. Each of these processes is
20 further described below.

Motion Information and Residual Images in the Middle Resolution

Suppose that the reference frames are B(x,y) and B(x,y) in the middle and the

highest resolutions. B (x,y) can be S, (B(x,)), where the parameter S » () denotes a

25 down-sampling operation, as described by W. Han in "Response of Call for Proposal
for Scalable Video Coding," ISO/IEC JTC1/SC 29 WG 11 MPEG2004/M10569/S7,

Miinchen, Germany, March 2004. E(x, ¥) and B(x,y) can also be independent. The
motion information and the residual images are generated using motion estimation
and compensation between E(x, ¥), Sp(A(x,y))and the following distortion

30 criterion;



performed for the resolution higher than the nost
i nportant one. The notion information of the nost
WO pendEamt one is truncated to generate that oPCT/B€2005/000206

resol ution | ower than the i mportant one. The
resul tant resi dual Egs corresponding to the
resol ut i onZapd ﬁé)ﬁﬁ SHOEY, 3} e Bfer-gad + di)d one (1)

residual imge. For the sake of sinplicity, we assune

t hat NBEsEI@EEhatieh ahd Ke&@%&ﬁ fm g%igltﬁ'é 'f-_] %’iﬁlﬁ%nﬂlﬁfoél ) =2.

The spatial Scal abi y

Kasxfastrandi effigicht GSMBthtlt)h rand g:logmlglemphedﬁg‘&asre@(ﬂuﬁdﬂ daglvantage is

%@o&}}‘é Wr rg{laﬁi ;)ﬁ)ﬁ%&)%ﬁ{ogf{‘lfl < gcgrges I E%t egrygdle re(seolutlon
5 AlnvgesarepréfBRbl bt caRah BtHy%nfvact%{:‘ gl 'ah({l ).heH%ﬂvg Q% candidates of

i nformation truncation in fesol utions ower
repicte MY agé |tlm bloek p&ttion ofodeh elstampd dmsaxeq;re\aoﬁmyam be

e 9 t nf or dual, )
PR e LR lfR Bt S orcthe sodecw mablophdn the highest
resolhwdtioance franes are B{x,y) and B(x y) in the nmddle

and the highest resolutions. B(x,y) can be SD(B(x,y)),
where the paraneter SDO denotes a dovvn sanpl i ng

10 n Han in Res onse, of . Cal |
1?1 &%rlggo?a ﬁSﬁ S£d (f?%f éxw‘\i?éom%f’ & qdg@sing motion
estiihtioRCaRD owapansaum%%&eﬂ/ 6&/ b G Pol 1oAY orti
I\/ﬁarch 2004. B(x,y) and B(x, Elg(q)gan(a )so be mdgpen%rgnto o
EORotion i nformation and the residual images are

~generated using notion estimation and conpensati on

B s T oo &é@(ﬁ%xfﬂg B by LB % Bx—ds,y—ay|

15 SD(A) (X, y)- -B( x- dx, y- dy) (21) Motion Information and
Resi dual Image in the Hi gh Resol ution For fast and (22)

efficient estimation and coding in the highest

whegolsut 'dgﬂotesa%aﬂ]ig @gﬁ%hﬁc'%:t ggre ?rgf ?% eFﬁI\x%afl at?d \Bl ?—fan in the

parti tion nodes alrea

afoe&ﬂédﬁbhmefe?édcews are preferably first scal ed up by
a factor of 2 and then serve as candi dates of

predi cted MW and the block partition nodes obtai ned
0 be red ar ded the initial
20 Tlé% ac%ﬂﬁg@%%ﬁa? agt%ﬁgk](?@ ?)dPrElﬁ‘érec”o‘ I"B‘E‘B’f@&glﬁl ock in the

hi ghest resolutlon

TQ(Q(E3D) = S, (IQ(Q(E21)) + B - S, (B)) + IQ(Q(E31~ 5, (S, (E31)))  (23)

as described by W. Han in the aforementioned reference. The corresponding residual
25 image and motion information are generated for the remaining cbding process in the

corresponding resolution.



The notion informati on and the residual inmages are
generated using notion estimati on and conpensati on

whedosen7B( X, y), A(X,y) and the foll ow ng di stect/s62005/000206
criterion: DSDSuP(dx,dy) A(Xgy) - Su

ggg/f\)[ tioh tdorBidty ombarftiin thetthnd Rbldiadliy ¥ - d¥)) \ " Y

16l @R IowRECreilulf¥n, HAMVIVA fop enhehi@ Ezﬁéf?ﬁigb%%@s oﬁﬁﬁ qa CE. (I) are

The coded residual image |QQE31)) 1in Flgure is™
s€QaPdbed zih&l trdrichtell Eéorh Jthose 1§0thé |Iﬁﬁ@1€54esolﬁﬂon* Bait MOX By first
+I$ QE? - SO@%@%%ES 1)))). (23) as described by W
segled down hﬁéaéﬁc&r ep pREIreFRIREoMR . Tméinébblpélgp@ﬁaomgmde
ﬁx%' ?%%tmnﬂ%gﬁ S&UQS ngfxé R-Etu{l rﬁﬁl? {n%&l ggﬁ&r feedf W r?e geﬁolutlon
e re

MMgTCoding process In The cor'r eSpondi
1@2%%“‘ oGl 1R RS P P8 or BB el ) hgenerate

ﬂa&o%al %h%ck{ aﬁtﬁtﬁogf %radc? ngdWiﬁPﬂ%gtgt n%]otltoﬁ én%r%aﬁ?oéleaﬂc’dc ﬁle %%al block

paeiEoh Widdenn okt 1oMMEsslhors dafibe BalmRd. down by a factor
of 2 after one resolution down. The final bl ock

partiti-on node in the resolution f(l) serves as the

10 fhg'\}ec{% gtgc fl{qn%{d P#Pie yt° g{e Moeﬁlo'tlgn %&o&e%her%%égxoyﬁd)%y are

€€ pruning proce
obﬁiﬂeﬁrmﬁbm@ﬂfeg)ahheMEﬂﬂC fnl Pigt ® agér(ex aly® id the tfuxfaﬂthon one of
| ock_partjtion npde, mlarly, .the nmoti

 Glolref RS RerdRmcating ¢$tﬁ51onw&wn¢%¢@ﬁqeﬂéﬁ?%a@' in

l?v@"’év%v"va”?)faf Lo ey e A R todh adtr & Ak 09

(2dxo, 2dyo) aré obt ai ned by usi ng the baS| c MEEMC in

Thi Gnotibnavt@tor Qatxo, @) i Suhéded ntd) @B dpnifane fodfowitlX Bequality is
d{s%,)e' Anot her truncation distortion criterion i s
15 safisfieded as fol lows: Dn (dx, dy, dx0,dy 0) = SD(B (x

The. motirshRelbh ) T Be b i) Z(Q?%m%%o )l @9)

dy) if the followng inequality is
Similarly, to ensure coding efficiency of the optimal bit rate range, (dx, dy) preferably

satisfies the following inéquality:

20 A, (DY R, (dx, — dx,dy, —dy) < 6, 26)

dx.dy

where 6, is another bit number threshold selected by the user.

In a further embodiment of the invention, a bit is used to provide the user flexibility in
25 deciding whether vto switch on the existing video coding standards or not. For

example, if the bit is set to 1, the existing vidéo coding standards are switched on, the

whole bitstream is either composed of two sub-bitstreams, one is compatible to the

existing video coding standards, and the other is based on the MCTF, or composed of

one bitstream which is compatible to the existing video coding standards. Otherwise,
30 the whole bitstream is totally based on the MCTF.



satisfied: lopt (I)R nv (dx,dy) +Drl (dx,dy,dx 0,dy O

) < Xopl ()R nv (dx O ,dy ) (25) Simlarly, to ensure
waeoasngi7ef fi ci ency of the optimal bit rate ranper/s¢uws/000206

dy) preferably satisfies th§7follomnng i nequal ity:

- d d 6). dx. dy
%&E Gadily apgrealﬁtfﬁih@f those s ﬁ@ﬁ‘gésl they Fésﬂ%?l %Fsé%lr rr@aessfgﬁ may be
ifpfenttt®dd thN Hrdwirk NSO AKARO diEBRHaredf or NE. é&ﬂtﬁﬁ&tio%n'ofﬂ these
bit is used to provide the user flexibility
iggpinetintagions es hppropriate wFugherosemeer alkpEthe nﬂgsqnbdé cprocesses may

COdI st.andards_or, not .. For
PemEhaF A" EdpBiteh SarabiBLnSiRy tadentrsifinl et Scomputer
5 rSéIhlabIéh efbdin (r&RoVIDY |idki twlldte@rdri Sovbiatle SRIRPHEEmBEdded
two sub-bitstreans, one is conpatible to the existing
DFPEWTS - h ghe inghaetionscods waerahle totnregramsa persputenef ether such
C ich is conpatible
ol RIRATS ol o SIS BB, " R i B, ¢ he
whol e bltstrean1|s total ly based on the MCTF. As
readi |y appreciated by those skilled in the art, the
Shed processes may be i npl enented in hardware,

10 "Isrf%f Fé’f@{:a?’a %)hfzem’(‘ﬁr & Ye aes%ﬁﬂgﬁ g%c"g % 4 T&ﬁ Qelay case, is now
i mp eENt AF16Ns  as appropri R =i her, "sone or “&F |
defcribled. d@sitilished bitswesms Sos 1mydé:133y icays ﬁT’gBﬁ@ﬁte@.SOptlmally by
conput er reada uction code resident on a
SEAI Gearanaatl otam Bt G aaisn o ReRS o Bediptiono Next
thO Bestfel ¥iddosefBIREY for IPREHRE L aBE RCENIRNS, irfbfe ltmbécﬂﬁxent by

I nstruction code operable to programa conputer
- Wdinjahe MCTF Witk gpaaBdranelevicqnLo carry out the
i nt ended functlons Exanpl es” The gener al application
15 of the described processes to a | ow delay case i s now
descrl bed. Initially, a bitstream for |ow_del aX%case :

Fog examBleatheqiogpt iffﬁﬁ!el pteply IUlepd dhe framgritg 6l (e user
w@ﬂf Bhtidige BPirh@h FRP tsiz%mleéoe U obh @ witheSHZ e 1ow

desired"vi deo sequences for |ow delay case Is
dgbyemasuell  aniinstamce, thelandodes igendygtes gidesirddhpictui@T forwhe boding of

1&8%&5‘%’ as BN EWe: tt\(% roul?Js cgf%zzmporal wavelet transformation are performed

20 on four successive original pictures to generate a video sequence with 4CIF size and
7.5 HZ. Next, two rounds of two-dimensional spatial wavelet transformations are
performed to generate a desired video sequence. Subsequently the video sequence is

.coded using, e.g., an H.264 encoder.

25 Next, the enhancement layer bitstream is generated. Thereafter, all necessary MCTFs
on the original pictures with 4CIF size and the predefined parameters in each GOF are
performed to generate low and high sub-bands. The reconstructed pictures in the
H.264 coding process are used to perform the fﬁrther rounds of MCTF to generate the
corresponding low and high sub-bands. The redundancy among them will be removed

30 by using the pl;ocesses as described above. Subsequently, the remaining information

- is coded by using the existing methods for the MCTF.

An exemplary embodiment of designing a motion compensation scheme is as follows.

Initially, the size of a GOF is chosen as 32 for the low delay bitstream, the original



For exanple, the input frane rate is 30HZ and the

franme size is 4CIF. The user wi shes to optim ze
woepesabizon for a QCIF size video sequence w t he@r/562005/000206

for low delay. In such an ifpgtance, the encoder

RS o7 B B A0 kS S 19l e e o

delagiis B 0Hnpt SHmnamt @ Sper faspevtidelgnTho tolersted aletayi 19 €/15s. Suppose

original pictures to gepnerate a video sequence W Ih..
thasthe Eeheated, fimes angr ARUGH Sorongpsistvare Cprotea oy Pr (1 i <32).
T%Wdﬂﬂo%ﬂﬁl{pgﬁkﬁﬁo@%%h@is JavEbibyt ransformations are
performed to generate a desired video sequence.

5 Subsequently the video sequence is coded using, e.g.
an H. 264 encoder. Next, the en ment | ayer
bi t streanfils g’énergt edQ Ther éhflt&r | al necessary
MCTFs o he |og,i gigal @i ctures \wefh 4CIF size and the
predefine p_a;%mst rs jn eac:b re perfor ma@gio
gener at @ Pow [@nd high b-bandg.” 3The reconstru d
pictureg tn thé H 264 coding pprjocess are used to
per f or mjt ul{thg{ rounds of; Fito generate the
cor r esponéfi-ng-Tow &d i gh’ suBB-"bdhtls. The redundancy
armn% th will be renoved by using the processes as

i 5t above. Subsequently, the renaining

information is coded by using the existing methods for

he MCTF. An I nbodi t i gni
¢ o8 Ve, SopS ART oo Ubmeress el Bian e ETH nfitnd aptpy can be
10 vidlecstFotle®fbya tHeO ndcohsGARSEMETF 38 H&krib&E it Mé diréMentioned
bitstream t'he originalframes are denoted by F ( 1

reflpencertocWians ddis tiaglssimble sasaishe MGTR s mueheas agsible and to
. ' . 7. i .
ui&%ér géréath%dﬁ/gjjpaﬁ ?13 71 ﬂg%osns égé%dp g\géﬁsﬁ%éta%?%é ‘6%-%:? a]to‘evd delay

bitsteemsispirédededrThé follosanpmethat icanbanedde aciied this oBjective
I <32). The notion conpensation schenme is described

byl. WHere(£i<®) Nedstermined PR&MCIFao drift probl em

: associated wth the MCTE an he del ay can be wel]

15 coht el PoEr 1y %rﬁéet?ﬁegﬁétbw&ﬁﬁéécmg A prcopstyaipggd MCTE/ or
t he afore tigned, ref.erence to.W Han. It is thus
desi I%Srlﬁgo%a@s?‘h’é‘o%ﬁo%e“ﬁ?}m' as possible and to
Leptegrate the MCTF with the unconstrai ned MCTF
seanl ess. when a | ow delay bitstreamis provided. The

«Q —h

fol | owi ng mef4pd 6an be useddtlo achieve this
obj ecti ve: -
Jectiv Ay A, O .. 0 |
A=|A4, A, 4, ... O (28)
Ay Ay Ay o Agg ]

A necessary and sufficient condition for the perfect reconstruction is that all matrices

" 20 Aj; (1 = <8) are nonsingular. The video sequence is reconstructed by
| F=A"P . (29)

An interesting case is that all Aj; (2 <i <8) are the same. An example is illustrated in
Fig. 4. The 5/3 transform is chosen in the MCTF. All A; are equal to 0 except the

25 matrices given as below:



1. All Au (1 <i < 8) are determ ned by the MCTF;, 2.
All other Al. are determ ned by the MCTF and the

waenmenet7rai ned MCTF/ or the closed | oop based poL/86x005/000206

5

conpensation. Let A necessaré and sufficient condition
for the perfect reconstruction is that all matrices A
( 1 . 8) are nonsfngulLar.gThep viHeo sequence is
reconstruct ed by 5 A1 B (29)1Ah interesting case is
that all A2 i=8)| areif he__san:e?_ An exanple is
illustrated i n Fi g. 34 Jhe-’»é/?ﬁfr ansform i s chosen in
the MCTF. All A J are equ? t0'0 except the matrices
given as below It an bg dbser@ed| that there is a
drift problgm ass Pate vﬁ h The| uncgnst gai ned MCTF,
whi ch can be anelij r§at bd byacoQEr bI'l'ing the Iength of
the drift. In the lajove 5 gxam@ el the length is set
as 4. In a second feyanpphe, experipgnts are based on
the MC-EZBC interflrgme pavelgt gptlef, available in the
MCEZBC sd#t-war & pacagegat ¢ 1| 31=2,3,4,6,7,8
ftp://ftp.cipr.rpi} edu/ gasonal/ciwen/ . Four standard
vi deo sequences, over Gardeh_antl fFootball with SIF
size (352 x 240), |M3bi® eland; Fqreman with CF size
(352 x 10 288) ,_areﬁus(édel rﬂth test to conpare the
present schéfre witjhOt He 8chegre {di scl osed in the

af orenent i oned ref‘eﬂerﬂ:eﬁt o—~$|14 and Woods. The frane
rates of these sequgnceg arg sey as) 30f/s. The bit ,
rate i s 1024kb/s. TBe hperagchigal Variable size bl ock
mat ching (HM¥SBM gl gori hm gescgi bed in the

af orenenti oned refferance it o_Ghol_sanjd Whods i s used

wi th the maxi num sear’ch Wi dt B/ hei!ght at the | owest
resolution in the 15 hierarchical notion estimation

2500 8 B TS SAGRIRI S 2o S e g

META| whichroah by athelioratdd byeodnerollingthe ldngthgofbe deifit dh the above
srmo{chne?s in.the notion information field. The
c3&'en SEISSEAT 4 nfor mation is hal f pixel. The | opt

h'a sé‘ceﬁd EREnRE UBLRBIHRRCHS Dabsl 6RWE MAE 7B mté%%.ﬂﬁewavelet

that the opti nal point is chosen at the low bit rate
caderor di apilablet he in the MCEZBC - software package at

ftp://ftp.cipr.rpi.edu/personal/chen/. Four standard video sequences Flower Garden
and Football with SIF size (352 x 240), Mobile and Foreman with CIF size (352 x

I'A’” ¥
[

10 288), are used in the test to compare the present scheme with the scheme disclosed in

15

20

the aforementioned reference to Choi and Woods. The frame rates of these sequences
are set as 30f/s. The bit rate is 1024kb/s. The hierarchical variable size block matching
(HVSBM) algorithm described in the aforementioned reference to Choi and Woods is.
used with the maximum search width/height at the lowest resolution in the
hierarchical motion estimation set as 1 pixel. The overlapped block motion
compensation (OBMC) scheme with 1/8 block overlapped is also employed in our
experiments to give better smoothness in the motion information field. The accuracy

of motion information is half pixel. The A_ (/) for the pruning process is chosen as

opt
224. Assume that the optimal point is chosen at the low bit rate according to the

customer composition.
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O customer conposition. The experinmental
shown in Tables 2-5, where a hyphen
rate for the notion infornmatPOnsGimws000206

results are
denot es an

can be shown that our schemeogcan be used to inprove
the PSNR by up to 4.5dB. Table 2. Conparison of the

average PSNR for the sequence Foot ball
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Sa |

mppesoef Do pisrage

Minchen,  GequEREYFodWICR;tR B¥ferent schemes, GOF size=16

Bit Y(PSNR) | Y(PSNR) | Y(PSNR)

Rate(kb/s) | of [2] of [4] | Invention
256 22.36 22.36 23.05
192 20.50 20.50 22.12
160 18.46 18.46 21.53
140 - 18.07 21.01
128 - 17.86 20.87

Table 3.

Comparison of the average PSNR for the

sequence Garden with different schemes, GOF size=16

Bit Y(PSNR) | Y(PSNR) | Y(PSNR)
Rate(kb/s) | of [2] of [4] | Invention
96 . 18.01 19.53 20.43
80 16.03 19.04 19.84
70 - 18.62 19.46
64 - 18.40 19.18
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Wiil e the above is a detailed description of the

present invention, it is only exenplary and vari ous
wopaisocat i ons, alterations and equi val ents nmaRCDHS8G2005/000206

enpl oyed in various apparatipjand processes descri bed

herein. Accordingly, the sggpesqof the present

invention is hereby defined by the netes and bounds of

the foll owi ng cCermparisonaf W8 average PSNBIfaitied is: 1. A

scal abl e W deo cader. coppr...sing:.a grig=motic

ot mat | oot Sfsaie PR SisA oL tneh IO Ber iR,

i nput for receiving source video data, a second i nput
for receivi nodesitred hit rate and resolutio

par aneters apd éﬁtoutBHPSNRﬂeﬁﬁPSHRh?ﬁHBﬁNBilination
and conpensat i ul e r abl ( . scal abl e
noti on vect orkgtg ﬁgs ed c}fﬁgﬁ] ! heoﬁ%ﬁrqﬁzﬁ‘%ﬁéoerg data, and
the supplied|regsl utiongoid bit1xsst e|pawoauset érs; a
noti on conpepsation-t | filtering module having a
first input for &ecei vi%i he s@fice|vilddd data, a
second i nput fur7ol eceTvi gt et g |T416ti n vector
and an output, the nption compensati on t9érrpo al
filtering nogdul e4openabl e to|gergetoat € aor@si gdual i nmage
correspondi ng—to-theldi { Lmages in the
5 present and previous franebled.scal abl e codi ng modul e

coupl ed to recei If?b'h notion
vector; a disc?%%gmggg%gf%@%g?%gﬁpﬁggu e Eaving i nputs
conf i gur edsdqneticeddbhike witle diffesdnt] seblemiesiBGOF aize=EM

output, the discrete transform nodul e operable to
domai n transformthe supplied video data to a sequence

RéorsQafchindrgBices: and a packetization nodul e coupled to
the scalabl'e codi ng nodul e and the discrete

10 Thedpldwingard hameininpotporatedby rederkets; zat i on nodul e
operabl e to conbi ne the encoded scal abl e noti on vector
and the sequence of coefficients into a packet. 2. The
sdal gabOamy I'Tigee-Dixlesidifal StulpbandlCodhg withMbtheh Ceaperishtion,”
notion vector produced by the grid-notion estinmation

T5kE Teensen batgediosrstinge’ Lodpior Lap- 459571, Sept. 1994.
[2] S. Choi and J. Woods, "Motion Compensated 3D Sub-band Coding of Video,"

15 IEEE Trans. on Image Processing, Vol. 8 No. 2, pp. 155167, Feb. 1999.

[3] MCEZBC software package, ftp://ftp.cipr.rpi.edu/personal/chen/

[4] H. Hang, S. Tsai and T. Chiang, "Motion information scalability for MCEZBC:
Response to Call for Evidence on Scalable Video Coding," ISO/IEC
JTC1/8¢29/WG11, MPEG2003/m9756, July 2003, Tronheim.

20 [5] W. Han, "Response of Call for Proposal for Scalable Video Coding," ISO/IEC
JTC1/SC 29 WG 11 MPEG2004/M10569/S7, Munchen, Germany, March 2004.

While the above is a detailed description of the present invention, it is only exemplary
and various modifications, alterations and equivalents may be employed in various
25 apparati and processes described herein. Accordingly, the scope of the present

invention is hereby defined by the metes and bounds of the following claims.



predefined bit rate, said grid-notion estimtion and
conpensati on nodul e further operable to truncate bit

WO aloe/oaiata t o produce a scal abl e noti on vect orpPdESYG095/600206
bit rate | ower than the pre%gfined bit rate. 3. The
scal abl e video coder of one<df clainms 1 or 2, wherein

al abl e notion vector produced by the grid-notion

W’ﬁﬁtiiilf!&iﬁ% ianhd conpensation nodul e conprises a
predetine It rate, said grid-notion estimtion and
conmpensation nmodul e furtheroperable to refine the bit
rate gdat sing a fecursi.ve process to produce a
Lcal Agfs%a?ﬁé‘ﬂ'lg% ?f@éf’&P“WHWﬁg a bit rate higher than
the pr gd@hidnef Riifafié ﬁnd ompERaBER LR Hd aGRstefput for

of one of clains 1-3, wherein the scal able ion
roeaiving ouguEideo bintat,h@ sgednd- input dor eedciving |®n1r¢;h &it rate and

compensat i on nodul e co es redefined. l ution

T B g {00 SRR 4B Rl B REiobrred, fenation
s?érwm& ¢ butpied a&zﬂ@lé fhotibhl Re@be cétdpied ﬁoﬁf Bdus@ca video

scal abl e notion vector having a resolution | evel |ower

datpannd the sbmétféfrmbﬂlon@sébmmtepanamﬁéqrs 5. The scal abl e
\r/rl);jleganﬁ]\%gg{l c%]:n t18n Ot&%@&)rtgﬁ ﬁ}tenh%mn(g({ ?% rllla gl e sltaiﬁput for

r&rwvmg)mmmte oialemﬁtﬂ, eaGecandi Bp6t for peasvihp nkel scalable motion
resolutlon | evel , said grid-nption estimtion and ,
VESRp AR AR PBRURA atien Wm@qnsafwrtsmperai ltedng medulg@perable to
rsi S
defiglel} sOTARFARYS cllePohBELI16 M HRERRSHER DL RAHER A he
Iimesghmdtmanousrfaanmsedefl ned resolution level. 6. The .
scal abl e code one, of clains,k 1-5, erein.the .
a5 potealablecsading RIS soR R Ferebip APd Sacidehe sraigile Motion
waaeel et transf ormation nodule. 7. The scal abl e vi deo

coder of one of claims 1-5, wherein the discrete )
t r andf Oyspgte @ﬁn&f@mﬂﬁénc@ﬁfé}ﬂﬁ Juying iipytsr eqndiguendi teereceive the

rbi A0S fifa g@ta!n&’ 'ET”Z;SB% the dlsI{I%e ?r%ﬁ‘ét?ﬁﬁm‘i?é’dggee gggr%'l%r oﬁomam

one of ¢
tansformn Itll][mm@plled)ﬂddfmdhﬂdl wad &qﬂ@ﬁb @lﬁ keefficiemsy dndr m gri d

motion estjmation an at | by peans of a
si gn@IP3F eBhaBmpdle 60?13{3? tocihe sl Ceing TRl and dhy discrete

tASBAASAN ABAREOHR SPhck&QiARNE hﬁ)tdﬁleaop?rzgﬂé“to ©8mBeSBe encoded
ratio refined residual | mage and

scalable motion vector and the sequence of coefficients into a packet.

2. The scalable video coder of claim 1, wherein the scalable motion vector
produced by the grid-motion estimation and compensation module comprises a
predefined bit rate, said grid-motion estimation and compensation module further
operable to truncate bit rate data to produce a scalable motion vector having a bit rate

lower than the predefined bit rate.

3. The scalable video coder of one of claims 1 or 2, wherein the scalable motion
vector produced by the grid-motion estimation and compensation module comprises a

predefined bit rate, said grid-motion estimation and compensation module further



correspondi ng notion vectors. 9. The scal abl e vi deo
coder of claim8, wherein the grid-notion estinmation
wapeeoorpensat i on nodul e i s operabl e at a prededT/8€2)05/000206
resol ution |evel, and wherej the grid notion and
est tio
T PR ) ﬁ%e 2EeyR B Phock lieEes @ gealble
mbﬁﬁﬁ o&cof Itiving J Weakatiipher thzmvthé piedaﬁmedtﬂlmatqor edefi ned

resolution leve].10. Th bl d I
457" iR} EFRPHI gD QUSTORh O SR | dn IRF: fenatle tion
vé@ rfdiced ‘39?{11@@% mghoﬁ‘ cRirRARN A LoPEKatibh ﬁf?od{ll%\b@h)pnses a

erein’t nmoti on and estimati on nodul e
pg:dﬂﬁnedt esoluhien slevgh adaid gndrmcm@nr%tmm@fand wnméesaagalmodule
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8. The scalable video coder of one of claims 1-7, wherein the grid-motion
estimation and compensation module is operable to perform grid motion estimation
and compensation by means of a éignal-to-noise ratio-refined motion estimation and
compensation process to generate a signal-to-noise ratio refined residual image and

corresponding motion vectors.

9. The scalable video coder of claim 8, wherein the grid-motion estimation and
compensation module is operable at a predefined resolution level, and wherein the
grid motion and estimation module generates the signal-to-noise ratio-refined residual
image and corresponding motion vectors for a resolution ievel lower than predefined

resolution level.
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14. The scalable video coder of claim 13, wherein the grid-motion estimation and

compensation module is operable to generate two groups of motion information and

two residual images for each motion compensation pair in each resolution.

15. A scalable video coder, comprising:

grid-motion estimation and compensation means having means for receiving
source video data, desired bit rate and resolution parameters, the grid motion
estimation and compensation means operable to output a scalable motion vector
computed from the source video data, and the supplied resolution and bit rate
parameters;

motion compensation temporal filtering means having means for receiving the

source video data and the scalable motion vector, the motion compensation temporal



vector field produced by the grid-notion estination
and conpensati on neans conprises a predefined

wo e®oboat77on | evel , said grid-notion estinmati onP@MNsG2005/000206
conpensati on means further gerable to truncate data

o produce a scal abl e notiorfivector having a )

1is5ige PRgagh operokle o ghRsrate Héﬁslil‘h"z IgageeaTTssRNding; 19 the diffprence
ﬂeﬁyéaeln-im\%ges il g gre@hAllapriigeorapaer of one of claims
15-18, erein the scalable notion vector produced by

t he graldblantoding msansnequplad tonteceiyapadsercodn thee scatable motion
conprises a predefined resolution |evel, said

§1gg-nntion estimati on and conpensati on nmeans further

oper adceett GrahisTbiniioh heeah €BAlAE initsdBhAgited ROredeive the residual
recursive process to produce ascal abl e noti on vector

image aed an peiHYL, tha discreie\eansioryg Hesans paerablgdo sloayar transéprm the
.hony, level . 20. )l e ,vi deo coder of one
Sgg ﬁg%dg%lérlfso %!ga tf% Se@ner %gﬁ&%eﬁti&%nﬁ%’,gﬁ ﬁot ion estimation

and GaoReRstdn fiRaieediplddStooter ehlablet dRRY fRAN §Hd the discrete

notion estimation and conpensation by neans of a ,

tepngformatin mseRe thetasketigatione meapt operablet foneambine fhey encoded
[ r 1P | - tp-noi se

S(r&ggﬂlﬁ gﬂ?()e PS]@%IB{ esl g%%%q%ferra;bgog‘%%cggﬁrlg@% r?%?er%g noti on

vectors. 2 1. The scal abl e video coder of claim 20,

wherein the grid-notion estjnmation and conpensation
1ﬁeansThesS°ahélgeawﬂe° £09 of daidt ilde Vheran |t seble Rqtion vector

| L e % esti . _
genglré@atege}g tl{%heéi]igi gé]%cﬁl- Fg@ﬂﬁgt?bgzgggt?&gﬁr e %t%gd%ggékisgagpnses 2
predefiecdirbit cate,r @b @ridimetiomoeitmatipacarsl compemsaties olaans durther

| ev | ower than predefined resol.ution. level. 22. The.
cpfiflep 1 GFasb it CuBapdp rhiiieh F 3eR1eHHR BibuioR YErar Aaving & Bit rate
18 ercthapthe PredREhédHit 1) and conpensation neans is

operabl e at a predefined resolution |evel, and wherein

the grid notion and estimati on neans generates the

ls7i. gnqlh'etsg%lglﬁls %f?deﬁ%h&' erd‘nie%?@%aﬁrﬁsc' i1 gH%' wih%&ethgggalaqle motion
correspondi ng notion vectors for a resolution Ievel at
vactoe prddcadelsyothetgrirmotiore éstithatibe raad tcofpemsatibie means comprises a

redefjned resolpti.gn | evel .. 23. The, scal abl e vi deo
oResred, oS opid i ao kol sisinafing, Bt CORBSIRFIY R forther
opélabl¥Biol RAn&MkL bR TRENRE LAR: ABRBTEsivE ROREAR] BrddAce a scalable

generate the scal abl e noti on vector )
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18. The scalable video coder of one of claims 15-17, wherein the scalable motion
vector field produced by the grid-motion estimation and compensation means
comprises a predefined resolution level, said grid-motion estimation and
compensation means further operable to truncate data to produce a scalable motion

vector having a resolution level lower than the predefined resolution level.

19.  The scalable video coder of one of claims 15-18, wherein the scalable motion
vector pfoduced by the grid-motion estimation and compensation means comprises a
predefined resolution level, said grid-motion estimation and compensation means

further operable to refine the resolution data using a recursive process to produce a
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202l I The Rakable’ @38 BddeP™f one of claims 15-19, wherein the grid-motion
estimation and compensation means is operable to perform grid motion estimation and
compensation by means of a signal-to-noise ratio-refined motion estimation and
compensation process to generate a signal-to-noise ratio refined residual image and

corresponding motion vectors.

21.  The scalable video coder of claim 20, wherein the grid-motion estimation and
compensation means is operable at a predefined resolution level, and wherein the grid
motion and estimation means generates the signal-to-noise ratio-refined residual
image and corresponding motion vector for a resolution level lower than predefined

resolution level.-

22.  The scalable video coder of claim 20, wherein the grid-motion estimation and
compensation means is operable at a predefined resolution level, and wherein the grid
motion and estimation means generates the signal-to-noise ratio-refined residual
image and corresponding motion vectors for a resolution le\‘/el at a second resolution

level different from the predefined resolution level.

23. The scalable video coder of one of claims 15-20, wherein the grid-motion
estimation and compensation means is operable to generate the sqalable motion vector
using two parameters Aopt, and Anigh, Wherein Aoy comprises a Lagrangian multiplier
corresbonding to a predefined optimal bit rate, and wherein Ang, comprises a
Lagrangiap multiplier corresponding to a bit rate higher than the predefined optimal

bit rate.

24.  The scalable video coder of claim 23, wherein the grid-motion estimation and
compensation means is operable to generate two groups of motion information and

two residual images for each motion compensation pair in each resolution.



