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[00021 The present invention relates generally to video compression, and more

particularly, to a method and apparatus for using Frame Rate Up Conversion (FRUC)
techniques in scalable video coding.

[0003]

Background

[0004] Rate adaptation in video and audio compression has typically been achieved
through scalability (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 vaniable bandwidths to the server. The server
then delivers the appropriate stream based on the network conditions and/or the target
audience.

{0005] 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
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techni que provides the best solution in tenporal FRUC applications.
However, it is desirable to optim ze the inplenentation of FRUC techniques
on the decoder while minimzing the bit-rate of the video stream SUWARY

[ 0006] Vari VB2WpPY&Eches for using FRUC techni ques in s®aTAERESH2388B0
coding, and specifically, enabling the integration of FRUC conpression

t echni ques on the encoder si de al so refélrred to as encoder assi sted- FRUC
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i nt erpol ati ng t%ﬁ%nﬁmmhaﬁ%m dehilegpipboizing theRit-pis odhs YigeQsirsgmi n | ayer
frames in the min layer with the assistance of the interpolated FRUC
frame. [0008] In another enbodi nent, EA-FRUC is inplenented as a

conput er -readabl e nedi um havi ng i nst r¢gtagRRySt ored thereon, the stored

i nstructions, when executed by a processor, cause the processor to perform
a net hod[0b@s] encodi ngVarionk cpprogthee don usiinge FRIVEY teokhiques|in dealatlh evidebeqrdingf
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layer franes; entddef pideablsd geforréd &Mls eAdode RssRRIAVFRTSC QBACRRUC), ¢ dseribend,
encoding the plurality of main layer frames in the main |ayer with the
assi stance of 'ER&. | nt er pol ated FRUC frame. [0009] In still yet another

embodi Mefahgy) t he Syst emgng oiBRERIRD b HtkiR? f6r éHcQ&H%a%{EEB‘é&EaanfeﬁﬁésséﬂE steps
receiving a video stream The vidéo encoder procéssor including a frane
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macr obl ock D cost based on the macroblock 1in one of the plurality of FRUC

frames to a B Mgdiyp havdes g@ngm@nmgqgghemm thg stored instructions, when executed by a

processor, cause the processor to perform a method for encoding a video stream. The
method includes the steps of 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.

[0009] In still yet another embodiment, the system is implemented as a video
encoder processor receiving a video stream. 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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[0015] FIG 4TS agra an encodi ng system configured in
accordance wth one enbodinent; [0016] FIG 5 is a flow diagram of a nethod
for node selection for encoding in accordance with one enbodi nent; [0017]
FIG 6 is a diagramill ustBRIENDESCRIPTIONOETHEDBRAWINGShene configured in

accor dan w th one odi ment, where an enhancenent | r has been encoded
with th@gﬁési stanceeﬁg EREHIY éws;be[g’@%feq%ﬂ& “#WOO}V%YOW%W&QNW a
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an access poi pt..0f i Y [ 0020] Like nunerals refer to |ike
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[0013] FIG. 2 is a diagram illustrating an encoding scheme configured in
accordance with one embodiment, where a main layer has been encoded with the
assistance of FRUC frames;

[0014] FIG. 3 is a flow diagram of a method for encoding the base layer with the
assistance of FRUC frames in accordance with one embodiment;

{0015} FIG. 4 is a block diagram of an encoding system configured in accordance
with one embodiment;

[0016] FIG. 5 is a flow diagram of a method for mode selection for enceding in
accordance with one embodiment;

(0017} 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;

[0018]) 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,

[0019] FIG. 8 is a block diagram of an access terminal and an access point of a
wireless system.

[6020] Like numerals refer to like elements throughout the drawings.



4 DETAI LED DESCRI PTI ON [ 0021] Al though the FRUC technique is typically used
on the decoder side, it can be extended to the encoder side. Specifically,
it is useful to utilize the FRUC frane as an additional prediction node for
the notion conpensated franme. By adding an extra prediction node for the

i nter-predi YRAVPOEAE bit-rate savings can be achi eved. PCA/USRINSP233%30r dS,
conpression ratios for the same reconstructed visual quality can be

i nproved. [0022] For standards-based vided encodi ng, the bit-stream syntax

has to be augnented due to the j {] extra FRUC node.
However, conpliance to standar dbwﬁﬁggﬁcéﬁ§ggh?ﬁ®ned by flagging the use
of FRUC jomypr edi ct ed Alﬂ%@tﬂeﬂd@tecﬂﬁ@ﬁei@@p&aﬂh@bdﬁ N thSUSRE R, Alcan be

Enhancenent | nformation ) fields as in the 264 video codi ng standard

pronul gat ed byxteaded taths tngpedaide. Topabeathuiiiituierid e uiligeghe FRUC frame as an
Tel ecomuni Catah(g‘ﬂcﬁna?taﬂélﬁ@{oﬂ! %84d g:g‘ e Hdton .(clo;ﬁﬁéﬂ-s)ated-ri?érﬁe.f %Mﬂﬁh n extra.

particularly “advantdgeous in video transm ssron systens re the
function i s perddintioe dadoy forttheintkerquetbeted frame, bérratechus gocanbetachms yedwie pther

nmodi fi cations todthe vi deo decodey are gos%iflblfﬁv. S ang.to nefit d

si gni fi cant | y WY SPRRCHIONPUSSIAY e SYRC BEANRPUES VAR QU N SFESIRo vEd:

ef fici enpy22)[ 0023] OFdr h@atiReRdREedS ivitRo &fRoding @Rl \bith@rehme syntan$gd teb ebk
bit-streans and the reconstructed Intra-Picture (1)/Prediction-Picture (P)

(UP) franes, tHEmERIcdye feribe infraductian &frthe PerebR UL mpda. Alpwener semeliange fhi ques
adopt ed on t heg,8RGQdGH St e rlaﬁeugggrag%gg%ﬁée pf FROT ihSrafcid #ehadnhpsed on

both the reconstructed |/P franes frame of © the same tine

i nstance. As lussrefatastieléh or SuppementiiEnarcemeniulnfdrinzden (SEIDbelds ehén hedbed@d  and
encoder sides, .there. w|| n ror drd £t prohl , . An.al ternate
application of "the™ ?gtséarﬁd\;\%uw%n@éga?eﬁl R cafa Feén a@?ﬁ@oﬂgﬁfl%g&% rgént léﬁrgr’por al
scal abi lity i Sekophmyridatiche nBtapdaedizaion vBectora(T®s; T)parThic dbandeyisBparticularly

directional predicted/interpolated picture franmes ar ransmtted in the
enhancenent  1PAYASAESHHIN VR ST SIS Wik OB oHLPhE TSHSE Ny . | n
such a scenarimg, déchdiheruiepans@aaRlemaielerd nddfiicaliffeioVal Rdeo’ REMRELRD, the
frame rate of the reconstructed video at the decoder is |ower than the

source frane massble,Setand g bavefitlisigneficantly dn t§fms of FiReIEDTssiove bandyidhBaid ame
it Ret gef lrog?rg It %%g]glgregﬁ%&gi@w_ e reconstruction of a close approxination of
g at "t he decoder. Results show that the cost of the
di ffereno0zy (in bitn ite deqded sidgnigon feedengrbe henosittdd eit-stwesms apache t he
bit rate of  base | ayan vif1e0r. IR dbe bl ) G 5l SPHREE Al L1 ©
interpolated utilizing the same techniques adopted on the encoder side. The inter-frame
is then reconstructed based on both the reconstructed I/P frames and the FRUC frame of
the same time instance. As long as the same technique is utilized in both the decoder
and encoder sides, there will be no error or drift problems.
{0024] An alternate application of the system would be in scalable video coding.
When temporal scalability is employed, some predictive frames, particularly Bi-
directional predicted/interpolated picture frames are transmitted in the enhancement
layer; and I and P frames are transmitted in the base layer. In such 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 differentizal 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



true B frame, through thresholding (or quantization) to limt information to
prom nent regions (e.g., holes that cannot be reconstructed by FRUC), or as
a refinement to knowmn WO 2006/ 007527 PCT/ US2005/ 023333 5 FRUC net hods
(e.g., true notion vector data or quantized true notion vector data).

Agai n, such VP R$¥08PERET al information can be carried in " E&EUSANFARIE el ds of
standard syntax or in SElI fields as in the H 264 standard. [0025] Based on
the availability of the decoder resources,5 different FRUC techni ques can be

sel ect ed base e of co na e

note is that %@3 ghocdﬁqr'g W5 SR ”P%g ?ﬁ%‘faflg%a éue }éotlon VE i 8at%)od| ng
a B frane si n@@nFBhEb diffepdnivial irSorakion Eambei"mimrl 1f1|‘1u‘sﬁrdaf§g’ fields oD kiandard
estimation (ME) on a %ﬁdlé per ent%gTe of the frane, in a relatively small
search space; Sé(%taEB’h‘BagrEé eds apint {39t noti on conpensation (M) on all
nacr obl ofglyss; (Somet i M, ERT & tth@“av@ﬂﬁnht@hf QRe CRUBER S AlsbitBes( '\@fé%tc'mbj@c‘(
(MB)) of the B frame. FRUC offers granularity in conplexity |evels based on
the |evel of redhniqeeesin bedolseted basgd o dhnirsdagiestof computaonat peroplaxity. f4 apit at
the smal | cost, of VI I I [ 6 P

conput at i onal It y trltg a)%p%%@\?@ gﬂlgnq‘%@l?dsa{erl;%sm%%h&% b?ﬁ &é%e@%g?%g?%%g Iaeast
expensi ve of tifene sce FRUYPaEObES itmpleSor I- tmptfﬂmeﬁng aghmndtiorsdstiatded(MEDwent age

of the systemang its extepsion to scalahle video coding is in sav n
Conput at | onal SEPUITSECAREE Phite et dBIAT IRy STHIISHARSPE=uBY FURRTLR i

translates to dileORGer mokieh eoHpHatidnaVC) é RS maemmeies @889 mommp@m@r
savings is realized irresp ec]gl ve of whet her B franme is received or not

as, based on eW%anaﬁ‘P@PW%ﬂ(@s (Mq}@&acﬁé?é%ewé)n oEBesB framgecdHIE heffes f r ane
or reconstruct f S
from the diffdran ﬁ‘d&%ﬁ’f‘gd%ﬁ%ﬁ asegf:@g%f@afii%%E@%ﬂhe%t%ég%ﬁggﬂ{
classified bastbejmmmnedwiaélamemgthccsnmﬂubsitofsmmatdl quditpl exity: [0028] 1.

Non- not i onpensat thms such as, fra repetition_an r ane

ver agi nGP240000] 2. < EYE b PGS B CorBHRCD BT ReRBF AP HERES e

wi t hout M prlmlaﬂ«gthe[l&@w)lpeﬁswdva theitlirbe MyePbOERHEI. NG thRNEgard,Ma3bHed! -
Seeded ME assisted MCI _with W processing. [0032] Any of the above FRUC

assi st ed encodidiptagsceinthgueysican e inergisianeép wralaple video coding is in saving

computational cycles and thus valuable power in handheld devices (which translates to

longer standby and talk times in such devices). The power savings is realized
irrespective of whether a B frame is received or not as, based on available cycles, the
decoder can choose to decode the B frame or reconstruct an interpolated frame through

FRUC and apply refinements from the differential data.

[0027] Block based FRUC algorithms can be classified based on increasing
computational complexity:

[0028] 1. Non-motion compensated algorithms such as frame repetition and frame
averaging;

[0029] 2. Bi-linear motion compensated interpolation (MCI)} without MV
processing;

[0030] 3. MCI with MV processing; and,

[0031)] 4. Seeded ME assisted MCI with MV processing.

[0032] 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 containg less important data

that is subject to a larger transmission error rate.



| ayering coding techni ques. Rate adaptation of the transm ssion channel can
be achieved by | ayering coding. The base-layer of conpressed bit stream
usually conprises nore inportant data, and the enhancenent | ayer contains

| ess inmportant data that is subject to a |arger transm ssion error rate. WO
2006/ 007527 YWEHW6RPY5/ 023333 6 [0033] In one enbodi mentPCTIUS2405/03383%f er abl e
that the base-layer bit streamis standards conpliant, and the

enhancement -1 ayer bit streamis allowed ta be dropped when the transm ssion

bandw dt h _decrease bel ow a certain. threshold, Under this scenario, it /s
desi rabl WOT: [ 0034] 1O &RPPETGRS HSPERRCRIA e thy 956 1eNE bl SLEAR ptndards

base-l ayer fragpplididand®Hiahheirementliayee bifl iRERS]si dMotes o deWRYpPeBathehhBEe S
a one-to-one relationship anon each enhancenent frame and each potenti al

FRUC frame, [Oo®spission dardyyethtdeerepiestelovapaertaip dhiesholdiniader Gmsenasint itys
[0036] 3. interpohatie. a FRUC frame at the sane time instance as the

t o- be- encoded enhancenent frane, and, [0037] 4. encode the enhancenent
frane baiéfijon the i nl.epmtitian etle FRkdhihyg afrene QRIS ifloe biwedeyeart famés tahd S

h twp folds. First, by introduci t i Ct.i. de f
The. onhancenmrfhEgEr A & st GOLTAAPROR 8 APt PREFTRANGARENE

layer will incheasRanchiéss frifé atl dabl péledtBRRUTCSdn@) bandwi dtl ' a, the .
possibility of dropping the enhancenent |ayer bit streamis decreased as it

becomes OftMe unlikeld errede thedagminserdevnertandardepmplitntl r eam wi | | exceed the
Lhreshol gogh the U1 a5HissbaR J G WS 1BSaRD IARGAIEIE ol BYE-bllchlodd®

dr opped. nd, howeve ven 1t the enhancenent |ayer Blt stream has to
be dropped undehadegemrtdiamg, erdansm ssion conditions, due to the way the

base-| ay nd enhancenent -l ayer. franes .are.partitioned a i ned

her ei n, @h%ﬁdec oder cn®%odf ﬁ}ér‘:’gb@r‘iglnﬁstémfr}‘?gg?ﬁdsoé’i th@“ﬁ%{ﬂ%{ﬁ%‘iﬁ@ﬁ’g t‘I%laa“f/eer
frame byfooegl aci ng t hEB Wintfitsion tigs Psredcddrd R Foldsamst, HyQRB&uchlgGne lextra
illustrates a copventional two-layered encodi ng schene of a video _sequence
106, i ncl udi ngT&#BR8e™PLSy dpr ke cRERICHRFTIE NAYH clEtRht P aSERPETPN 1aUGNYT PI% r anes
such as P franggaptldedNydrl $ilifcrBALL | trh&g,]q:gl]; tao_figé’:f @rah@MBfior WndWi@et Qnd hei r

inportance for the corréct reconstruction of video sequence 106, while the
| ess i npor t antpoBsibilitynelsdropping the ehanecampant layer bistrdaniin desrhasad epdhbecomper

102, 0 e Bl 3R ORE e i [SEORFLEUEE LA RLoSABRERER os S
transmission rate where the enhancement layer will be dropped. Second, however, even
if the enhancement layer bit stream has to be dropped under degrading transmission
conditions, due to the way the base-layer and enhancement-layer frames are partitioned,
as explained herein, the decoder can still regenerate the missing enhancement layer
frame by replacing them with interpolated FRUC frames.

[0039] FIG. 1 illustrates a conventional two-layered encoding scheme of a video
sequence 106, including a base layer 104 and an enhancement layer 102. 1 and P frames
such as P frames 112 and 114 are partitioned to base layer 104 due to their importance
for the correct reconstruction of video sequence 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.

{0040} 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



reconstructed base-layer frames in base | ayer 104, but does not depend on
the reconstructed frames in enhancenent |ayer 102. Specifically, B franes

i n enhancenent |ayer 102 are not used as a reference for tenporal
prediction of the frame in base |layer 104, although B franes can be used to
predi ct fut JYQZUB6PY7aes. [0040] FIG 2 illustrates a vi dBETAEHEPBE33206
encoded in accordance with one enbodi nent of an encodi ng schene, where an |
frame 212 is a standard Infra frane (a frame that does not undergo tenpora
prediction) a P frane i ndard 2006/ 007527 PCLLUS200 23333
B oredi cted f nargerendhBle AF deihi v SRS s, ISP RL L TR IR BBt 1 <
encoded t hr ougfougimhe wseofodn iARrpotel Ipgraded | ayer 204. [0041] PF frane 216
are P-franmes where a FRUC interpolated frane is_used as 02 of the multiple

referencEOiict ures. POF Tawa b are H=frames whaie 2 FRUG inferplated e 19 peedips @ne £ or
PF FRM 216. | ny Ql%nx?x Evrcf’e%c@ bﬁ:ﬂﬁi@r FoR RBRIRRE FRISE $RIM Ems%l%fe%&c%&ﬁtﬂgl y

reference picture frames: Thus, 1n one enbodi nent, a i's used
as a referender BFCF:RMeZIG(ar Irn'aolrtraIShyl!;fr stdedaodiiapproadh ises dr FRMaZ Bd af thenerdy

[0042] BF frames a Plc ure 0rlr_e?ﬁrhaw n?%‘ﬁgﬁﬁgo%n%&d’%ﬁeg{teg M’all% Roe of the

mul tiple ref er’ r%e re erence prc it és for
BF frames rrayrcfemwphetuwmﬁraxmy@ defoding dB.intEtpoRteddtanidk. f r anes. For exanpl e,
BF frame 214 is a B—%rama haV| an FRUC ig,h@r(gol at ed frarre 222 as o e of
the mul t [98F%2 ref er encB? ffﬁ“&?ﬁﬂ“"e -IraRes Rving ipgerpelatgd drames A qpg\Af

FRUC i nt er pol ah@ fe&aeﬁné’@;ﬁcﬁﬁesoriﬁus moﬁefh@nwahﬁérplrefefe%@pﬁﬁﬁ@ {8} BE WafSs I n
contrast, even though standard B (Bi-directional) predicted frames may have

mul tipl e ref ereficiaciie oag @rsmonehééeB,r%fPé’r@rﬁi%fr@me& urassxamplp. BF fremgdd4iis aB or
P frames. [00 e r r t o]
frames that af%krafp%ir%e%% r@e@ gk ranes V\ﬁS {)lﬁ"eﬁé%'%‘. ienraf)o nfgt(gd r%xnrgéle Jeﬁ‘}

ref erence pi ctpictes; ahll BF, frdmd 218 iPh B-frame avamglarBFR UCantepohutas mmdﬂ% aﬁsmaeres.

I n one enbodl nt , e ref erenc |ctures re used,f he. predi.ction
of  Tranve. 10 Gl o EROEPEHTEY ot FrGH (o g Do agnosed BT g onas
reference pi cguécﬁctb@ Rk mdy v rRsllipib iroferedfe Pictura®ose Tereich&d pictdd® onty
architecture scri bed herein enconpasses an approach where a portion of

FRUC int erpolla%lé‘éPIfBa)ﬂf@sffql%esused as references, such as using only specific
imra\tccra?glolo te 1£\r,\2|rr;h ”%%i%?n% glﬁgrelﬂ{ Itgés]%[rr%lt ﬁﬂﬁ?ﬁgm?ﬁ%ﬁ gcgrgf%agﬁan exerrpl ary
FRUC encodi ng predicted frames with FRUC interpolated frames used as reference pictures. Thus, both
PF frames and BF frames are both F frames. In one embodiment, multiple reference
pictures are used for the prediction of F frames. In addition, FRUC interpolated frames
may be the only reference picture used for the prediction of F frames. Further, the
architecture described herein encompasses an approach where a portion of FRUC
interpolated frames is used as references, such as using only specific macroblocks
(which may be blocks of any size or shape) from the FRUC interpolated frame.
[0044] FIG. 3 illustrates a flow diagram of an exemplary FRUC encoding process
for the bitstream described above in FIG. 2. In step 302, the incoming media (video)
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



for the bitstream descri bed above in FIG 2. In step 302, the incom ng nedia
(video) sequence is partitioned into F franes and non F frames, where F
franes are PF and BF frames, as described above, and non-F franmes are |, B
or P franes. In one enbodinent, there is a one-to-one relationship anong
each F frameVaRPSHE potential FRUC frame. |n other entREATUSANNE2338he rati o
of enhancenent franmes to potential FRUC frame does not have to have a
one-to-one correspondence. Once the vi deo 8&equence has been partitioned,

operation conti pues vvlth step 304 er e t FE frames are enc d based
on the standaFBMaoqeBg rf&“%echghﬂ %@E‘&O Rgft, &?;%[F% frat‘??e“‘@?ﬁd‘leﬁed‘ds‘f”aﬁgﬁ e as
pronul gat ed i Redoh§inicied@ArrSitIRGRT Md MRYs:d6d pheedus Ramb hesRr BABodimbALR RS uselhen,
in step 306, a FRUC frame is interpolated at the sanme tinme instance of the
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frane and the sto ous rame use
FRUC al gori t hldstadﬁhmrthds)éehcammreof HIG. 4t dpug@se td the afvmaabﬂsy nﬁt}mrﬂlU(érﬁ‘ramncenent

I ded t .h I nt e,
dot i 1 o i n 't A8 cHEBETEEEAORT C pasyer 8 seifusd BRRLESORIPLERPR U ne
FRUC frame, RhiePaEra predi ction node (FRUC node) can be selected for the

prediction franes in the main Iayer%}0045 FIG 4 i]lustrates an encoder
bl ock di @8#5am conf i gUifSd 4iiHusiates 28 8 eat%hm aceoipneg | Wih 5 p

frame det ect ondQRuEkRn RARILS o & MEHL S6aAE dd &g&ﬁm ewtfanfi apdn P or

B frame encoder encodes th rame and a variab | engt Ing (VLO
encoder 406 gdneratison ahithat Biframesenceden 40drentédes e fraed aﬁd@rvaﬁalﬂcmfto

out put in an qut.pu [ stre 404. The t|on vetorsfor e Bfrarre
are stored iﬁ"‘%‘»ﬁ%hﬁﬁbf@’@f’% %?E/@fneﬁﬁ?%gm g8 SW [ F‘?E&ridto?

buffer 410 st @n@&t'ﬁ;aﬁcﬁﬁ;ﬁmmrsueﬂredop The ﬁoﬁ@@ﬂﬁox&f&%&?@ﬁﬂfréﬂémm@mpl ed
to W buffer 408 and reco ra buffer 410 to pe a FRUC

al gori t hm and "@éﬁ"@’rogt\éﬁcﬁ’rﬁgﬁé %Fﬁlf ﬁ{ghrepgnsgpgp drams Pﬁ!{% afErB Ut f er
414. As di scusg@fscaReuer bhs EBH@ Armee @ie4 4B edchipldenerpt Sufrlesorkious F
(e.g., BF or PF) franmes. [0046] F frame detector 402 determ nes that a

new frame is awonstﬂm@deframburfferfﬂénfe nerfenniantR UG algoritBmpadf gepemsteaa FBEK obl ock

by macrobl ock o] f en f ock
are sent to a %ﬁ%tg} 1‘3 ﬁ% IF‘?Jg?ﬂ rm %rgggﬁgfeggﬁﬁbe‘% g\‘e“ghgetd 5@%5@2@% o be
transmtted f dranich ercaséd @peneratitiohvariocd B des, BRer PF) fsames.

[0046] If F frame detector 402 determines that a new frame is an F frame, an F

frame encoding unit 428 performs a macroblock by macroblock encoding of the new F
frame. The encoded F frame macroblock are sent to a block 434 that determines the
number of bits that need to be transmitted for the B frame, which includes the bits
necessary to transmit the motion vectors. A B frame macroblock RD_cost i3 then
calculated in B-block RD_cost calculator 436. Further, based on the B frame encoding,
a comparator 430 compares (1)} the value of the sum of abseclute differences (SAD) of
the F frame macroblock based on the FRUC frame retrieved from FRUC frame buffer
414 (SAD_f) as subtracted from a corresponding B frame macroblock (SAD_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.



necessary to transmt the notion vectors. A B franme macrobl ock RD cost is
then calculated in B-block RD cost cal cul ator 436. Further, based on the B
frame encoding, a conparator 430 conpares (1) the value of the sum of

absol ute differences (SAD) of the F frame nacrobl ock based on the FRUC
frame retrieved from FRUC frame buffer 414 (SAD f) as subtracted froma
cor respondi M@ BY#EHE nacrobl ock (SAD_b) to (2) a predet@VKPNEWEHEeshol d
value (TM If the results of the subtraction is greater than or equal to
the threshold value, then the quality degr)adati on woul d be too great and

thus t coder 0 _Sse encod S FRUC fr f

bne” emBiheoter e Rirktmes ByERT Be R PR it Baing maechr Bk &fBESRE 68 teq
(e.g., 16 X 1lfhe rbirmgnﬁbrwbck istzes%hml tHe theesnaﬁa@leﬁ hetenéddehailpindiche th kv
"macrobl ock” is used herein, which typical I@ref ers to a standard bl ock

size of 16 X Tdramedarcrehlesfeshould b&r\‘ﬁe%‘lnd%@“%ﬁ angghe pibta jadigate the Brere ison,
the bl ocks ”aiﬂﬁp@d il uet%ﬂ%ﬂémqf]\i\&gﬁ%@f QQéspdsal Bgﬁkg%@@&{r%%%%?tﬁacr&l&ﬁ’cm

I f difference between frame macr obl ock he SAD of the
F frame macr obmcbmllopgcdl EBY( fname bloek tstvakeghateddp madele 410ethe mesutte pf whikch are

bit o i nl cafNEHE # Mok Eoongy teblpriniet Yo R G etk 478, T %

resi dual of thembawfFRUDfrige BREY bmamcedahz(ymktramdt the [FROUXAfrede FRGfiom e
block is calculated in npdule 416, the results of which are e?ﬁ@{}&l zed in

di screte cosi AgeEMBFsINGF-Rlogiokis mesile #20 apd. Hasedian thefdralculagiar th AEHSer of
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determned in F-block bitTs nodul e 420, and, based on that cal cul ation, the
FRUC frane rrﬁ%i#ld#ﬁ@dkdﬂmb%her@lsWdétf@afdsrﬁ@ﬂmrﬁ F-bl ock RD cost nodul e 422.

The RD- Gk, 21 CU! 4lg0y Th IRSEHEARS e BLO: YhAAEHRTHS b BlER Frgi0040]

Based o cal cul at'e ramne macro rane  macr obl ock
RD cost, conparaa:tobrochdunlcmsté,lm@eﬁamr rmdsmﬂaa whd adetelninings tvehigh aﬁe to plaze iowt put

bit stream 440. one e d| ment , f t he macr ob o D cost is | ess
Phan the F 1 Set hERGERIRD i oot epbodiingt. ikt Birams o S les

macr obl ock, 6! Melifn GrakBEmERAREA R BB, @B YRCbRE For el B f?ﬁneplrrﬁ@l%ﬁldclat 0
output bit stream 440. O herw se, the bits for the F frame macrobl ock will

be placed int éﬁcbmlmthebzqne@sqde@mwmwtorﬁowﬂbpe mRlaged gniol Pwetrlat a8eagh 440.
Sel'ect i on proCRE e ok B REOHE AR it bR BT R Lot TR e
440.

[0049] FIG. 5 illustrates an algorithm implemented in accordance with one
embodiment for a mode selection process of an enhancement layer B frame macroblock
during the encoding the frames in the enhancement layer. In step 502, the forward and
backward motion vectors are obtained for the B frame macroblock. In one embodiment,
the vectors are obtained by performing conventional bi-directional motion estimation.
Thus, no information from a FRUC frame is used. Then, in step 504, a best mode for
the B frame macroblock is determined. In on embodiment, the best mode is selected
from one of three modes: a forward prediction mode, a backward prediction mode and a
bi-linear prediction mode. Further, the selection of the best mode is performed without
the involvement of the FRUC frame.

[0050] In step 506, an emror 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



during the encoding the franes in the enhancenent |layer. In step 502, the
forward and backward notion vectors are obtained for the B frane

macr obl ock. I n one enbodi ment, the vectors are obtai ned by perform ng
conventional bi-directional notion estimtion. Thus, no information froma
FRUC franme WO 24%8752FThen, in step 504, a best node for RGREUBGYEHE3

macr obl ock is determned. In on enbodi nent, the best node is selected from
one of three nodes: a forward prediction Ifode, a backward prediction node

and a bi-lin redic n rth el ection de is
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sel ected best node and the original macrobl ock fromthe source frame (i.e.,
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(B_RD cost) and t e FRUC fr%g rracrobl ock_ (FRUC RD cost) ven 8
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embodi ment , t he RatRyite dsBe Fofkl:, DidisialseshetnRRRALE, 18 af QlpRidANpUesIed

(which uses the error resi due of the respective nacrobl ock), the Distortion
is the distoforingls depandpit, onah@quamamapargmatepredeﬂ ned wei ghting factor that
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Distortion 1s determn a suni erence ca cJ'Igatl on.
| n ot her enbodichesehss baded memersumdnf&bnﬂute{iﬁferme (SAcB) wﬁgfe, b&nalnsedffecﬁuelylaer,

he quant | zat PSRepai ARt EPriPoRBTe Runi ot it Eavisso nc Bk dbh r defc ThHeC

frame or B fr aff,evdrm%mojunﬁﬂ&pehaaem% Heiehied 8 1drSbdAaERIKS Nbdst?@node is decided
sum of - absol ute-di fference (SAD) va which is effectlvely a neasure of

t he di storti ohascéag thah éfhmlm@ém@ﬁs wptr@su}teauhp reagon BesHugmEon e dsosticnand.

Th t t"
mae i s doc d T uss? o foe AR R B, ST Bl B R QRN IR PR

summat i on of ditest Sotﬁoo example, Hithe ermbderi encaskated 8 highly hempler oukerobdalt thetke a

trade-off bet Would st ?oﬂgaglréaE Xea?glg diptioxttibn if it used the same quantization parameter as
before, it could lower the quantization value to allow for a tradeoff in distortion, even
though it would require more bits to encode.

{0054)] Once the error residue and, consequently, the B_RD_cost (the RD_cost of
the B frame macroblock) and the error residue and, consequently, the FRUC_RD_cost
(the RD_cost of the FRUC frame macroblock) have been determined, step 510
compares the costs and determines if FRUC_RD_cost is less than B_RD_cost. If so,
then the FRUC mode is selected in step 512. Otherwise, the best mode as determuned in
step 504 is chosen in step 514.

[0055] FIG. 6 illustrates 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. 1
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.



rate. So, for exanple, if the encoder encountered a highly conpl ex

macr obl ock that would suffer froma great deal of distortion if it used the
sanme quanti zation paranmeter as before, it could | ower the quantization
value to allow for a tradeoff in distortion, even though it would require
nmore bits t¥O24ed&S527[ 0054] Once the error residue and, BOFWESMUHNIIZY, the
B_RD cost (the RD-cost of the B frame nacrobl ock) and the error residue
and, consequently, the FRUC RD cost (thealRD-cost of the FRUC frane

macr obl ock) have been rm ned, p 510 res the costs and
det er ni #9°)i f FRUC_ R‘B“gg “?tga‘qsé‘sf%o"t ﬁlﬂ&‘a@ %BC‘%E}E engodingproces BrACEpEaneRUC
mode is sel echRl ohd cRbBBNRAR as edteibyd §1§bvet hg s&%smmc&enaamﬂ@t BEdTR 0REd)N

step 504 is chosen in step 514. [0055] illustrates a video sequence
606 encoded mmmgmam@omﬁtmtomse Bﬁ@ro@ﬂfngi @@r@w@me@h@yamsmtomw th a
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i ncluding a base ayer 4 an an enhance rames
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i nportance for the rect construction of video sequence, 606, while the
| ess i mpor t aPRiensal FRHECTamE Aocnas hiYe:{Rd s @ Qnedp §Be FATERRRIRE e Req W er

602. As '||UﬁHécﬂEé%ﬂcxhdé fid3enekh; ionad, FdRelaribh ARG WABY s@bSm4benkR the
exi stence in base Iaﬁ/ 604. 2006/ 007527 PCT/ US2005/ 023333 " 11 [ 0056]

FIG 7 il ustiramessnghe basovlayprge sneaged haaedzg@ﬂ@ﬁwmgenpedjaag@emua -dfalance
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each enhancenent ,frane and ach otent FRUC n_ot her ,enbodi nent s,
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have a one- tOb&H&leQ@!ohﬁﬁﬁ%dﬁ&@ﬁ frﬁmdtﬂlf@storw gﬁmoa@mec otktasmbe@hents
partitioned, operation continues with step 704, where the franes in the

base- | ayer ar @%H%ﬁo@éd’ﬂb’éw(?)ﬁlg?ﬂ@%ﬂtmcé aBPco iontiens (P ripe {rames inFge
exanpl e, the &agﬁaaﬂwﬁ%g&af&ﬁg@éemmhgestsgﬂmwofttn ré(ﬁéteé?ﬁ'ﬂ@fr:gnmy be

used. Then, 1n st franE|S|nterpo at e e sane tine
i nst anc¢0057] the t o- bI;-sheudd(bdeadteémlmrdw@ulesfmmmocemmg)biecl@nb@rﬂiionahhqrein he

FRUC frane d oth th onstr ed curyent and t h
stored pr eV| o y§$5ﬂé tﬁcg}n f’e?{%gﬁr ﬂ€ A "tvﬁr% "HRE mgf‘tﬁé?ns acfnﬁc??i t hms
descri bed abowginatynsksl &P thé0ft wollkl drideRBad itint ! foe ex£AflANGE RBNE prAYSOr Mg
encoded with the assistance of the interpol ated FRUC frane.
perform the FRUC operation as well as the SAD calculations. Further, a digital signal
processor (DSP) or other spcc:lahzed processor may be used in conjunction with a
general purpose processor to implement the functions described herein. References to
modules or units performing a specific function or functions should not be limited to
include a particular circuit for performing said function or functions, but may, again,
include a processor configured to perform said function or functions.

[0058) The present invention achieves savings in the transmitted bit stream for very
little to no compromise in visual quality, as based on the mode selection method
described above. For example, there is a bit-rate/bandwidth reduction 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.

(0059] 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



[0057] It should be noted that the nodul es and processing bl ocks nmenti oned
herein may be inplenented in a variety of hardware/software

i npl enentations. Thus, one of ordinary skill in the art would understand
that, for exanple, the same processor may performthe FRUC operation as
wel | as t heWORIEWIRAl ati ons. Further, a digital signal PEWBEEEEBE3IFDSP) or
ot her specialized processor nmay be used in conjunction with a general

pur pose processor to inplenment the functilhs described herein. References to

nodul es or unjt erforn ng specific nction o ons..shoul d not
i ted to 1 PETEE FOREPE caPEErErPE i teoPeplet b PRa b AP R AT e o
functions, bulccBRyatoragRisBeded IMIE hittheedMOT 0GR MVUPréRBiMOPREd dlgoHien dypesai d
function or functions. [0058] The present invention_achjieves savings in the

transmitted beeleciadr dBgtier tmpoEal pealpbility masy ks achicverhds Sniusiogithe ERQGafPata@m ity,
as based on t ;h% a’@%ﬁg@fﬁl@@%&l@ﬁn te WRRE FR'@J%#rﬁQQSVﬁc 1rl:sgﬁec?€§rgm(§@m teher e

is a bit-rate uction by augmentation he sta
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encodi ng the &lqhmqemycleb&Mﬁlthexaaimmﬁmm@f@bomplé@mamen need not be

transmtted since that informati on can be recovered/comt)ut ed at the decoder
©
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achi eved by t sel ction of an appropriat'e gorithm gased
on the opti naredusa,géieofataadbcatetté]r\lensmttil@EM@WMCE@HH@SZ@@M 0223883 12

har dwar e resources if th n

oot imat o’ obRESmaled For TERIPGE sk O R BEpl® iterd b YR Le@en rruc
al gorithm maybchtﬁ thesbdse@ﬁ@dnhaﬁeetnﬁem 1dyemaey ?.It ts@tienbiThistperdeatpd godaipi vewad as,
by using the he video wi pl ayback full franme rate where

f eat yr
FRUC frames aE@L{% r‘tréﬁggﬁl TAEReYTRare B%Fé‘é‘s Itfé‘*ﬁ%?mﬁf‘{ress‘tt‘rhéﬁﬂioiﬁsl?’ Pved.

Power savi ngs Mre tdd 3 SRt Mord BYmBLr $0 BIRnRR baiwWaBS!T anddBr ticul arly in
handhel ds, where FRUC assi sted reconstruction of the video stream requires

fewer cyie968k than t h&1Gedshevs adledndiagram ofcamphasess BinalnB02X] HUGDY 2q0ess|
predicted that é({tt@% &fe%%%%é&r&nt An3QL 9! ﬁei*nn%alt ’O% a(!hsch'séedrh%Ee?u when gn 1 BP

group of picttres el §used i'nventiron, by
reduci ng the datia ;&bhdﬁlgt\ed:efand/ot ﬂﬁtlsmmet:lmg/ i} aflrsan‘rE'Ehe amyssdaﬁﬁﬁamﬂtiae
overall bit rate. exa for I BP structures, e bit rate may be
reduced by upcqnalqugcf b AQh EPFP tmg 'device such as a laptop computer or des top computer, or it
may be a self contained device such as a personal digital assistant. The access terminal
can also be referred to as a subscriber unit, mobile station, mobile, remote station,
remote terminal, user terminal, user agent, or user equipment. The access terminal may
be a subscriber station, wireless device, cellular telephone, PCS telephone, a cordless
telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop (WLL)
station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, or other processing device connected to a wireless modem. An
“access point,” as discussed herein, refers to a device in an access network that
communicates over the air-interface, through one or more sectors, with the access
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.
(0062} 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,



both the base and enhancenent |ayers are put together. This percentage goes
up when | BBP GOP or IBBBP GOP structures are used as these structures
utilize nore B franes. More for those with nore nunber of B frames between
| and P. 10061] FIG 8 shows a bl ock diagram of an access term nal 802x and
an access NEOYHOO/BOEZ in a wirel ess system An "access tBCHURZI05U2338

di scussed herein, refers to a device providing voice and/or data
connectivity to a user. The access termn# nmay be connected to a conputing
devi ce such as | apt op conputer or desktop conp

.er, or it —may be seIf
cont ai ned dev?‘ldepr%@ﬁs data symhalss o Jpta §yigPeldp am@e%ﬁm‘ﬂéma%%@ggﬁ@ﬁ i na
can al S0 be r 65 el ibddioh SHHASA ThORNoreRhich 1TBRPa B oR maaj@atbxesmrermte

stati on, renote term naI user termnal user h?ent user eqU| prrent The
access terni nmcelmthet;bwasmh@% lPIlbbWdetOéﬁb |a@<h posi Jemes%lnmefﬂr@@c reyeuse dinkr

Lel ephone, PCR.ASLERLANBEAPALAIARS iRl GRPDG: &nB5 S} bBLL8

Pr ot ocol ess

digital assi smnpro(nlaaea strmrheﬂﬂhpitdhqbev%cmnbmmngnm(TMﬂ‘@ﬁS peoraged (eqn,
capability, or other ces g devl I%ﬁ[n%]mct ed to a wireless rmden}], An
"access poi nt SonVELs 4o §B 88e t‘FT r & etswefil NGy RGPRVETIQR) e LUPUE £hip
network. that st GaaRdHer@h@sa B68Alatd §1gﬂhlr whidh & th:ASRitek o SarRERia @RO.NOT e
sectors, wWith the access termnals. The access point acts as a router

bet ween [03§8) access t é¥ircerst peintiS@dte theawedudsted sileals ransantietbbyeedess W‘rﬁne{ﬂi may
i nclude an | Pg @ﬁé%ﬁr&hertl{mﬁx‘?ﬁé’ﬁ{éduﬂgu % oh &héss bidk %bi@&? b AR
I nates t o) attrlguatesfor

packets. The access poln SO coor ement
t he air interhacmna §5006R1ectiver unitd RCAMRIES ¢ pkocnises astg ,amméﬁmnﬂ ardnaipigices3@2x, a

transmt (TX) data,pro sor 814 celvest affic rom,a  dat buffer
b1a br ocesercpuey e B Reeng, &5 Bl Bl et finuiitine . AR

packet based @herfodedRChRALA(dE, ABRlodMNStL] ahd Qiatea@heﬁee,reeéﬁea%ﬁ{p&@wﬁ?
PCT/ US2005/ 023333 13 and provi des data synbol s. A data synbo

nodul ati on syBIgsides gletegipdadata ntymbolsi | vohich Asgrigwisy estinaie il Hei é‘ﬁa s%)’?ﬁ?@]s f or
pilot (which h&ns%ﬁ@é@bﬁt ek ihals td%c@&gf'ﬂg 4:@1ﬁ reb&6El | nkdf}tai‘g roddka §gnbol s,

pi |l ot synbol s, ossi bly signaling e reverse erforns (e.g.
OFDM) nodul at pmneaawd(/ecgr, sythel dqmaps,eckmtal;paw spkdichilas) theydetdeedsiatt smbolsand

provi des a stFeam ote outlpu(tj c[) od ) gggae{ unla (TMIR) 818 processes
(e.g., convef¥F&*dFoamaisnd PRViEEsfiee %147%? ¢ &8 R r equency upconver si on)
the out pedsschi p st r gamheevaged Bhildta Sccass it 8t drasfigaah is potsbed 18y a TX

transmtted froman antenna 820. [0063] At access pai nt 804x, the nodul at ed

signals tr ansﬁqtgtpg@peg%pr @@Qetgsgap@qa fajp symbols. A modulator 862 receives the data
symbols, pilot symbols, and signaling for the forward link, petforms (e.g., OFDM)

modulation and/or other pertinent processing, and provides an output chip stream,
which is further conditioned by a transmitter unit 864 and transmitted from antenna 852.
The forward link signaling may include power control commands generated by a
controller 870 for all terminals transmitting on the reverse link to access point 804x. At
access terminal 802x, the modulated signal transmitted by access point 804x is received
by antenna 820, conditioned and digitized by a receiver unit 822, and processed by a
demodulator 824 to obtain detected data symbols. An RX data processor 826 processes
the detected data symbols and provides decoded data for the terminal and the forward
link signaling. Controller 830 receives the power control commands, and controls data
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 304x,
respectively. Memory units 832 and 872 store program codes and data used by
controllers 830 and 870, respectively.
{0065] The disclosed embodiments may be applied to any one or combinations of

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



802x and other termnals in comrunication wth access point 804x are
received by an antenna 852. A receiver unit (RCVR) 854 processes (e.g.,
conditions and digitizes) the received signal fromantenna 852 and provi des
recei ved sar‘rvpl es. A _denodul ator (Denod) 856 processes (e.g., denodul ates
and det ect sV? HESPYEH| ved sanpl es and provi des detect edPﬁg‘tU§20§§/ﬁ%%13s, whi ch
are noisy estimate of the data synbols transmtted by the termnals to
access point 804x. A receive (RX) data prétessor 858 processes (e.g.,

symbol demaps,~ dei pignl, 3 i ?ﬁﬁ ga WI- for
each term nal caaﬁrﬁﬂr?r oVi 2@!@?@8@523’9@%@%‘3?&%@&?% er nf%ggl?g%% 4 rF—"?)‘F t he
forward | ink, Patkea@cess (HSIDPA), Jodx Ditisiad MultiploAecess(TN A spaahd) FreguehXy dat a
processor 860 _to0 generate data | s. A nodul at or 2 recejves the data
o e bt PoDispaiaanE Ares Pl shiehs. BREOrBodhartaioRsy BiFRe e (oo,
OFDM  nodul atNi@RpRMH-s (OFDRMARSERIEent processing, and provides an out put
chip stream which is further conditioned by a transmtter unit 864 and

t ransni t{08%6] f r om ant dapkeuBbix notethiatithe mathady desteibed haeein mgy hejmplpaeniereopower
control conmmand ne - I for er.m nal }
transmtting %n%rﬁcgy 'reoéf\a}éé)?ﬁsl% ?a?ill?ntcl%?%%:agés?oﬁ%lz%f 63184@&65%8 k@%@gé’g ter Pﬁf nal
802x, the noduwkdihag skillgnahe an.aBemexatmpht, thy genaelsisquiciment 8G4ke client eogdevatel by

antenna 820, conditjoped and djgitj.zed by a receiver unit 822, and processed
by 5 demadul 26 O cEb FeiBtt et stet ded dehY 55 Sy oninRd i Boct ccor
826 processes prédBgofled @ehtesl tHaloperadi et theadlfénPaAy iadlaémdrgmﬁl%@blﬂ@t @td @nd t he
termnal and the forward |ink signaling. Controller 830 receives the power

control conmmadesramah delatehte dresoppaation ofy the shifndsi rongnembeditienti thepdigal isoh t he

reverse |ink tcglltﬂﬁcﬁﬁc?neppiﬂq%n%geg‘ier%%ﬂﬁén?,l {héréienﬁ?sogg%gd}%f@c g@t&f \1}%‘:?'32

operation of access’term na access pol nt resp
Menory units @8@nmamiaBRtB sipebibitipy odn giet eootbey embodiment, tedlidny is coperswial er s

830 and 870, respectively. [0065]..The discl osed enbodi nents nay be. i ed
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14 Carrier CDVA ( MC- CDI\/A)r W deband CDVA (W CDMA), Hi gh-Speed Downl i nk
Packet Access e_(‘ﬁSE}JIWFS- Ti he VErMSsBHTaUNE 198t 1%%%5@"‘3‘? ulgs, Andpgdrcuits
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ARLIGHR!
Division Miltiple Access (OFDMA) systens. [0066fgalt shoul'd be  noted that
t he met hods desdeinkeddwitbreiganaralyplposenproessennt eddigital signal processor (DSP), an

application specific integrated circuit (ASIC), a field programmable gate array (FPGA}
or other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
IMiCrOProcessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[0067] 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.

[0068] It should be noted that the methods described herein may be implemented on

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



a variety of communication hardware, processors and systens known by one of
ordinary skill in the art. For exanple, the general requirenent for the
client to operate as described herein is that the client has a display to
di splay content and information, a processor to control the operation of
the client XN208688%3ry for storing data and prograns rBCHUSBWOT&R3INE
operation of the client. In one enbodinent, the client is a cellular phone.
I n anot her enbodi nent, the client is a hamthel d conputer having

comuni cati ons gapa i.ties. | yet not her enbodi nent ient is a
personal  conBifY ﬁﬂbl i, e i ?ﬂ‘g]&n e geFLitPquireRent ﬁoﬁqﬁo%’ieP‘itBererﬁﬁr dwar e
such as a GPSys §Q6KbdSerdiRYs B8 th@él%rnpﬁésaé &Sp1a% 10 @SRSP &¥ent And NEorglatieNta t O

i npl ement the various enbodinments. The various illustrative |ogics, |ogical

bl ocks, nodul E®cesserdtac Fonigt tﬂse opRsaiian; efete | ghienfopnslea thespoTy fon StoRias eléoridnent s
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processor, Ital signa cessor appli thon specl
i ntegrated cicelnldr fhase.C)in alotﬁeelemuodm@marmatnlientgmtzehamdmm (:cE‘ﬁi@@e)r haymgot her
programuabl e | ogi ¢ devi ce, L st or di scret

t t tr
hardware conf pigatiqps C&H% Igcr b ?toﬁ“o?l?r?éreé@?oﬁﬂ’égﬁt’gw&d fGBt bseﬂf;g:gsmn?lhe

functions desggi g—habﬁ,ggeébﬂ]muﬁwgg@}grcaﬂ,abgu{epose processor may be a
m croprocessor, inthe alternative, the processor may -be any

convent i [6%8] proc es sdme vasiaus oillusirativei logissoregienl| Blocksr megules a‘?@a@ﬁPW@ A
processor may gl 50,434 c'oH{PJﬁgg’F Uuﬁtg%eaéntﬁ)dﬁﬁé}f‘& AhbRA h91fe1 Pé 1r13@ )Pgrﬁé’d &eS.
an ura 0

e.g., a conbination of a m Cr opr ocessor,
m cr opr ocessopsrforowe with rap genendl cruoprse CreE:eIvs, arﬂJgCﬁﬂlJS&Enai iporeessot KDEFPDSIA cor e,

h h f 0067, b
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systens. [0068] It shoul d t_hat he met hdds described herein nmay be
i npl ement ed othe Iaoapamrena,y b ansbeonypitioael pracdssordoenteellen microsardrodeta v s@igst ens

known by one of 20 7527 PCT/ US20 15 nar t he
't For oxandeine g JRRERE Pt P RN ARER as 7 cSplniRse of Sphur
descri bed her divicdss etgmta tcombitlatientofhas DSP, dhépd a;ynctopm:hesm,ay phdlent ofand

information, a, . . o .
INICTOPTOCESSOTS, ONE OF 1nore microprocessors in conjunction with a DSP core, or any
other such configuration.

[0070] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a .software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk, 2 CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor, such that the processor can read information from, and write information
to, the storage medium. In the altemative, the storage medium may be integral fo 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.

00713 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



processor to control the operation of the client and a nenory for storing
data and prograns related to the operation of the client. In one

enbodi ment, the client is a cellular phone. In another enbodi nent, the
client is a handhel d conputer having comunications capabilities. In yet
anot her enbW&i2AM752{ he client is a personal conputer REHURZBHRIFHI cations
capabilities. [0069] The various illustrative |ogics, |ogical blocks,

nodul es, and circuits described in connel&tion with the enbodi ments

di scl osed herein may be.inpl ement ed or erformed with a general gse
orocessor, & BPGPEAE SEMISRAT B9 GRReehMIPISERSa? Shmmyicption apRlical s, Prthat
integrated ci ddpditing (AR Bk spidit b @ofe B 1A BB @ntddirfendd. I'BBus( thPShe 0PtheOt her
programmabl e | ogi c device, discrete gate or transistor |logic, discrete

har dware  confRspaRiios, is et itppdedoienierimiteshiothreprabrdiment ghrwn bareipdit Brimbehe
functions desEcrcbxgi@&' thé]@fcﬁll%tnsco SR witH rtﬂﬁgﬁn&%lgscﬁﬁﬁ%ve'mé'agg& fisclosed

m croprocessor, but, in the alternative, t processor nmay be any
conventi onal ImreoesEior woob fexeniplay’, ismisedoswhiivelyl kercindio wmtat Eservimglas me. A
processor may_al s

e.g., a conbi p%hggp%ggéggﬁ%% Qﬁﬁi¢g¥%ﬁ&%@g@%&@gxﬁé$ﬁ%$§ﬁ%%%&ﬁﬁﬂ§¥iﬁes,

M Cr Opr 0CessOfi& ne€RSardy to'Belc@nsthed @PIVERAERNS oved otRNEMBEdimemnsW th a DSP core,
or any other such configuration. [0070] The steps of a nethod or algorithm

described in connection with the enbodi nents disclosed herein may be
enbodied directly in hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A software nodule may reside in
RAM nenory, flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,
registers, a hard disk, a renovable disk, a CO-ROM or any other form of
storage nedi um known in the art. An exenplary storage nediumis coupled to
the processor, such that the processor can read information from and wite
information to, the storage nedium In the alternative, the storage nedi um
may be integral to the processor. The processor and the storage nmedi um may
reside in an ASIC. The ASIC may reside in a user termnal. In the
alternative, the processor and the storage nedium may reside as discrete
conponents in a user termnal. [0071] The description of the disclosed
enbodi ments is provided to enable any person skilled in the art to make or
use the invention. Various nodifications to these enbodinents may be
readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other enbodinents, e.g., in an instant WO
20061007527 PCT/ US20051023333



16 nessagi ng service or any general wreless data conmuni cation
applications, without departing fromthe spirit or scope of the described
enbodi ments. Thus, the scope of the description is not intended to be
limted to the enbodi nents shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed herein.
The word "exenplary" is used exclusivéfy herein to nmean "serving as an
exanpl e, instance, or illustration.” Any enbodi nent described herein as
"exenplary" is not necessarily to be construed as advant ageous over ot her
enbodi ments. 17 CLAIMS 1. A net hodCk8IM&ncodi ng a video stream the nethod
conprising: partitioning the video streaminto a main |ayer having a
plurality of main |ayer franes, and an interpolated |ayer having a
pluralilty ofA mehed fudleateithy ayideo ftreamethe nvdtlerdaiompsiaing: plurality of nain

| ayer franmes includes F-frames . and non: F frapes; .inferpol atin frame rate
up conversi 8HUE %ﬁ‘qvﬁ%fre%‘ﬂdmgﬁé%'? Wéerttﬁémlg-afﬂ'l”ofﬁég’ ({%ﬂ’fi"ﬁ!?y%hfi?ﬂmfsayer with
the asshabRitepdbicl el RARIPOMBAR FfhErpoldaByandneacadiag siibe non- F 1 ranes
in the main | ayer wthout the assi'stance of the interpolated FRUC frane. 2.
The nethoditpof el layer framise tnsiudes hdrames andingnB flagesne rel ati onshi p anong each

F-frame and each.potential FRUC fr . e od of claim1, wherein

t he FRUC fré'}tr%rpgl%&%lgralgﬁ rgfe P%S%nﬁgfsiolﬁpgglcexﬁngg?&dqf rane and a stored
previous frgn@dirg thd Rdraiek the daic lagérwith thelassiginte 9aihd intofpetapal ERUGY t he
FRUC frame conprises interpolating the FRUC frane at the me tinme instance
of t he ffamerad epgdiedhenen-b fames in Ehe@tﬁﬂfb@t"*e”rWlF'@aH‘éﬁlaéﬂmFG?ﬁ Aerpg ated

i nstrugRiiANfasLtored thereon, the stored instructions, when executed by a
processor, cause the processor to performa nmethod for encoding a video
stream the nethod conprising: partitioning the video streaminto a nmain

| ayer having, a pl.ural.i f F-fr .and an interpol.ated | ayer.Rhaving a

pl ur al :lty 01% he H@g}oﬁﬁfﬁt%ﬁqtgg‘é@ﬁg%ﬁéﬁs% Ny @PBB‘?I?}H‘F‘HEP&"P% C%erHémﬁp
conver $h@Bachfptdmiall FRANE fraged encoding the plurality of F-frames in the main
| ayer with the assistance of the interpolated FRUC frane. 6. The

conput er -readabl e nedium of claim5, wherein there is a one-to-one
relati gns hi Rhe method of claim 1, wherein the FRUC frame depends on a reconstructed current

frame and a stored previous frame.

4. The method of claim 1, wherein said interpolating the FRUC frame comprises

interpolating the FRUC frame at the same time instance of the to-be-encoded F-frame.

5. 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 F-frame, and an
interpolated layer having a plurality of interpolated layer frames;

interpolating a frame rate up conversion (FRUC) frame; and
encoding the plurality of F-frames in the main layer with the assistance of the interpolated FRUC

frame.

6. The computer-readable medium of claim 5, wherein there is a one-to-one relationship

among each F-frame and each potential FRUC frame.



anong each F-frame and each potential FRUC frame. 18 7. The
conput er -readabl e nedium of claim5, wherein the FRUC franme depends on a
reconstructed current frame and a stored previous frane. 8. The

conput er -r eadabl e nedi um of claim5, wherein said interpolating the FRUC
frame conprises interpolating the FRUC frane at the sane tinme instance of
the to-be-encoded F-frame. 9. An appdBatus for encoding a video stream
conprising: neans for partitioning the video streaminto a main |ayer having
a plurality of F-frames, and an interpolated |layer having a plurality of

i nterpol ated Iayer frames; neans for interpolating a frane rate up

conversj on ¢ n frarres in
t he malsin IayTe%r Wt ;!u{e r%d%bgé;&g@ﬁlc@f% '];]tsﬁg/%gghﬂ e%ﬁ?’lc{)ﬁ%{'%ﬁwgg@m 10. The
appar atresonsfructddaduiiieflt frvhearei nstbled peevidis &ramee-t 0-one rel ati onshi p anong each
F-frame and each potential FRUC frame. H The apparatus of claim9, wherein
t he FRUC frarre depends on a reconstructed current franme and a stored

previo coaqgutethﬁdan@ﬁ{eafu%omaﬁlsawmb[%m s‘%(&ﬁrn?érﬁbl&th%] ERREIC Phme

i nterpo atlng the FRUC franme conprises neans for interpolating the FRUC

f rame atontphigessaiwepoldtimg thenlSR O dmmpfat thessame tipe-ipnawd of the- tfnbafvecoded F-frame.

9. An apparatus for encoding a video stream comprising:

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

means for interpolating a frame rate up conversion (FRUC} frame; and
means for encoding the plurality of F-frames in the main layer with the assistance of the

interpolated FRUC frame.

10.  The apparatus of claim 9, wherein there is a one-to-one relationship among each F-frame

and each potential FRUC frame.

11. The apparatus of claim 9, wherein the FRUC frame depends on a reconstructed current

frame and a stored previous frame,

12, The apparatus of claim 9, wherein the means for interpolating the FRUC frame comprises

means for interpolating the FRUC frame at the same time instance of the to-be-encoded F-frame.



