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[0005] Due to the IiniteBAGIHERAIMNDavailable in | ow

?"iélar ate video application, sone encoders apply the

enporal sanpling technique (also referred to as frane
ski ppi ngThd prevest invletione eplatee genaaly es siideo campression, and more

Under_ this scenarjo, franes | n the input_ sequence ar.e
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LOBLRHLE!E & Lobbl A Holilgd. Thus, instead of the whole

I nput” sequence, the decoder receives only partial
information in the tenporal direction. As a result,
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conver si Rite GEiPpdon B WE&HarRt addiecsifpresiedn b typically been achieved
re-generate the skipped franes in order to reduce the

tlanepghr agalability (SNR, spatial, temporal) techniques, switching between bit streams
coded at various bit-rates and multiple bit rate modes wherein the encoder delivers the
content as a variety of media streams at variable bandwidths to the server. The server
then delivers the appropriate stream based on the network conditions and/or the target
audience.

Due to the limited bandwidth available in low bit-rate video application,
some encoders apply the temporal sampling technique (also referred to as frame
skipping) to meet the required compression ratios. Under this scenario, frames in the
input sequence are periodically dropped from the encoding process and therefore not
transmitted. Thus, instead of the whole input sequence, the decoder receives only
partial information in the temporal direction. As a result, temporal artifacts such as
motion jerkiness are introduced in the receiving side. Frame rate up conversion (FRUC)

is used at the decoder to re-generate the skipped frames in order to reduce the temporal

artifacts. Various techniques have been proposed for FRUC. Typically, motion



artifacts. Various techni ques have been proposed for
FRUC. Typically, notionconpensated interpolation (M)
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bhased . on obl ock in one of the plurality of FRUC
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configured to conpare the FRUC framé macrob

RDcedss tproceseed reqeitihg amadecositeoak The video encoder processor including a
frame rate up conversion (FRUC) module, the FRUC module generating a plurality of

FRUC frames from the received video stream; a rate distortion cost (RD_cost)
calculation module coupled to the FRUC module, the RD_cost calculation module
receiving the plurality of FRUC frames and calculating a F frame macroblock RD_cost
based on a macroblock in one of the plurality of FRUC frames; and, a mode decision
module coupled to the RD_cost calculation module, the mode decision module
configured to compare the FRUC frame macroblock RD_cost based on the macroblock
in one of the plurality of FRUC frames to a B frame macroblock RD_cost for a

corresponding macroblock in a corresponding B frame.
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and advantages wi || beconme apparent to those skilled

in the art fromthe follow ngadetail ed description. It
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[0019] FIG 8 is a block diagramof an access term nal
avith eiie caehossgeoi nt of a wirel ess system [0020] Like
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accordance with one embodiment;

aq%ggding with a

FIG. 6 is a diagram illustrating a two-layered encoding scheme configured in
accordance with one embodiment, where an enhancement layer has been encoded with
the assistance of FRUC frames;

FIG. 7 is a flow diagram of a method for partitioning media data into two
layers and to encode the enhancement layer with the assistance of FRUC frames in
accordance with one embodiment; and,

FIG. 8 is a block diagram of an access terminal and an access point of a
wireless system.

Like numerals refer to like elements throughout the drawings.
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instance. As |long as the sane
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dReederal p'fﬁﬁ@tb(ﬂfﬁltalpolmddhpibuir@ drabest areftretris&utted in the enhancement
differential (in bits) is significantl %nsu&g hence.

daxes; st 1 pngh Eclramee s t{an,sglgtg the base ayer a scenario, if the

enhancement layer is not received or requested, the frame rate of the reconstructed

video at the decoder is lower than the source frame rate. Sending the differential of a
FRUC frame and a B frame in the base layer could enable reconstruction of a close
approximation of the B frame through FRUC at the decoder. Results show that the cost
of the differential (in bits) is significantly less and hence does not impact the bit rate of
base layer video. The differential can be computed as a pure residual of FRUC and the
true B frame, through thresholding (or quantization) to limit information to prominent

regions (e.g., holes that cannot be reconstructed by FRUC), or as a refinement to known
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processing; [0030] 3. M with MW processing; and,

[003 1] k. Newemetoweompeissicdalavbthms sushway frmps eepelitign and frame
averaging;

2. Bi-linear motion compensated interpolation (MCI) without MV
processing;

3. MCI with MV processing; and,

4. Seeded ME assisted MCI with MV processing.

Any of the above FRUC assisted encoding technique can be integrated with
layering coding techniques. Rate adaptation of the transmission channel can be
achieved by layering coding. The base-layer of compressed bit stream usually
comprises more important data, and the enhancement layer contains less important data

that is subject to a larger transmission error rate.
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techni que can be integrated with |ayering coding

wo e@hooTFees. Rat e adaptation of the transm ssiBOT/US2005/023333

[0033]

[0034]

[0035]

[0036]

[0037]
[0038]

[0039]

[0040]

channel can be achieved by |ayering coding. The

base-|ayer of conpressed bit sfreamusually conprises

nore i nportant data, and the enhancenent |ayer

cont ai nsln essmbyontwnt idetRrabhathat the dapg-yer hibstegam is standards
| arger transmission errqr rate.[0033 n

ShTre AR 19 SRiengBar T &1 AT el foabs fropppd when the
$t€REsios bahaRHRK decreRARNMel At cefBh thi®hold. Under this scenario, it is
enhancenent-| ayer bit streamis allowed to be dropped
wieeirabld®: t r ansni ssi on bandwi dt h decr ease bel ow a

certain threshold., Under .this_scepnario. jt.i

desirabl & tp&ﬁﬂtoéloglﬁ nlgongggtfﬁ%lp% n&ﬁﬁéenclbn%:ng?n t?]aﬁe_# arygﬁeframes and
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folds. First, by Introducing one extra prediction node

for the Fhthewdneof thisgmrodchame twe fidds ofgsteb% igrpdugingene extra

for .the enhancengnt lLayver wilJl inegrease. Thu . .
IRSCUEHE e B GG, o BBeay (opyigpioh o for the
EnBRRichEnt e NIANGRITERE. | ayay, firta Fidedatfuistnicka! dasddidth, the
as it becones nore unlikely that the enhancenent |ayer

ossibilite afdriping theeerthan¢ranant dasek diigsteram fedecreased as it becomes
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| teateiideion raferva@me thaenhanchmenly lapgedllitrdropmdgiSademighowever, even
transm ssion conditions, due to the m%‘%‘ﬁgﬂ ase- | 3{rer
! ,

dh (gheeﬁmmﬁ@gﬂ%.tlayeg)}ﬂ StrgagyBas & ke [5159&96 eggding ansmission
&XRbRoRE Hul €5 @Her\wr?{ &lg pIGCRYET and@Rh Sidellent- BYE@AALLark ?Eﬂitioned,

m ssSi ng enhancene ayer frame by replacing them w
i a3t exppeoheat betefRtE Heaudes caif GO Ibgdak@te the iisssty enhmgcement layer

conventi onal two-|ayered encod] chene of a video
SeyueheEp Qﬁé}gtﬁoﬁ@l"ﬂ W&%§B§§%%§W%4 and an |
enhancemeft, | ay&diralddZn cdnRAforl friveTRFer&t 6hcaditngPsdheAREBSE a video
112 and 114 are partitioned to base 1ayer 104 due to

tsequence APorinendiagfadase hgerckiMraadtancabwissmeniceyesd 08¢ I and P frames
BRSPSy 0GB IOR! L4 4o
| far tH dorebd REomttucE@Ps0AGkL sdgiénce 106, while the less important B frames
such as B frame 110 reside in enhancement layer 102. In this prior art approach, the
reconstruction of enhancement frames in enhancement layer 102 only depends on the
reconstructed base-layer frames in base layer 104, but does not depend on the
reconstructed frames in enhancement layer 102. Specifically, B frames in enhancement
layer 102 are not used as a reference for temporal prediction of the frame in base layer
104, although B frames can be used to predict future B frames.
FIG. 2 illustrates a video sequence 206 encoded in accordance with one
embodiment of an encoding scheme, where an I frame 212 is a standard Intra frame (a

frame that does not undergo temporal prediction) and a P frame 220 is a standard
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reconstructed frames in enhancenent |ayer 102.
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as one of the nmultiple reference pictures. Thus, in

aretumshoi BE framer’d 845 e BeBape baving en FRUGBMisrpalaied frame 226 as one

[ ude.,one more of |,. B PE ar f FQE .
oS B SR 5t Bl 1 Ygolepa vyl SR0EER B -cirectionay
| pt@cRea| fainedd bamRve 22hiagle GBRraice tpicuity) thefd feference pictures only

reference pictures; and BF frame 218 is a B-frane
hadudel dhorHRilemient er pol at ed frame 226 as one of the

mul ti pl e e%,gé{ F CH Hérﬁfnurtﬁf terhd? “P%&ré@ss“'twihe}‘&& H‘E:‘g.gfeés that are

st andard i rectiona predi cted franes nay
nptedittel raet evidnERUQ! interpdated framse useelf mrrefecenc peturee sThus, both
onl gq i nclu

el, Bor Pf S. [0043] As referred t.o
oSS 0 HEG AP e bR LY [Py CRBOSH b g gle reference
fgigtgférs%gé §de8%of R PRt dn b FRGmbOT BY RRNRIE @'RU@Hﬁ’e?‘p%lated frames

as reference "pictures. Thus, both PF franes an
BRay bartes oalyercfoticerpituanesed fon the@residioai eeRtframes. Further, the

nul t.iple reference pictures are used for the .
oiteleBhfe e feafth endpbalhs oo et Rerign gf FRUC
fif atB@rddgest Reunl % FelfrefRRCudAl & usifg Wigl shevifié Macroblocks
prediction of F frames. Further, the arc%i tecture

dedieh mayibhblosknoleany sins s sapeafroayipe SR infrepelaigd frame.
portion ﬁG.ngicﬁhsltﬁ{e rapﬁ’(])@tdga%r{/rﬁ VFem. e%x?%llﬂ?ragg rfﬁ{% gﬂ%oding process

references; s as using speci

(fohitehbirsataedebtiteldsabofe aNYIGI Z.e I step I3ORetheflincominpenedia (video)
FRUC i nt er pal at ed, frage.

sequence is partitioned into F frames and non F frames, where F frames are PF and BF
frames, as described above, and non-F frames are I, B or P frames. In one embodiment,
there is a one-to-one relationship among each F frame and each potential FRUC frame.
In other embodiments, the ratio of enhancement frames to potential FRUC frame does
not have to have a one-to-one correspondence. Once the video sequence has been
partitioned, operation continues with step 304, where the non-F frames are encoded
based on the standard encoding scheme used. For example, the coding standard as
promulgated in the H.264 standard may be used for these non-F frames. Then, in step

306, a FRUC frame is interpolated at the same time instance of the to-be-encoded



[0044] FIG 3 illustrates a flow diagram of an
exenpl ary FRUC encodi ng process for the bitstream

walemenotsed above in FIG 2. In step 302, the iPCDOBIV95/023333
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nmedi a (video) sequence is partitioned into F franes

and non F frames, where F frages are PF and BF franes,

as descri bed above, and non-F franmes are I, Bor P
tnlanesmentnfrane dntondiemhodimertiethe FRUE Baee tenyodepend on both the

rel ati onshi p anpng each F frane and_.each ent.i al
FROCP WA PR GG A GGG HRELIOLE (o G GiboCiments may use
A Ree MERDC RARthhe RREeRdl aboveRUGKH kstvpe 309ethen@fames in the

have to have a one-to-one correspondence, Once the
enltrmoemeniUeyes arherrofed withahe pisistaned of dseingarppted FRUC frame, as

ontinues wth. step : h N-.F.fL:
GRBORL BackirTBRoR NG POy whad R e e iR B FRUC frame,
BR lex £ pEal Gion bhkleQPRUTImS ey whartd sakcpddorihg pratiction frdmes in the
H. 264 standard nay be used for these non-F franes.

Thémlayemh step 306, a FRUC frame is interpolated at the

T

frame. |I'n One e rame epend on
et Rnibbainied€ o Msitinlly taeP feanter detectdr 408 deteninéeif st wave frame is an F

revious frane. her enbodi ts se. the of her .
PR0ES. 2l gt fior b GELRHOMB OB, SIeHo 5 TURE a1ty varsble length
ch&?{g%VL@%Qg%d@f‘ he® g&’fé‘?ﬁés 4 BYEI biBEEeaBD R FRMentlolidt PRe B frame to

assl St'anc the i nterpolated FRUC frame, as detailed
iontpubén sresepipitii sreant 404. Glheimotipn yectgsdor Bethher B frame are stored

SRR B R O, gD B g s

frE@MBSudtél e BRirAmbayRIFRUGOAS] 452 Gs cdupled ustvat bsffand08 and
encoder bl ock di a%;am configured in accordance with

seconsiminset] freme . buffer ¢4i19) tpyperigrp § FRHC glepgthng and generate a FRUC

eterm.nes.if n ' a - : FRUC
S5 A B R R BT A1 TR B B e
amheabkeuded i@ pthetne thegy atiWusy (@ps Bifer PR)Grageser at es a
final bit streamfor the encoded P or B fr.ane t

out put i H BArasis griectey ﬂo%@?té%nﬁfbﬁh.at 'Ph’_éC"‘l‘rtg'EaWn‘S\%é'cF Jrame, an F
E%F?ete %%nggru\xﬁl foS%@?fo%? a%ﬁ&?&ﬂod@bﬁﬁfa&&ﬂm\éﬁ%ﬁ%&ﬁw the new F

e reconstructed frane buffer 4 '
St s The eraalad tf frame dnderaiodk freasrt tofa BRIJE 434 that4depermines the

is coupled to MV huffer 408 .and_.reconstructed.f,ra .

STOBT O 29 (GRS oot WROCLLH {1 W i EHIE GG ALgeds the bt

Egl:%_sii@%%a%ﬁﬁ& thel Sr08bR VRG0! RARECHEFRMRadrobIbek REL4ost is then
'S

ussed above the FRUC franes are used to )
gelvetatdintBhblockRIueostrealaalagor, 438F Irthpr)basadgretbe B fygme poooding,

If F f t i det i F i
o ARE SRS SR T P35 BB 28R D) of
RS FGBIAS raB bITRR A O6K tHR MERUCTearnd rdtheyvedefrork FIRTEGnErame buffer

The encoded F frane macrobl ock are sent to a plo 34
t4141(SAB._Ex a8 wbagte@ from a corresponding B frame macrobﬁck %A]%_b) to(2)a

predetermined threshold value (TH). If the results of the subtraction is greater than or

equal to the threshold value, then the quality degradation would be too great and thus
the encoder needs to send encoder assisted FRUC frame information. In one
embodiment, the threshold value is six times the block sized being used (e.g., 16 x 16
block size). It should be noted that although the term “macroblock” is used herein,
which typically refers to a standard block size of 16 X 16 pixel elements, any block size

may be used. In addition, the blocks may be of any shape.



nunber of bits that need to be transmtted for the B
frame, which includes the bits necessary to transmt
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then calculated in B-block RD cost cal cul ator 436.

Further, based on the B frame gncodi ng, a conparator

430 conpares (1) the value of the sum of absol ute

di f f er enHelffe:8A8) basveeh theRS AP afsheriicirabt sederdidekdansinthe SAD of
FRUCfra retri m ER buffer.dal4.

(B GRPE tsdeSREibh WP sheriiR g ot Wb licate that the

regaab hekobi RARNBYIdHR séd irfmBA@E eB2hAl fRbit 1 iagiekdhe F-mode is

value (TH). If the results of the subtraction is

Pplasad érto gyt bit segaral449.0 1 1, 2 resisiyabeidthe spwree (arigamal} WéCTObIOCk

ST RTS8 P o v

iqubAA¥EL inOBiscrefe Odienee Fapdome IDCTHIRuahtizaRhOVIOC iabdige i438.  The
six tines the block sized being used (e.g 16 x 16

Brgber of BRYC frame hlogk ity BecsaBHtor RS tbﬁ&B&C frae fdprpation is
I

ERGARLOE 1k, HACHRRE 950 bl DRIl BSERPLC rame

hhoetébleikz BDraysthie desethinedninalfididckoRD_tdse nhIi(hl&d(éZImyTlteeRD cost

of . apy shape. [0047J |If differen tween the SAD of
toﬁ]éu%%f’ ﬁ‘g f‘dak‘”'g‘ﬁag%fﬂ%t éﬁéjgf the F frame
macr obl ogkedds ophege thematcAeBt RagRhhLroBIO&N RiMQost and F frame

encoder wll indicate that the F frame macrobl ock
ghauddodke R:Jiwdstn, rompeatate m@lar@% Idetebnmes ovhigidbiatte place into

the F- e is ced i nto.,outpu stream

r%lﬁfut Dt sg g, i40- flotnﬁgmtsb%llr%eé] g }f gl Aame Hads %Fk h&) cost is less

ansh @Rl Fogahe tnidrdilodl ®RIE cbétoc}kenl theCliksC Bdrathe dB i flame macroblock,

modul e 416, the results of which are quanti zed in

dndediag dhe aeneratedy masen FEstoBCTLRRMACRAIRENPWRE bit stream 440.
[

@ggﬁggsa r’ :h?e% bl-[g ?omtg{%tiff fe %@1@&1@%1 ogggcﬁeg 15&) outgut bit stream

daoer m ned in F-block blts rmdul e 420, and, based on

that cal cul ation, the Lﬁ: me macr obl ock RD cg i's

det erni nEi- 7 BlYsiaier LK %&GP]@H‘EQ@ #h RCRPIORGE With one
%ﬁ{t{bg%ﬁééﬁt @&a% o gg}a%%aﬁg,é&ggﬁgftnae%\eﬁganérmme gra;gﬁg fangé macroblock
Mbriog she amddiagfthafremenar dbleobincRDeniolsyer. do mrS@Qothe forward and

i R toctor 6 AL et P MRk, Jnghe Hhbodiment,

TRE LehbRC e BBt by Perf@fisng Bavehiiéndl bi-dab®iJHAL eBbA €ktimation.

RD cost, then the bits for the B frane nacrobl ock,

i Thets L iméomkﬁélog drron atRl Gdramsniswsed.od ben, i step @4 ph e node for
t put bi,t 440. her wi f .

tﬂ %FP [%ac%i%;)écr)%(b ermn}e]d qél %1 Xa"'rggg 1me[:'1§ tlgéut)g'sa tn‘Pc{)dletls selected

St ane 6fhred 1404 a Fdr@arcﬁpmﬂllctisﬁ frvidesa Mk@hgi)pmdith mode and a

i mpl emented in accordance wth one . i
bi-linear prediction mode. Further, the selection of the best mode is performed without

the involvement of the FRUC frame.

In step 506, an error residue is obtained between the B frame macroblock
based on the selected best mode and the original macroblock from the source frame
(i.e., the to-be-encoded source frame). Error residue information between the original
macroblock and the FRUC frame macroblock is then obtained in step 508. In one
embodiment, error residue for the B frame macroblock and FRUC frame macroblock is
calculated by subtracting the original macroblock from the B frame macroblock or

FRUC frame macroblock, respectively. In addition, a variable referred to as the rate



enbodi nent for a node sel ection process of an
enhancenent | ayer B frane macrobl ock during the

wer@wediTsg7 t he frames in the enhancenent | ayer.P¢TUS108§023333
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502, the forward and backward notion vectors are

obtained for the B frame macrgfl ock. In one

enbodi nent, the vectors are obtained by performn

clostorgint icostalRhicost) necalewaiad forobath ihe Bt irame m«?.robWﬂ%s(B_RD_cost)

no .i nf on fro r i s used. Then, in .
P RoBROE B e B ek BV RRES P %Gy P g formota:
det er m nRph. chdt =ONisMRA MBMbda & RRtdest node is

selected fromone of three nodes: a forward prediction

node, a Baenenembodiment gici Rate i tatakibis pied)tp gaggde a certain block
dicti . 1 , . ' ha b .
PR bRy RS, ehERSSE ShaRiRla" Rl BRfggion is

fdiacmion [O&ED)] add) IsingiilaS0 G, pedefiiddoweightihg detdrsthat depends on the
obt ai ned between the B frane macrobl ock based on the

SBpigelen pethe mrdeblady HnesmbpdBent RSt SIdefsraHed by a sum
t C ADS - o-thesenc : C : .
R SUSTHECRTIAE SAE chifoh oS RacaHEH AU B tyon tisorion
megtrichmay e aed.t Kerthd?| Cahbdayen mae eofblodimkent,sis tahempirically derived
%bt ained in step,508. In.one enbodi nent, error residue

f

gyl depsndent o the avAREEYLGR BARMEERC frame macr obl ock
i s cal cuhgliegd¥d abbid, dBEIhBSthe TR 10C ifgintadr BBGHRIh&EKof encoding

fromthe B frame macrobl ock or FRUC frane nacrobl ock, .
rgehmsen isvhabgd on the sdok-ef-ahsolute-disiereapt €S A4JY walpe hieh igffectively a

th t i st.or t.i { £.) I.S.. .
e B G a RS bR 8Pl HRuF GG Rguar hse
ftive aludB efetiintdd, ChRbEn RV eigitéd bgiantbtlabynd the "best mulley decided
f ormul a: EOO_S 1] . RD_cost = Distortion + Lanbda Rate .
[beemsiqn that whicharipbaizet the repHe Rag EapQn thesuppaation g distortion and
t ' | - : _
Y€l 8 B0F gﬁg'gao aleceg]%@err&aﬁ r&ﬁééoﬁg%eﬁgf BER%ch nﬁla% Rty and bit-

residue o e respective macr D st

" iratet M8o, dbs exarhplonifriae ehandenaouhgendiida highly cpmebtef madblock that

wei ghting factor tha ends on th uanti zation of
A it e 1o, o PB4 SR raeer s
%F&ém B&Hd Ywer B GuahiiA 513 letue tglaﬁs\%][ff%fl 6 RradS$P)n distortion, even

B
calculation. In other enbodi nents, different
dhaitgbrit wowldrequitecmoredytsibeencodel. Further, Lanbda, in

one enbodi ne s an.empirically deriyve nul

dependen ;B T5H %fﬁ &84 Eﬁ‘?lcq%? élflfl’o%onﬁ%‘%{lgﬂﬁ}”etﬁe %[-38%@ Stf\(éhe RD_cost of
dgsS B firif6 nAbREockMARd RRY ertdiQedifiidCarld, @0%seQtierdlyf FiRMERUC_RD_cost
node of encoding 1s chosen is based on the

dther BD_spoplittee JIRYEr bawe panohlogk) have hgew Hefegmined, step 510
ef f [ . S ion

SERBER Y Yo TREME Pl RSO LA LU 6 i o 1050
tthiéh thaFREXC aode $aueleectd inRBep e RN Otheriviget the beyt hedemaletermined in
and the "best" nopde is decided based on that which

e J0dAbehasp iy ¥&R P14 The reason the sunmmation of

di storti ff; agdjustrates a video sequence 606 encoded in accordance with an

encoding scheme of one embodiment, with a layer decision block 608 that partitions
media data into two layers, including a base layer 604 and an enhancement layer 602. I
and P frames such as P frames 612 and 614 are partitioned to base layer 604 due to their
importance for the correct reconstruction of video sequence 606, while the less
important B frames such as B frame 610 reside in enhancement layer 602. As

illustrated in the figure, a FRUC frame 616 may also be in existence in base layer 604.



bit-rate is used is so the encoder can neke a
trade-of f between image quality and bitrate. So, for

wex@aph27i f the encoder encountered a hi ghly POTYpE®R5/023333
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macr obl ock that would suffer froma great deal of

distortion if it used the sangjquantizati on paraneter

as before, it could |ower the quantization value to

al | ow f oFICa Ttiftedtedsfa flow diagraom of e AR UKy exrodingigiRcdss in accordance

L50L d EBMSTRLT EkBeh QuTE T b Py o M e

RERueAS isOfarfitiéheB ihicAhRe MRRE FRInRS kehd @nHaddemet Ta€r frames. In one
resi due and, consequently, the FRUC RD cost (the

RMbodistentf theigeis FROT-£9-a [HeleqnsbiPoERING 8ad grapcement frame and

detern ne 510 . 0 ]

SR RSy BE0 1 GTRRL o B0 50001 A framcs
tbenFRUR UCdRarhe d66 gattiRde itt havep ond-2o-oft berredpeaderiche Once the
best node as determned in step 504 is chosen in ep

yideo feqngBP I checs Pqﬂlwefiaf)e%ra%\%icaéfbm?éq%lélhé?%%@’ where the

. . . ;

L
%amhpllbi thesodiegisandatias ipranulpaved irathe 15264 stahdadd ngy de used. Then,
)ase | ayer d an. enhancenent | aye 02. .1 d P

A7 2ih0s 0 FRUCP Hapinis o MEBOISITG 146 Sre gt it EREeh e to-be-
RAsSIch AEin BN UG Ihh6he elnBB@eA) GRe FRIUC M@n@Omb$ @epend on

reconstruction of video sequence 606, while the |ess .
ibuhothe aevonBricteainsrestfrhme endtherstared pregious Siaghe- Qiher embodiments

enhancenent, | 602. . il ust [ i .
SRRl B By s B 080, o, 0S8 HE Tt in e
@0HarlcBReRt 1afdr@re ehcbliédiith Beasigtahtedf tHe A@srpolatld FRFRIGEme.
encodi ng process in accordance wth one enbodi pent,  as

descri bel shewdde nofedsthaithe apodules and PERGSFIRE Blogksymentioned herein
P S RSHAERE, L3080 IR SRR 2088, on of
ifo?%jﬁg@ml g:a gﬁez;)r(t) ?éecﬁl:cii g}ﬁ&{ga’gﬁ)nch?mngfo? aixdn?%?ﬂﬁ]ec&amnpro.cefssor.may
o AFS O ey 5 WAl MR e Gt oFygper @ digial signal
g)géc%tg%oﬁ- g@ﬁ% &B@rnﬁpe‘épaﬁ%cp %%oc@%‘b? h& Ba&MBed in conjunction with a

orrespondence. ce the video sequence has
ererappurpode poesssoroiodmpldnmmt dlonfunatiess deserbesh ggeino References to

whe the frames in the base:| ayer are encoded,based ;. .
Sodels Srutbara et eroL et el ePREERP B pmited o
GRALAY 2 SaARARE i 8it FbOPRHEMiR sdid futioh. c#6fnsi@RdBitdmay, again,
may be used. Then, in step 706, a FRUC frame is
iintladpoparcesdontonfigured derperf o sqidh ngHer opfungtiens.

t o- beencogded enhan nt. .f. . | ,

FRUC. T 1 ot RSO SR ABR Aot R bl B SRAMHETBlusubdf for very

Qi11é @8 tnd EaABroatist iheisiabyeslitp) ayibastel b ahe médehsaiection method
enbodi ments may use the other FRUC al Eori th

dlesaribie a0 o eXpRple, EiSTE B bij-gate/pangyadth; rﬁggqiiié)n by augmentation
of the standard (H.26X/MPEG-X) bit stream syntax at the same quality level. This will
decrease the possibility of dropping the enhancement bit stream, and consequently,
improve reconstructed video quality. In one embodiment, in encoding the enhancement
layer, motion vector information need not be transmitted since that information can be
recovered/computed at the decoder through simple interpolation functions. Thus all of
the bit rate savings can be realized.

In addition, computational scalability may be achieved by the adaptive

selection of an appropriate FRUC algorithm based on the optimal usage of the receiver's



enhancenment | ayer are encoded with the assistance of
the interpolated FRUC frame. [0057] It should be noted
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herein may be inplenented in a variety of

har dwar e/ sof t war e i npl enent atijgpns. Thus, one of

ordinary skill in the art would understand that, for

ébamwﬂr@ rem’ql@cegarré%pr%@@@borlf rthy qsepdasr hast heiliERUEotion estimation
penat
(éel%rg#or eg- ﬁe rl\g%é%s‘%’sg?d ?@gﬁ@l’ M‘v@% ec?,%zn Eﬁgjﬁhﬁgc&itﬂm may be

BERERES B ettﬁﬁbénﬁﬁra] sedlabilityc@day boathievedas) by as@enke FRUC features,
pur pose processor to inplenment the functions described

e ¥idao Wil éavbackelik %alﬁ@ gt adersy FRHC fsanpgsy are inperigd qnly when the
tsog?eiqiﬁ%{aﬁ%&e WGk MreBlivid n?HvQPs%vﬁ%g Uk %en ol ﬂxh%fsg Ge obtained,

particular circul orm ng sa
fpafticiiagly hﬁruiheldison&erebHRUﬁaWsmthrﬂfc,omtnmtmd eofathe video stream

processor configured to for aid function or
PEAGtE S Cyolos BYEn FHTepPBBRION P/TIC eI B os

savings g g%&é@iﬁ%@tﬁ‘ﬁgesbé&i)ﬁ Lf mé%roﬂﬁé Yothl ElE ke when an

to no conpromse 1 n vi sual qua |ty, based on the
BRegmep exft piotwrese ((h@B) deetpich &d ustdov élenfs?@ r the xprageng invention, by

: E‘gﬁ}é %Fads%l ag];)[:%t a‘gﬁ%&%ﬂhh% heguc;t | 90 Tegse thgt VgraaH] bit rate.

BpleR¥mple, {RIBPAHOP Gtaktufex, theVtRl rateThb§ bbirkducd@ By aRps® 15% when
t he pOSS|b|I|ty of dropplng t he enhancenent bit

dothetiv bagh and erhsaepueant [Lgyery @rsrp@v togediebn Shis Reresatage @ees up when
4 %lPl (tiéSP ok E? (?(Bp ﬁi{(\{{E}% arel Use& B ﬁgé@ﬁ tcﬁﬁes utiliz 8 mor{a B frames.

n ancenen a er, Ion vector | orna I on nee

Ddoierfanshoid wihl nsoregembéradf B frfvpesbdtiveen Lanl he
recovered/ conmput ed at the decoder through sinpl
i nt er pol BiG-o% Showe i Bpgk dipgrpan of jangccessdeppinal §$7é‘ and an access

jﬂYﬂt 3% 7 vf‘]?elés@ @géb&ﬁd -Af ORR8s tleﬁm gidi §d &lﬁbussed herein, refers to a
a

onput ati on scal Ity may be ac |eved by t
aldagot iprvevidieg eoideandof dar ca)ppmbmty ao e WBEUO l&l gmmst thrminal may be

based on the tima usa receiver's war e .

FORRTHCEE 3 foSPD USRS A £he 10D GUTPHEL ORoIER, fpmputer, o i
TBly Ba 88 ESRAhANAAGELIRA Ak Qrperstohﬁ digied askidvntadHe e 8Ms terminal
MCI® with MV processing FRUC al gorithm may be sel ected.

Ben tadso bengforred tg @alaabmbspnlyern@tyt tmolahehﬂén«@d mebilepyemote station,

using .t he FRUC features, {he vid '

AP AR SR O E5 sl SRS Sl lelminal may
theen hiasseriber\sedtiod] tvirsleseasvits deHGlRl Y@€bhoROVTS $aapmms a cordless
at the decoder may al so _be obt aj ned, particularly |

A
HelepiEed &, S%@ﬂénﬂm@nag@lt@@bdsﬂ’écﬁ?@?f acwr%}ﬁss&ocah doop (WLL)
tr e S es t
MBS TRABEC WP S UL @LRDE S AR device having  wireless
Eoackctibe dapdbﬂtty,&rfdtl&ii@ﬁodemmg)&em donn&ed ofa wireletsahadem. An

t rate en an | BP, grou of ictures, (GOP) structure
b%cq;éwwnvfgn%se%l Wée‘ﬂ)q@geé’?n Vet f %ymr &R ACPEY Aqigork that

%ﬁﬁﬁléa%as%# he rant RGERE! HrBgEBohd W@renﬁﬁtdi@ CHfiRSRBe access

the overall bit rate.
terminals. The access point acts as a router between the access terminal and the rest of

the access network, which may include an IP network, by converting received air-
interface frames to IP packets. The access point also coordinates the management of
attributes for the air interface.

For the reverse link, at access terminal 802x, a transmit (TX) data processor
814 receives traffic data from a data buffer 812, processes (e.g., encodes, interleaves,

and symbol maps) each data packet based on a selected coding and modulation scheme,



For exanple, for IBP GOP structures, the bit rate may
be reduced by up to 15% when both the base and
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goes up when BBBP GOP or D3BBP GOP structures are used
as these structures utilize npge B franes. Mre for

those with nore nunber of B franes between | and P. '
D §idvidels @ataGsysivoles A dblasyinbd] isgr madwatiemsyarehnd e data, and a pilot

ter nal and a C P ' e

Jabuhe aronegd s Aoh Ao R ek Pl R0autacor 516
'&@cfeﬁfcﬁ th® dataASHibeR, POV bﬁhﬁtﬂs VAACOsEiBH/ analﬁigafor the reverse link,
connect|V|té fo a user. The access terninal may

peripent @1 FEN&)dnpdnlatr@ anslforcqshey pracessing ap ggqcbfgpd by the system,
TR s A BRI OR R TR fsnbfrol bt PRUFRI B processes (e

TbverECRS Sndl6Y, nmmb gaplifedss @nbefrcﬂﬁl%ﬁdf}r eﬂcdm'eﬂ;sorf) the output chip
subscri ber unit, nDblle stati on, nobi

stream epd 2enerves? mefwpiedisizngk él\fhl({fblﬁ ,qqaa%gmtteg irgm apaipnna 820.

or user {
cubseri ng? ch{%g%ep&nt @iﬁ(f Zﬁ‘lfsg eV| (';Qéé}ﬁhs ﬁ‘ﬁiuéngﬁecﬁby access termina
tsebe phd peher RCHinadd ﬂpd:mmaumaatmr it sscese peiph 80y ang received by an

Session_lnitiation Prat S| P) phone, a wirele

roEin o Apaiyer i (R LS b Ay PatipBe FRT gigpives) he
é%é‘% nghgl shideni $9 Bayipevinky edcened canpast | AN demodulator
apabil 1Ty, or other processing device connected to a

\&Demloé}: $5foptensssesn (€.ac Gbgg)dp]@tqqt and getegfsk dlugs seqgived samples and

?Pg‘g‘?fe]r%%l gtgtt%fgtgcriggatég %ayﬁ%e | Cvev ie a§§ﬁ§ S%stl'i]rﬁatt ktl}eh ﬁﬁta symbols

rougn one

TRhSMARASS the tMhdikald ttea@@s‘selscﬁnﬁ 804X, nAh&:eNEl‘@Ué):da&s @rocessor 858
point acts as a router between the access_term na

tm@ces@gt(e & symboladereaps, GranigEeves \diddec Fh%%?fé%&?ta symbols
I | rface franes

6 FEh Ghfog) a¥a FRRNES WLBelehE ehathidibel |80 11 o0

man agerrEFbr e faitviard huk es af:oerss phmt 8D4x, |trmfiiae¢ ﬁaaes pfooeBed by a TX

For the reverse |ink, at access . te

tdaith BFACESSOTRPO f41 %Fnﬁ%% dataosymaols-; fgg] e‘?l%‘éatPF ?P?. reciys, the data
ISR, SR shbd) oL nboﬁnﬂ{r%‘:ﬁftstﬁé foftvdid 1t GRBAms (c.g, OFDM)

each data packet based
anodulaineandior other pgrttedt poubessing, cmdspilosides aandoutput chip stream,

S‘{}l‘f?})éllb gsefflgﬁerdlgpgxlog%gyaa @Pﬁ%%l%g&%ﬂn‘ggéﬁ @136 {ranstt dtr (J)rg Intenna 852.

SHHED RlrwhRS iRk ! Qénalinhi @by iiclidO Wowar Roh@S] &omfhands gencrated by a
nodul at or 816 receives the data synbols, pilot

s>pntxollcg 878rfdr Pbtesinizlals teAngmitting gn e reverse Hak & acsess paint 804x. At

Ba%%%sg derm i 8§2§ pecf%% e%%%%l?f{%ﬂ 8Qn ﬂé@f)g\?%d%? omt 804x is received

Sy aasnaf 320y tonditiGldpsd digiuz&lh bmd feeti vernintit 821/[1'2@)1 ;&fh&ssed by a
processes converts _to anal og

ai@pqqdplagg 8(2511,{@ ob‘ga@h@pé%«?ﬂ %@ SHORQIS éﬁ)& Hi@tacmpﬁﬁforégﬂprocesses
§he %@t‘&t@? Qig&?%}ﬁ{b%ﬁse&@]?rggﬁ% ﬁE@dﬁe& l@Redor tYeERinaPand the forward

transmt om an enna 820
link signaling. Controller 830 receives the power control commands, and controls data

H

transmission and transmit power on the reverse link to access point 804x. Controllers
830 and 870 direct the operation of access terminal 802x and access point 804x,
respectively. Memory units 832 and 872 store program codes and data used by
controllers 830 and 870, respectively.

The disclosed embodiments may be applied to any one or combinations of

the following technologies: Code Division Multiple Access (CDMA) systems, Multiple-



[0063] At access point 804x, the nodul ated signals
transmtted by access term nal 802x and ot her

WO 00ai00ERs | n comruni cati on with access poi nt BOWKSEN®023333

[0066]

[0067]

[0068]

recei ved by an antenna 852. A receiver unit (RCVR) 854
processes (e.g., conditions and digitizes) the
recei ved signal fromantenna 852 and provi des received

CampéreeD M QdGoaDVEA b WidBkand ()DBR6(Wr ok HligheSpeed Downlink

ST oS G BN TG Yo EBRER, . Frosuency
q5ily{ S8 PIufipld ABcRAEDBIAYRPEmSE, a8 DRtHogefhal Bredudfcy Division
termnals to access point 804x. A receive (RX) data

gﬂm&?iice%@@lﬂe"éﬁ@@nﬁe. g., synbol denaps,

ei nterl eayve and t

o " SUF R NG bl 9, LR o R et on
t£ VAR of cOMEAhidaatn tHaedvaewpratessonk andtsysleasskngyai ity one of
804x, traffic data is processed by a TX data_ processor
FEtneD et hecAEe SYMBIS S BeR s arEReBpier (g pbL operate
i . . | . . fop _
SR Sk i P G Bt (8 acin.
Qrbeissqretot conerol i opessomof tlam dlignt canidde snemoryufopstoring data and

chip stream_ which is further conditioned a C
thE gmstrpgfedum theganerativg &ty S0 e o OPE s Bnpny figctiont is a
TRAufap g%ﬁ@! | i Nkn o BhbJEImBRY the elistfl &is POWRRdHeRN tb@buter having
commands generated by a controller 870 for all

teommmatasions aapahilitésng oryet Heothey emhodimek, the elieédls a personal

poi nt 804x. At access.termna..802 2

gt g i e Mo pd ol T gs o GPs
aBtavsanBy Obe eROEPIriteNed @iteksahygid itzedlint @ frpleinvsr the various
unit 822, and processed by a denodul ator 824 to obtain . .
crentsinentgat Bhes yammissillupigating lgaics, Ingisab dlosks.ggdules, and circuits
p e > . . i ;
s i
Sﬂ@ﬁtb@in'(bjdl gvitIangém:ilepurﬁG@ prceisve sa tdigtah cigral quotessir (DSP), an
conmmands, and controls dat nsm ssion and transmt
ORISR PHEDE CUEPEEAGHRT (8 S Lok At BATHOARle Fe driay (FPGA)
QYR rS%%ng@ﬁgicsc?&idél G8Eetel £ffe BPRAALION 0B, BkEREShardware
termn X and access poi nt 804x, respectively.

Memgropents; o1sar832ombidatBiP theteof dlegignet tnpates thenfinetiang described

sed by controllers 830 and 87 respectively. .[0065 .
e, Yo EORH BTDOR TtoCnTRSY D6 aBRRPR L Gy Bhiegpemative,
cRobiralRki®N8aybe bR ch®lnQ¥hd) Pré®edbrotOliois:, hiefiRontroller, or state
Di vision Miltiple Access (CDVA) systens,

Nphehing. e Gar proegss@DvRY (N Cenpplemgried #8@ CpmRination of computing

(G 2 LSBT ARSI iy o

BEsdk Vol (@mddel thicpdpeocdsses i (dridition yeittea®SPactde, or any
Ot hogonal Frequency Division Miultiple Access (OFDVA)
s8theresygh configuration.

The disclosed embodiments may be applied to any one or combinations of
the following technologies: Code Division Multiple Access (CDMA) systems, Multiple-
Carrier CDMA (MC-CDMA), Wideband CDMA (W-CDMA), High-Speed Downlink
Packet Access (HSDPA), Time Division Multiple Access (TDMA) systems, Frequency
Division Multiple Access (FDMA) systems, and Orthogonal Frequency Division
Multiple Access (OFDMA) systems.

It should be noted that the methods described herein may be implemented on

a variety of communication hardware, processors and systems known by ome of



[0066] It should be noted that the nethods described
herein may be inplenented on a variety of

wa@eowaaiseat i on hardware, processors and syst enBCRNS2N5/023333

[0069]

[0070]

[0071]

by one of ordinary skill in the art. For exanple, the
general requirenment for the chkent to operate as

described herein is that the client has a display to
airdiphryyskidbint thatartarkbrienfmplenthecgeneral prqoemewrfor ghe client to operate

cont r ol e operation of the client and,a [ -

S0 e P80 B bhEr s 8 R Y B,
th&ceSddr @B contBl @RCopdiR@s BEMe clidi@ aaldi £Mendiydor storing data and
cel lul ar phone. In another enbodi nent, the crient is a

Iavgthisk deletsdpiot e dpatiting fohmelieeiat bege caPpLBImGY, Bg client is a
I n.yet another enfhodi nent €e,Cl 1€ N .
R aPORL S SEERE RS LU %, BuRBRRPCahpucr havin
addinhirdhtionIcdpibiletiucin ast an@Rer eabedinesnt,miy déent is a personal
i ncor porated as necessary in the client to inplenment
ltqaélwmr havisg epBwnipeHPRs capprilities i ous i1l ustrative

ogi cs, i I . :£S, C{ it ireui
descri be H? n%g-lc?ﬁl Eegﬁggﬁuﬁ)? ﬁéltgﬁelog%édﬂiﬂﬁg%t’ sﬁlgfiglg?’ogré% cireutts
hizs@ibed imyomeciiopivitheht edbatimeetsfdxchsdd hetein maygbaanplemented or
pur pose processor, a digital signal processo DSP
?%?ﬂgﬁaﬁ Ul Gnesiin ieSienpgratod CE Bl e TG @Rss; (DSP), an
dApBliChiRh QPEATHRRE &2 @8 cfredit (AYIE)FRERNd Poghinfififble gat FPGA
plpgératlmmgée I ogi%radevi ge, I’(di sc)r ete ggltroe or trgr%giesingy( )
|argitier prdgemstablenapidvieyisecdispoiecgatesor wansisigr logic, discrete hardware

conbi nation thereof. designed.t.0.perfor ' .
FOTEPHY Hetei %qrglﬂn%_boﬁ]eﬁgfep bars s tg)r %Qgéols?lgl o{hg rr‘)rf%l/étﬁ)g§ gescribed
Mepdif P SEFFALpurpdbe prodesiditandl bek maiciopeoceisoe, fitoimeths alternative,
may be any conventional processor, contrgller,

rHhe DERSPROF ahavebe amy CeRVARRONH PRIGTESOTACQIIgHEs JyjFraggyiroller, or state
alse.be i ed_as ' ' i :
SRS, TSR oy, ETgIALl QL 2L O of compuung
nde§/icep! eqes s0icombirpkivn abf ty DEP nimed aproeegsoressorore wurality of
nore mcroprocessors in conjunction with a DSP

GPICERRORPHUP. 6 R TEORATIGIPHGCERIS [POTEHICHAR TNt PSBesgre. or any

efhadi, %%Pax ke applied to any one or conbinations
o(#mt heafg&%rﬁl nlg(]) technol ogi es: Code Division Miltiple
Access ( TheMtepsy of enmettddl br pllgoritiBar déseribe@Dian connection with the

(M , Wdeband CDVA (W . H.gh- Speed |.i
b A SRE R Y Y SRR il DO RO sotware
(AN RYASTBy 2 [Pr&RUIRRCHr A ¥ bohbinafibtl bi HeetwAC CASD tware module
(FDMA) systens, and Othogonal Frequency Division

Niky inoside Aoc BLeVI( mEDRNY, B9t erpmory ey EFRGEM. memory,
at _the nethods .d rib i N oAy,

TR abhRerioph: HEVR, B R8sk RS Ui, CRABOM, or any othes

PloB6 &F SR SpeAfediGySinoWa i gyt b in@rempfaoy storee yneskirhlis coupled to

in the art. For exanple, the general requirenent for
t the pPEqcesset. sugh gﬁé;}mnlgocessor can %ead informatign from, and write information

to, the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

The description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the invention. Various modifications to these
embodiments may be readily apparent to those skilled in the art, and the generic

principles defined herein may be applied to other embodiments, e.g., in an instant



as described herein is that the client has a display
to display content and information, a processor to

w@ombneis2t he operation of the client and a nmenpepUSN5/023333

storing data and prograns related to the operation of

the client. In one enbodinent jgthe client is a

cel lular phone. In another enbodinent, the client is a
haesdigihgl senyimeutreanyh geriena \&Mnﬂ&tambmmmiaﬂ)pma@@ns without

Brie LTSt se treotteo Cogone il “TBG e scope of e

TREcritoh QY ot InkdhSibd & by BnliRdité $he éBBbdERMEente|sBEKS herein but is to be
modul es, and circuits described in connection with the

exbudedtin widglseope sanyigiensi Withrilye pandipips endmpwr) feptures disclosed

eelré%lgl m@? 5 (51 “?xe?%%yal is AItERQ §(Slu ]{Vg@ ﬁesrgirn tof m%blg"lsgjvmg as an

Or

€550 anap
ldibﬁ@le@hﬁﬁbn@dz o Ulustrauesl. ’C)Anyaerﬁbﬂxderﬁrdagfrﬁﬁmbfeﬁx getteremplary” is
array FPGA&égr ot her praogrammabl e | ogi ¢ devi ce,
d1og e@@ﬁs@n@a ed‘ronﬁtrlsﬁﬁisqs%&%nt@&?@%ovealo embodimeditar e
conponents, or any conbination thereof designed to
performthe functions described herein. A
gener al - pur pose processor may be a m croprocessor,
but, in the alternative, the processor may be any
conventi onal processor, controller, mcrocontroller,
or state machi ne. A processor may al so be inpl enent ed
as a conbi nati on of computing devices, e.g., a
conmbi nation of a DSP and a microprocessor, a plurality
of m croprocessors, one or nore m Croprocessors in
conjunction with a DSP core, or any other such
configuration. [0070] The steps of a nethod or
al gorithm descri bed in connection with the enbodi nents
di scl osed herein may be enbodied directly in hardware,
in a .software nodul e executed by a processor, or in a
conmbi nation of the two. A software nodul e may reside
in RAM nenory, flash nmenory, ROM nenory, EPROM nenory, .
EEPROM nenory, registers, a hard disk, a renovable
di sk, a CO-ROM or any other form of storage nedi um
known in the art. An exenplary storage nmediumis
coupled to the processor, such that the processor can
read information from and wite information to, the
storage nedium In the alternative, the storage nmedi um
may be integral to the processor. The processor and
the storage nmediummay reside in an ASIC. The ASIC may
reside in a user termnal. In the alternative, the
processor and the storage nmedi um nay reside as
di screte conponents in a user termnal. [0071] The
description of the disclosed enbodi nents is provided
to enabl e any



person skilled in the art to make or use the
i nvention. Various nodifications to these enbodi nents

worayeloe7seeadi |y apparent to those skilled in tPer/as1005/023333

and the generic principles defined herein may be
applied to other enbodinents, {.9., in an

i nst ant nessagi ng service or any general w rel ess data
communi cation applications, wthout departing fromthe
spirit or scope of the descgtgi nmbodi ments. Thus,

t he scope of the descriptio ot intended to be
WwaArr tpaAlEperyodi nents shown herein but is to be
accorded the w dest scope consistent with the
principles and novel features disclosed herein. The

vor d " £XRERJdE0Y decdoing $OHIQ e, R Inlethed &drpringrean
"serving as an exanple, instance, or illustration." ]
Any erpaditioning thdeddaoi dtesamhiatoed mairs layesearing p plurplitypftmain layer

ecessarjly. to nstrued as advan .
RO, Attt R R e B R PLARG B s Sl
decodiif@rlMingeCfrahd R8dTp EdtR eIt TR U MphE iang:
partitioning the video streaminto a nmain |ayer havjng .
a pl ureareding gre phanakity efympinflpyeriames iythe maip ddiep &ltélttﬁ‘a assistance
I . ' L.ty of interpolated |ayer franes;
ioﬁiﬁg‘“{lﬁlgﬁ?%élgt%%%gﬂquar%br ate up conversion (FRUC) frane;
and encoding the plurality of main layer franmes in the
i n | Bheemethbd lof chémals silstanderefs & lose-torbre pditamekip among each
FRUC frape. 2. The net ho aim1l, wherein there is
dn%}Hé@X"ngﬁ‘S apgleﬁ% Rﬂ%@ﬁﬁagFgﬁﬁ%afB%ch main | ayer frame
and each potential FRUC frane. 3. The nethod of claim
B. wheri Rethb8 RGN 1,20BeERNBE IR0 finicdepRatly us taedconstructed
current frame and a stored previous frame. 4. The
respispidirane andi proted pipEees famBai d i nt er pol ati ng the FRUC
frame conprises interpolating the FRUC frame at the
same tq ' .of  t :0- i ;
7 e, T b ASh B Dl R R BTG Hame comries
rihtefpdlating thé FRBIChThay er the sane Smerindtheerdithe toeheeancoddacmain layer
t he assi stance of the interpolated FRUC frane
é@ﬁﬁ?ises perform ng a node-sel ecti on process of a
macr obl ock of one interpolated |ayer frame in the
3. ur al tHeym@thod BF 8faRAl124@eehPYfd ehdoRRSpluflity of main layer frames in
conput er - r eadabl e nedi um having instructions stored )
ttherweim, layee witbribd pssistangetofoms inmelaskdiRéd Hpmg comprises

etgTg ariiade R MRS REr hut RoRE SRR BTRotes ek frame in

the plurality of interpolated layer frames.

6. A computer-readable medium having instructions stored thereon, the stored
instructions, when executed by a processor, cause the processor to perform a method for
encoding a video stream, the method comprising:

partitioning the video stream into a main layer having a plurality of main layer
frames, and an interpolated layer having a plurality of interpolated layer frames;

interpolating a frame rate up conversion (FRUC) frame; and

encoding the plurality of main layer frames in the main layer with the assistance

of the interpolated FRUC frame.



partitioning the video streaminto a main |ayer having
a plurality of main |ayer franes, and an interpol ated
wo ayeno1savi ng a plurality of interpol ated | ayepCT/Us2me5023333
interpolating a frame rate up conversion (FRUC) frane;
and encoding the plurality of jgrmain | ayer frames in the
main | ayer with the assistance of the interpolated
FRUC fThanmmputeFtreadablep medivm exfdelbine Grewhermnothess a5 i gne-to-one
erein there is a one-tQ-one relati 0| ach
g s B ke ot aledh bRRTR R RdgRe T
conput er -readabl e nedi um of claim®6, wherein the FRUC
fgr ane Tde poNpEteReadable cAEE i Uit @ainc 6) wharkinf tharfR @@ drame depends
stored previous frane. 9. The conputer-readabl e nmedi um
oh agpeanirectedpiETeat fraggiand ptass B RICrH §2Fe FRUC frane
conprises interpolating the FRUC franme at the sane
i me . . .
T T e e R O R TP Ao MBI il TRing the FRUC
dfarenmadirisgs piterpalatiby thef FRECrdnae atr the samre sinheninstaacarad e to-be-
| ayer with the assistance of the interpolated FRUC
FP%ﬂi%déQ%‘b]raiy%re@alﬁ%rform ng a node-sel ection process of
a macrobl ock of one interpolated |ayer frame in the

Rbur akink Yeopfputdteadidlea hRdivn® b€ lcldithagewherdih. ofABncoding plurality of
apparatus for encodi ngﬁ a video stream conpr.i si ng:

1 Si ng:
ez dayeoframes i the onaim lpyehwith ithfetssistanenpd the tl@ewogﬁéf?%FRUC frame

| ayer. havi ' ' r
B Db Bl TR B S B5k SO Aol

@) Frafne @R, pluraAnySoffinerpohitat agtreftimeg. a frame rate up
conversion (FRUC) franme; and neans for encoding the

plurality of n layer frames in the main layer with
e adyt dpATLS 10T CARETER UARLTECBEBRECTS ane, 12, The

appar ghdiss @br SdrdfitRing theMIBES bitednd §i6 al Raift 1978 HaOim@Neplurality of
rel ationship anong each main |ayer franme and each
madieNayealfraARISCald angntet®latdthdayep pavias s ploralidy gif pnterpolated layer
glner ein the FRUC frame depends on a reconstructed

#%nt frane and a stored previous frame. 14. The

appar ahdass fr igteomtihk.a i Ritdupcdivanionf @RUC) frame; and
interpol ating the FRUC frame conprises neans for

i nt er pedaas fargneeding Mo lpraliteolapaindeyes Apmes inhe; R dxes with the
of .t.he tahe-. | er frame. 15. The
aaﬁsﬁ%}?%ctel?gp%efmge?éoﬁ%ggf@v@grh@éh the neans for encoding

plurality of main
12.  The apparatus of claim 11, wherein there is a one-to-one relationship among

each main layer frame and each potential FRUC frame.

13.  The apparatus of claim 11, wherein the FRUC frame depends on a reconstructed

current frame and a stored previous frame.

14.  The apparatus of claim 11, wherein a means for interpolating the FRUC frame
comprises means for interpolating the FRUC frame at the same time instance of the to-

be-encoded main layer frame.

15.  The apparatus of claim 11, wherein the means for encoding plurality of main
layer frames in the main layer with the assistance of the interpolated FRUC frame
comprises means for performing a mode-selection process of a macroblock of one

interpolated layer frame in the plurality of interpolated layer frames.



| ayer frames in the main layer with the assistance of
the interpolated FRUC frame conprises neans for

wW@eoobo0TseNg a node- sel ection process of a nacrpdl/08008623333

one interpolated layer frame in the plurality of

i nterpol ated [ ayer franes. 16. {4 vi deo-encoder

processor receiving a video stream the video encoder

dboces's ovidewenmoidsi myoceasdrr easeivingt & jflegonireds, ghe video encoder

((?FRUC nodul.e, the FRUC nodul e generating a plurality
OGERGECPIMBIHAS T r om t he received video stream a rate

di st orgt fr@ie GagtupHAveREdn) (RRUCH ndtdul) o FRIVC emudoliee denerating a

to the FRUC nodul e, the RD__cost cal cul ati on nodul e

rpduralityiof FRU{e iamgs siom the ssceprigidep 4ifeaMand cal cul ati ng

aF fra |o : r K:d
one oft THe Ttk ahC 6 FReLAS0 RARERBR AqlRE] AlpRidkid fhe FRUC
desdusd, ahe ROXtbe @tuupdted mhodilbeedeDicp e Watatity af FBRUC frames and
nodul e, the node decisjon nodul e confi@%ured %@&&% are

b

wAlsuftipg vk FameoBRIERIORD Ridstoshiasd om & mac nogpe of the
iﬁgurgﬁ]@ OquEg sRbdEaljgty of FRUC franes to a B frane
crobl oc ’

) cost” for a correspondi ng nacrobl ock in a
cor r egpandd deriSod maxdele donpledie the BEn.cesicabiatation aueidens the mode

dereioa madit ottt Qomic: g e parcBIHdeh Rpfashgased on the
fiRicréBloQUinRsHe ofi tHE ghﬁmﬁ?aﬁmm fiahRs o f B RmeBsiRtBloaKRD_cost

RD cost based on the macroblock in one of the

gbua edriaspongtingRaobloghkds 2 cerr¢sparding Bdiartthe B frame

macr obl ock RD cost for the correspondi ng macrobl ock in

t COLI ondi . T ' 882 Hecisi dule i
et G AR i ml T MR Rt rpon mosue
duahdaionfipied Bo t¢lacten Bficademcoding madderfgr ameutput video stream when

corresponding B frane. 19. The vi deo-encoder processo .

e B e TeRcrqtlpatn R costypet iy e aoBPChRS P06 (e plurality of

gj&}fg:@ rfﬁgﬁ% & §@ﬁ)ﬁr gﬁhctﬂl: 3 Qe RAULBI0E0 WD &Dsi Rr thE€ corresponding
nodul e, the to

AD cal cul ati on nodul e confi gured
aaiarobblatleinahSédraspbudngpBSeneon t he nmacr obl ock i n one
of the plurality of FRUC frames and a SAD val ue for

the carrespondi ng nmacr obl ock,i.n .th orre in

e s bGPt P ol Pt SRRAT B ffame cncoder
WheBGtdind élf%o&&%eﬁéﬂaﬁﬂé fHel cORespRRMING B fagenfigured to
calculate a difference of the SAD val ue based on the

macr obl ock in one of the pl uralitg‘ of FRUC franmes and
tie SAfheyvflerencofon precesser disHymtl Ui GBISSKE hsyipef-absolute

CRFLERO0 3@!'@5’2 @al@lél%ﬁ@n AB&LIL OcSipiBRRE hReFRIUC §h6MAE the SAD
to a preadetermne
calculation module configured to calculate a SAD value based on the macroblock in one
of the plurality of FRUC frames and a SAD value for the corresponding macroblock in

the corresponding B frame.

20.  The video encoder processor of claim 19, wherein the SAD calculation module
is configured to calculate a difference of the SAD value based on the macroblock in one
of the plurality of FRUC frames and the SAD value for the corresponding macroblock
in the corresponding B frame, and to compare the difference to a predetermined
threshold, the SAD calculation module generating a single bit to indicate a F frame

mode if the difference is lower than the predetermined threshold.
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