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communication, as well as increasing demand for multimedia services, streaming media

over the Internet and mobile/wireless channels has drawn tremendous attention. In
heterogeneous Internet Protocol (IP) networks, video is provided by a server and can be
streamed by one or more clients. Wired connections include dial-up, integrated services
digital network (ISDN), cable, digital subscriber line protocols (collectively referred to
as xDSL), fiber, local area networks (LAN), wide area networks (WAN) and others. The
transmission mode can be either uni-cast or multi-cast.

[0004] Similar to the heterogeneous IP network is mobile/wireless communication.
Transport of multimedia content over mobile/wireless channels is very challenging
because these channels are often severely impaired due to multi-path fading, shadowing,
inter-symbol interference, and noise disturbances. Some other reasons such as mobility

and competing traffic also cause bandwidth variations and loss. The channel noise and
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[Y6¥¥°'n excess of the initial corruption is due

[0008] Source coding techniques such as reversible variable length coding (e.g. in

MPEG-4) have been used for error recovery by decoding the packet in the reverse order
when corrupt packets are in fact received. There is a compromise in coding efficiency
with source coding techniques, which translates to quality of decoded video for a given
bit rate.

[0009] Hybrid coding standards, such as MPEG-1, MPEG-2, MPEG-4 (collectively
referred to as MPEG-x), H.261, H.262, H.263, and H.264 (collectively referred to as
H.26x), use resynchronization points in the bitstream as the main method of handling
errors at the decoder.

[0010] Another reason that may cause data loss in excess of the initial corruption is due

to incorrect codeword emulation. The identification of the initial bit error position is
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for use in error recovery, comprises a detector to detect an error in a multimedia data

based on a first layer protocol; and a concealer to conceal the detected error in the
multimedia data based on a second layer protocol. In the method and apparatus for
multi-layer integration, the first layer may comprise a communication layer. The
communication layer may comprise either one or a combination of a physical layer, a
MAC layer and a transport layer. Moreover, the method and apparatus may further
comprise method or means for controlling the detected error based on a transport layer

protocol. Controlling the detected error may comprises localizing the detected error.
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[0015] It should be noted that the above method and apparatus may be implemented by
a computer readable medium and/or a processor configured to carry out the method or

the operation of the apparatus.
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1V. DETAILED DESCRIPTION

[0026] A method and apparatus to provide improved error recovery capabilities in a

multimedia decoder is described. Integrated error recovery capabilities are provided,
such as, for example, detecting an error in a multimedia data stream at an upper
layer(e.g., a communication layer) and performing error recovery on the detected error
at an application layer (e.g., a video or audio decoder). In one example, a decoder
architecture is presented that provides corrupt bit flagging information to application
components for use in making informed decisions in performing various types of error
recovery techniques. The error recovery techniques are used to replace corrupt symbols
with estimated symbols that are obtained from information available to the application
component, such as previously decoded video, audio, text, and graphics information. In
the following description, specific details are given to provide a thorough understanding

of the embodiments. However, it would be understood by one of ordinary skill in the art
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multiple access (CDMA or CDMA2000) communication system or alternately, the
system can be a frequency division multiple access (FDMA) system, an orthogonal
frequency division multiple access (OFDMA) system, a time division multiple access
(TDMA) system such as GSM/GPRS (General Packet Radio Service)/EDGE (enhanced
data GSM environment) or TETRA (Terrestrial Trunked Radio) mobile telephone

technology for the service industry, a wideband code division multiple access
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preprocessor al so performs bitstream parsing
émfbpledt@t woeiso AGIRC prdintiah rmé mixed rgetfaianghfos MBE@% video (not a

TN X Tt IS

QOREEGLI AAC,| MISY, SEVR Brz@J28%anTRy videdesord afnay t Cgérform the more
spatially |ocate pixel coefficients, inverse Al

ﬁ?@BP@El?I%ﬂHYo?OHHﬂ?(’b faskp of Midepedeceding compHEing deHenizaten, inverse
BBy ol AUl SONLRY. MERRLINARE FORY o phorne
mduGe é@gy) artifbo® betvieen pixs] dlovkyedpes)f Qnndr meoreeletents may be added,
c ut i onal | npl ex tasks . of video 2 coﬁ'ignflgi;]6 .
%G CRIEIAFA | DaEPBRURIAYRIS SYEFANY.or Mt Poncase of wired
G@ﬂhhﬁlﬂl&ﬁ@ﬁ%e@%ﬁ:h%d BRIk Sl OR cafshisde dro danf O M internet

of filtering to reduce edge artifacts betweén pixe
brasedol €y dejed commupications ssalt@mmﬂnstramgorb progetddsosuch as Real-Time

arran 0 tem 20. In
TR R BR e B P TR ST, Wor k26
[0031] can cEIG! iBEs af Blbcle YRFRINE of Faaﬁlhltpfayé&npﬂdfﬁ&[ RBEK used for dividing

tasks in transmitter 22 and decoder 24. Upper layer components 205 and 210 in

v1adeo core, for

transmitter 22 and decoder 24, respectively, may include multiple applications such as,
for example video or audio encoders and/or decoders. Some embodiments may include
multiple streams of information that are meant to be decoded simultaneously. In these
cases, synchronization tasks of the multiple streams may also performed in upper layer
components 205 and 210. Upper layer component 205 may provide encoded timing

information in the bitstream that is transmitted over wireless network 26 and/or wired



protocol (IP) based conmuni cations systemwth
transport protocols such as Real -Ti ne Transport
woe@boerk3 (RTP) or Universal Datagram Prot ocol PET/DE)006/008763
[0031] FIG IBis a block dia%han1of a multi-layer
protocol stack used for dividi®ng tasks in transmtter
22 and decoder 24. Upper er conponents 205 and 210
inptweorls A8 mUpper layer @ﬁ@%@é@dé imayparsecte auNtiple sipeangegf information
sﬁ]%z tﬂgtethgﬂdis !:191 efl aggl dAa'tl‘c‘Sﬁg 4é ﬂ&e ﬁlgﬁqhatgﬁout tH«ISsa%ea{%g e
eo or au ers and/ or ‘décoders

[0032] enbodiliowet &yﬁﬁyompmiendezmmtranbmt&ir Reanay diclude various schemes to
information that are_meant to be decoded
Srovifle o5 €5QE rgpiligngy + FE0E PEQIShanag)h spihory Wielesnnatyeiks26 and/or

bl
e AR o A RERTer O™ )8 DRSHy el B2l by oBfder 24. Such
206r rem;hepcy)wmimee peoded ini loweg layef oomponanis 215 tiag include one or
bitstreamthat is tQ%nsn1tte over rele ngtmoak 26
HHEF GFOhCrR geYipler e Al i ritther gshpmags that are
RAGWE tb MRosBLUFLILA & Ble” SBAME . oXer 18P chﬁa‘préh@ asd id 'ﬂ@éoder 22 may
the associ ated applications decdode them at about th
dnphadet thee co{rgspggqhngoqmr |da§,c@hng3 m@pmqecmtg thats epable detect1on and
er 22 u

PRI sl St Pe 561 1 48 DR T Tt el bR 26 andror

wited | rR8BoieI3EK ndbba bekr&stabld bed.onet Wk c@@pd®snts 220. For those
i ntroduce errors into the bitstreamrecei ved by

geesdhat aenotggatciableosolytions speheslowen EW@%C%’PERH@H‘@ @2p gequesting
im0 of EGHBEYRDn (e bYWty dr 1y (BBl 21 brnapiteer 22
otayenots ¢Jhefﬂa31bteh dor aomek sicatiohs) fdnos)emqﬂe ski |realitimé heultimedia

art. Lower a er co onent 220 in decoder ma
RGBS CoF e SHORUNGPRioH Gmsd db aR G DB R he lower layer
EbaboRABRL B &l 290 LoRpARd.GRRRICAEER lgflerq,ro'irﬁfoﬁen@o Bhe or more
errors that are |ntroduced over W rel ess network

ahmems miy beladdethwsekap@droaggombined do ¢ranseittendl er dgcoder 24 shown
}n gure ﬁ%/er conponents 220. For those errors that are
correctabl e, solutions such as | ower |ayer

[0033] COﬂpOHKB!t EC 220bloelgdRstangf 4 Slofdéd iilletiSdxamplf oftOmuMPlayer protocol

conmponents by | ower [ayer congonents 215 of
ﬁﬁaﬁﬁgwﬂtf@é@vmﬂmykwttra@@nﬂ@a 2 Bpé decgdersheUpper layer components

505 Uil Q8 Sittek 95, 6% A RiSuted h &RALr ﬁlbféeofrgﬁl Apgﬂsﬁio@ layer 206 and a
. n one

conmuni cations such as stream ng appli cat
syricbdinfzativs,, byheZ@bmeLOWayén@nampqmeans:H$5cﬁndm%ﬁﬂum~22 are

onpri se _conmmuni cati ons | ayer. conpanents. r _nore
G kR Gy nens trasTHRYR 0 Seribh Holeqiym access contro
E 003‘(‘%%}‘6& efn7 %d%p@‘é‘i‘é@ﬂﬁ&er% 8S R arly) Uik (et Bm onents 210, of

is a block diagram of” a nore det ali
dmptl edofara disitibited aipepnprast oowd oft ackappbmﬂwhotayer 211 and a
tter 22 and

F}:'Py fjolnnz% zaé'ﬁf %(5]7 t S ¥efr gﬁgw]omrg% 2%2 o? gpceod%r 24, a?g Slstnbuted
dits oné by thﬁﬁe iof aqmsptm MBeL20f, BstraafPbi GRUUAD abRYEEond6 (MAC)

lar;rgr %22, and a physical layer 223. Those of skill in the art would recognize these
layers and be familiar with the allocation of various tasks among them. An example of
an architecture that integrates various layers of decoder device 24, as discussed above,
to take advantage of the error resilience provided in transmitter 22, will now be
discussed. One or more elements may be added, rearranged or combined to transmitter

22 or decoder 24 shown in Figure 1C.



synchroni zation | ayer 207. Lower |ayer conponents 215,

of transmtter 22, are distributed into one or nore of
w@2asarepdrt | ayer 216, a stream or nedi um accCRBSEUS2006/008763

control (MAC) | ayer 217, and a physical |ayer 218.

Simlarly, Upper |ayer con‘ponegnts 210, of decoder 24,

are distributed in one or nore of an application |ayer
[0034]1211 aAdGa24yischblosk diagran of Apesxappie of dogader dgdge architecture for

) otri )
SREGIE 5Pty g imdRE IR 2B s a P GofVrsLil gt b hPexample of
nmdiidiged tegated andnagéméivi@itemaiiatrin@lddes antahsaipdry2) aral a protocol

| ayer 223, Those of skill in the ar uld recogni ze
sHes diqapkihs dereric SeT TPl e 281 | BERTTBTPRGH to FIGS. 2
a4 ! ﬁ{%ﬁﬁ%&%ﬁiaﬁg?é&ef e rihclﬁ@esegﬁm!a? 18er "J}:%mpo%lenct{6302(3 C}\éLrAC layer

architecture t i ntegrates various layers o
cemipoeen2 84, Asmndpat onsb Spna Boxser (TIP)t 3% end dpplivatige layer component

t.he r resilience_provided in.transmtter , Wil
B olfnaceES S aBoReREe d anbf BBy 00l tncluces a
IcBAdatMARAe®r 66HRIDE ChchOné rsaBS Tt 4 Afurd/ROEd-ISIBRMAT cotBatenated
shown in Figure 1C.[0034] FIG 2A is a bl ock diagram
Geheane. eRiifsislablayer cemoprient 3 wayepesioshidemodulation gasks including, but
I . ream t 1 a. Fl 2B is roLocol ..
BE IR, 30 o B i SR adcb et .4 2y BB Reoaing, ana
iMeEYiad @ithEVIAGE (fRetiug wstesscohiall) laped. WAL Ryer component 34 may

transmtter 22 and a protocol stack view of the )
PeEER PrieresANEe] drcoringes BuReedPolopen epier dojeetion, erer eassstion and

h . . .
(58 5 Ry AP ol e 0o A e
Tompspoit 84 artekfByen evithPamssgport GhSBynG Parmn dorappieht GEIPY 39.

| ayer onent 50. Miltinmedi a decoder 30 receiyes an
100351, "1t TR REHRRMCINTEY FtheT Hi GG RaPPE I AP coporent 36
Qhd Fyns Olsk Kb PatRml mgerswﬁbrac%n@poﬁaﬁtb%Re%n 1P Mafer De-Mux
concat enat ed schene. Physical |ayer conponent 32 may
gemporant d¥mouiyl weceisn thedkistrpang| padsadg fropuMaet layemiemmponent 34,
t ecejvi | decodi Q.
iR Bt QtesbiRECor A i eaf FIRRE%Ng Hifhang e compt groups of
(bice.d Ml BEAHS SroaPNbf Bity ahdihercorfdéondaigelagpairdii@fiatidd comprise
(raty performerror control decodi ng e.g., Reed-Sol onmon
évipypatine; eerespAndiag rtor Teperdesedes iCR A failuiggPpg 20 Reed-Solomon

Tﬂﬁﬂéiﬁgﬁmﬁggg%%&Uﬁkgldﬁg&s, fhe gfrans%gﬁq?aﬁ/fnof) Wik 95mP%nent 36 is

nor e ayer cofrponent erraces w
‘Atsarknpontasanstreaym sub-Rges evherothp MAQE subTISR)r a38.thd S0Sm sub-layer

B2 W8 OB AL Peeantpos yer Ly BEsE DAKE o M mponent 36
BeyS QEmARRANGOL MAR). I BREDRE ki DR MU GORRONE Hlurality of

6 "may receive the bitstream passed from MAC | ayer .
bistpesmesnt TiBAparpedcbitiicans lsan incdusier tstreams theg areutatgelsidt to different

and.information f.l.agging the,corrupt Qgrou of bits.
el PR o Buniee R el Ao kR ARG hions of tex.
fok s ndi infage MPblictio8© MIThe SBransport Layer De-Mux component can also

parse one bitstream targeted to a single application, such as the video bitstream for
example, into two or more separate layers (e.g., using scalable coding) such as a base
layer and an enhancement layer. These layers can then be used to provide scalability,
e.g., temporal and/or SNR scalability. One example of scalable coding, divides Intra-
coded pictures (such as I frames) and the different inter-coded pictures (such as P
frames or B frames derived using, e.g., motion compensated prediction) into different

layers in the bitstream. I frames may be encoded in a base layer and P and/or B frames



i nformati on correspondi ng to Turbo-decoder CRC
failures 33, and Reed- Sol onpon failures 35. (In certain
wWee@boenk3 st acks, the Transport Layer De- Mix CRUDUSZNG/008763

36 is al so knovvn as a Stream sub-| ayer, where the MAC

sub-l ayer and the Stream sub- l@yer are both sub-1ayers

of the Transport Layer.) Transport ?/ De- Mux
aspbhencoded iagn & crsrnsmel@ye@e Sepdableogoding.sis ysglul in dynamic

| t
Fhiiilss 3t s AL Sl Sofl o MBI &, Bl SRR 1 neowork

ﬂ)ﬁﬁ@ﬁiﬁ&d I erroii-piioge e]ﬂttnna]ppdcialaalel codihgan hdad sotaistneskafirough unequal
decoder, audio decoder and vari ous conbi nati ons of

€ERF Progckign iof thehaee layergnd s eihenesrasms layen e Beties s5i9p protection can
%@ﬁg}ghéa?o%mﬁfémga%ﬁ%t 1§ al so parse one bitstream
te sin

tar to a application, such as the video
[0036] bi t st Syam (Ewprcheordzntilor) Layur 6’atsmnc<nnpormnte3& ppxﬁmmtsefurther parsing of

| ayer e. g. i n calable co as a e .
%%Ertssf%f%al ithahPsAC SRy Oty ns el dke H18GATS et obean o time-
ﬁr ndhe&bub Bag§. OXi rﬂrﬁtlsrﬁ@dl@bicﬂeb 'bﬁstre%ngcan Beeﬁmémhtoadﬂdéar bitstream,

SNR scal ability. One exanpl e of scal abl e codi ng,

@h\audiesbitsitepmcanded bbtegant ekth( aamata@ tgxt ffmanlese)d eaptioping. Sync.

iaf c];reﬁenterr?o\% Slgt %&egorgv' Cc{sutlh gsgﬁ ﬁ_ega S got glrrezic’ssgmated decoder

pppliiacibh 0lignd Mith dief f1ﬁi’e%lyhcﬂrar)ﬂ2ditﬁonl [hft)lhh@ld@ht Sth@ashables related
frames may be encoded_ in_a base |ayer and P and/or B

PréifeYdey a%teéh@&&@épdweé ané plaxed elrtha apNrapEte timga| abl e
[0037 ] C o din G aﬂ@itlHﬁ ?d a%ty &hg&ﬂt g’edcz{l’J%Oﬁ ejf‘r? c?t I qda%/elsﬁgll\%& gomponent

tstreans can 0 nmatc atr'ons in
r?oét may kpaosen dud cfbﬂwardl rthe rcoonpieo rﬂagglng ninédreatis aeahl ERC failure

FOPRRidFon BF A8 BIREOT Ry AHAmEHET ShhalEnbireeived from MAC

mayareon%%n%ﬁr 38LHE 'Ph9§1Q§IQQ§ér% 6@ thDSyRPlaky&AP48ert dnponent 38
noire inportant layer. [O Sync (synchr oni zat i on)

@agv’er tlmaempm@mpbmtloaslap@rprocm (Eigr.t herdepadespdy, of an audio

re thr ect to s blts rea t hat
KaRoBl, T S Ll aRR8E ShmbSnl 08 B G wk MBlruich flageing
mmbhnatmdmahwd@@ obkefrst ARBIButiaN iMfer&IEESl.1 Mhe Bnv.i KBer Parser
bitstream an audio bitstreamand a bitstreamwth

s99pencat o9 maxelsp Jprward Jeeprameded ey conlyplestrategyeinformation 41.
TR SGRUCHIRILGS eyl L el I 295200 ML ndiin 57 and

comeol symiepy arfomadtionrd lifof eroratandling. Th| s enabI es rel ated
audi o, dep and text to di spl a ed and pl ayed at
[0038]¢ he ap‘\apﬁ}ﬁrtroa Y, BP0y S MY, Cl G0 P gt fgmponents such as,

P&y &aﬂ@l@%%@&e@?@&ﬁ oﬁ@ht’"@@ P fabliRY Sontfondht42, Frame Rate Up
conmponent may parse and orward the corruption

Joayersiog (FRﬂ@r) wamponﬂn(c é4oCore CROLitatidnuPecadifgntomponont 463md Post

%CSFR@Z% (T%ol orﬁoﬁ/&cﬁf ygépqlgl nf .o ag/%% Icgr?{lpgﬁ tﬁ@éﬁ@@istthe forwarded
lcaestich2 flag@ing hefolidton 3RYEA ﬂE’aeeﬁfolc@mag@erﬁforﬁﬁtion 41 to make

decisions on how to utilize the Error Recovery, Scalability and FRUC components to

manipulate the corrupt data thereby offering higher quality decoding with Core
Application Decoding component 46. For example, in the case of temporal scalability
where some media are received in one layer containing important information and the
rest of the media in the other layer, FRUC can be used to reconstruct the missing media
if the second layer was not received or was lost or corrupted. After decoding, Post

Processing component 48 performs any necessary hardware specific modifications to



and/ or the appropriate application |layer process
(e.g., a video decoder, or an audi o decoder). The

w6/ 0902y er Parser conponent 38 may forward tPEr/US2006/008763
corruption flagging information in the formof error
di stribution information 37. the Sync. Layer Parser
conponent 38 may al so forward recomended error

¢opkle displyrtgyng AF snaenoef he VIdHQeanémymoc@ttplﬁr(Qt@em a video

Qﬁ%‘fa&sm{ %g&ak%g%e Fﬁvgls'r & Fod! %)HJ% §sﬂ'& rgggﬁrgg I48 mpy also perform

fenhar@ement draesibnatign op&aXE8s bafipé theahédinid laycwrecc@ﬂmsm&rd
50 may_ cont ai.n one_or npore conponent s such as,
[0039] ex anpiCere émpélﬁatr@cl?@@d}n& BYpReIEAE 4@Pan deelrdbhp| \fl@fgp decoder(s), an

%HROH&%Heri% aééor\x%'ﬂe g{)‘)@% t i gﬁﬁ%g &)?Hce(tﬁ)ﬁyc) By perfprming Error

conponent ng conpon
dtedoRogt Sdatabilgs sind FRINC poovestingd 8f thépm]mouahppjmaﬂlmyb]ltstreams prior

conpane 0 utjlizes,the forwarded c tion

¥ Sgn gesormsr sk FoiF Anpifation fameatat of. Shrmeedgyts can be made to
ibRIVERhé %ﬂalﬁy%ﬁ@ldﬁﬁﬁalﬁ?%ﬁh@:ﬁﬁ (Bﬁe @%d%@ at'bl lowZ&uality or one
the Error Recovery, Scalability and FRUC conponents to

weaei yod| % taclowheuatity dupto efzera). t Fesr @@gnp& foonipageris ge42 and 44 can
%lfli’a%I tn\ﬁa ﬁjé:g{sggor Wlex Hé%l?%eb Agl?qeh gorélgggnt%nﬁ%iregl bitstream (the

sbawlmblplmﬁly inaersy ﬁam lathat &af degbieidfor Tow PEOwkANEFices) and
cont ai ni ng |ng§rtant ormation and the rest of the

PERNIGE sextaimicayresdiom élgﬁeqther es §hHd4 pyely ag B-frames and slice data
%ﬁﬁﬁ)ﬁh{ UGat t;ﬁg %ﬁ?&%f % qﬁ&lt asc'afabh{lz, q ﬁ&%?{ig?ﬂ 3%10 oe g ,resﬂlence

recei ved ost ‘or corrup
I?@rgnreﬁrentseﬁuslsngammgpmdwt Difaifseof prdafsssamyauhmngstharcymponents of

har.dwar, e ecific nodifications toenable d

SRR TP obf Aty P beiode it il S SR ey be added,
(SAetBhg@Norovities) WivshbdePd2 %peadsaé&o" s%%% IFY&I¥% 2A and 2B.
Post processi ng conponent 48 may al so perform

[0040] e nhandehweft dignussien phemer detectipr rad eons ccbreefcape vmliu @owdwi [resented.
i render ed.or elpr es

o€ hab BT GReBln ot BB el puleapatca code

aﬂibh@diﬂg Botﬁ&ﬁxolﬂﬁél( @hardg])Wollé af® ah O¥ier AHANBEIRBSUEC SThe concatenated
gpl I catjons. performng Error Recove
S

#mgheqdes 90133% OIE R@@ﬂm Gadg i thet mswéﬁ/lawgnd a Reed-Solomon
L) SR LI SO 08, UL B ARSEAR PO s
rRaeplk ®f inndtioeéiatshmbalsalrgdnyzedffoacdmatequall iReyd Soleionedmdure and

d t | ow uaI|t or._ one received at .o
é‘ﬁl 3 %e%?i%gﬁae i rs?%w)t e %qodéaéaﬂﬁ? &ymbg {omy e iptprmation
@aﬁcé%lﬁﬁp RUERHrd8 ENE SRR LA dnBoddr ShRNHIKEd t}ﬁk%eéyt&eloz Each

I'i ant "H. 264 vi deo bitstream (the basel i ne prof
|b§tea10\23$ gonsideptcea pymatfl liea findte finkisknbeai greetG4lois Hleddv(256)” for the

ower de i.ces ertai eatures f e
OFGhesoBY ey abe BTN, ROcH bRk SR i GRPEET® N ama x
despactpalyt o tHeOsikdsads M @nfiRARBI @delBrdTB®t and its source data 106
scal ability, acquisition and error resilience
holding systematic portion in number of symbols. Thus N —minus K gives the number
of parity symbols 108 included in each codeword 104. An (N, K) RS code is capable of
correcting N minus K erasures.

[0041] The top K rows 106 essentially hold the symbols output from the information
source and these symbols can be scanned into the K rows in either rows-first or

columns-first manner. The interleaving achieved by the columns-first scan, results in

significantly shorter groups of corrupt bits when a given Turbo Information Packet row



requi renents for stream ng video. Details of processes

utilizing the conponents of nultinedia decoder 30 are
wee@soyexl bel ow. One or nore el enents may be BCOEN006/008763

rearranged or conbined to transmtter 22 or decoder 30

shown in Figures 2A and 2B. [3840] A brief discussion

of error detection and error correction will now be

présespuupt. cﬂ@e &50aRp 08 comupirbitsy Ave tadiehet In&rr@ﬁgn Packet erasure,
B L 'by{énega fﬂ“ﬁe Hﬁlef%f BolfifpS glksg@@én%%ﬁ c?p(pégegdnt‘ég(;r‘;lﬁ bytes each

dotlmwsTHet mnmage%ttﬁﬁdﬁdmaﬁﬂ e oot @ﬁJﬂhSSeSdor@lfpt groups of bits, as
Turbo (i nper) code in the physical |ayer and

%&S%éﬁ@%% I{‘%P"eﬁd)toéii%i%}‘ Secies nd P?ﬁgﬂ%e@ the bitstream) of these
Rskbh eﬁftéf‘thﬁ%lt Al & Q)‘P%Bé%@aﬂagﬂﬁ{emeﬁ{éga?lgcr)fjﬁxg'L?I:oc‘lumns 104

an e&xa a synbol's organi z
doﬁKabﬂeﬁ)tledlS?e@htdSntooNdwt@c by LaddmignN -Kpabty tyel, agd hence, rows

Lt PR e B e OB e (b b e neitd O soafse data 106,
afe RIAGRYED as MERY hrﬁ@ﬁﬁﬁldnrﬂl@cl@ﬂﬁ&ﬁlejegare é@@f‘Nt}M{vﬁ isl{@ferred to as

is considered a synbol in afinite field known as a

'tieaR 8 iegcaded ibipck2emsimplyaode hlockddPoses of an outer (N,
.2 . K
008 PR P96 e 4, CHE” (Y b9 o e

@Omiewmil@hgl&‘ﬂs sggdired Sorstelcogectaiparalidd dfal firtt@coder. By appending a
ﬁstenatlc portion in nunmber of synbols. Thus N -m nus
ik

Fikoum to Fach g EY2. Brospaws kpiling e sptésTy Bin Tawnegides chiepksums after
g%?p ed%t ?ﬁ%@ﬁg%]ogddec@fbd(é}hse@ Eﬁ% (%)gg% dc% ICI@HQPA 8£e row 112 at a

nus erasures. he top r ows
1t odcantuitad todehnodrd, thesces eatio h:w omrq:fatred to s tahBurbo Information
En ornatlon source and these synbols can be scanned
AtSthe K rows in either rows-first or col ums-first

[0043] MaNNne 'TheTttlﬁad MBEIngaMbaGs @)Qé'bleﬁt‘é %rcpﬂectﬂlﬁn @ataUinge FRdedlSolomon
scan, results in significantly shorter groups of

d@mdmm phrcess, witdeh dutgfiey endoags bbe Iraft cofesidonl @merket The ability to

N T T

Iblbdk&tﬂ@‘tﬂfb @fibes ONuRAEs Ki) bﬁ?arﬁy‘ SMMboIg use 15&9 mei&/@rd
(L tes each for rows first_ scannin

[0044] jec od@ﬂ herqhannql sg¢jnageien tapeste fos multimedip éecfs@eb% B FIG. 2, if the
%%e@ IS® oé-ﬁgRgﬁ l(ﬁ)\ﬁa BRYk ;}%Qder%&tr% gygdélld%/thtehgorf‘écﬁg%?ct% acity, the

position e bitstre r oups
t:bnrsspnondrng RS §nbpmatﬁors Blocke(HlGt 8) phac basr@ass;ad etaodamqafonents in the

t he cplums 1 i S..RS coded into

bRt Byt dunn e ety B sBlciod HefcuRh ofint notification
Khbging - whiclN ok Qe K0 Thle IdoRifionePRkaked2 he. B9 F%ré%orrupt The
rows, consisting of source data 106, are referred

agstctrh@thastmﬁﬂtﬂ wét thonotieodl, KhdR$ Heodmiver @%t(zéﬁ) re:nables the
SEHR SR Tl oo Rrie iR T8RS o oGl received
@@y@bhﬁpﬁedundancy Check) checksum and

[0045] FIG. 4 is a flow diagram of an example of a method for decoding streaming
multimedia. Noisy modulated data (IN) is received and input to decoding process 60
and demodulated 62. The data can be received across wired or wireless networks such
as wireless network 26 and wired network 28 in FIG. 1. Physical layer component 32 of
FIG. 2 performs the act of demodulating the received noisy data at step 62. The
demodulated data is then passed on where errors may be detected and corrected 64.

Physical layer component 32 of FIG. 2 can perform the act of Turbo decoding of 64,



sonme trailing bits required for the correct operation

of a turbo coder. By appending a checksumto each row
waids/oenese rows failing to satisfy their respRCL/US®06/008763

checksuns after turbo decoding may be decl ared erased.

Each code block 110 is input &Ae row 112 at a tine

into a turbo coder, and, hence, each rowis referred

tdilgMACriayss componraph Bt oh FEackean pqrimaathe wfeoftRaedSolomon Error

' rocess presents hard-decision data to the
%glggagg%g%n decodi ng process, which further reduces

[0046]t he r Qtfeer Ofurbe sindURécdeSolon®n ddeedimli hdst detécted and corrected 64 all
succeﬁsfully correct for erasure depends on the total

SR atcﬁre %‘?Wbé% Trrhinfermagign Eagebeandia $ormHat Biiepsse identified
6B, 5 Y Sm ﬂﬁ%ﬂq%y B%%dé@ﬁks%ggstﬁg bRSEeairof ?&%&ff‘g 68, the CRC

[0044] Int n targeted fo
nhd:dksmsj iad ‘dahngj brts B0ecaoh TEIHS. InPorniation Rected Jwiéd)ll anbparity rows

d BIo has .erasures b ond .t orrecti
UAEEDS) T fesres o 136 reprietly HRerbelt  Be Ipgestaey peesived but
3brréBWd, RAd RS A eHQoﬁﬁW Mcng With bR ﬂz{g%ﬂ@olﬂfdnﬂaﬁ&? identifying
sync layer and T1 nal l(égtghe appl i cation layer wt

jthsi enrrupd datei mtallopassel fongpitameanh perfsingh@S. KPTysidad layer component

LA Bl ose SFATIR 5 SRR i Rpans oo
G;?fKag@ﬁg) @m&kﬁmdmhe straightforward utilization of

turbo information packets, which are correctlé
[0047] ; gcei \ﬁéodlﬁ%%edc@OWﬁp¥lﬁnSH°UOESNW epmponegt 36 apd\§ync. Layer Parser

. E.Or i .
S BBEA 9 e AP Ry Ll A0 R o mutie
applaiatied lgadpiongrats. tln the exaipig siovac HSEI(B@ &mdntstream is parsed 68
w red

0 i o S EeRE TR BhERERY A dPEe b ERpPIES BES e 74. Bach
WhskrBSn R, WQralﬁdzﬁl bdh é:dn@un :HataPﬂEﬁﬁf?ﬁJ é(ﬁ%%f %@%% within the

32 of FIG 2 perforns the act of dem)dul atlng t he
n@b@d\r@d bitgteginsdatla addlgcn@,p “612n indevidesiobitdteeesd aigt &0 be time
be .detected and

h S on_where nma
G A WA Cal Cci HEMI%82 of FIG 2
[0048] can payffeprhe tlﬁtﬁvﬁlﬁﬁl Bﬂtstﬁumbcareqmeunarr&f hﬁﬁlh\fl@lﬂaﬁesl\'ﬁﬁce at the
Layer conponent 34 of FIG 2 can performthe act of

RRRItp2tRN GiehWRpIeSOTEBY biscare 6¢plesed 98, 87 oud 8§, wiilizing one of several
T 5P UL AR ORROEH SR 5 B Sl g, sy

tohponeat 42 mnﬂ’ar&ué@ sompdnant 4daofrapplichiohdayare@mponent 50 in FIG. 2
Bef ore

BRISEg Y he i L TPUEIEOTY R s ARG B copet oRols are replaced

alealswm dado ! dudid arr&gteia/gﬁ%m@s ﬁesqiéaﬂa@ chﬁ’ b!e Qlfe&fdé@t 3(9 184 and 88
Packet, as well as the pafi rows 10 3)

ehspeciiveld. CweeA@phcraél@anwnmnmtv%ﬁj of tamehqanem ﬂa}@ctCIOylponent 50 in
:Fféei cgn pellflorm decoding 80, 84 and 88. The Core Application component 46 of

application layer component 50 in FIG. 2 may also replace 78, 82 and/or 86 corrupt bits
that may have been flagged by lower layer components. One or more elements may be
added, rearranged or combined to process 60 shown in Figure 4.

[0049] An example of identifying 66 corrupt bits by flagging of corrupt data, as shown
in FIG. 4, will now be discussed in more detail. FIG. 5 depicts a Turbo Information
Packet structure for video data. Block 140 represents a set of Turbo Information
Packets such as the K rows of Turbo Information Packets 106 making up the RS

Information Block depicted in FIG. 3. A frame of video can require more than one



corrected, and the flagged corrupt data, along with

the flagging information identifying the corrupt data,
wae®@eabd22passed on for bitstream parsing 68. PPBUSENNG6/008763

| ayer component 32 and/or MAC Layer conponent 34 of

FIG 2 can performthe act of f‘dentlfyl ng (e.g., by
fl agFgl ) 66 corrupt data. OO47%PAS di scussed above,
prmasian\Backebppesanie bseenaperdsy Her Ew})@p pahsieirame, F1, is

%&%ﬁqgl}gwsﬁﬁeﬁﬁlfgﬁndﬁ#&ﬁ lﬁbé ? §1§mTHe | Ca 1R%ldﬁllaahtf¥ame F1 is

tstreams targeted Tor rru pl'e ‘app
Aocates e towsl MZB]e14eEarIpBB eﬁidome ferlt ﬁrGof 4owtlH@E. Row 142A also

bitstre mlsp &}_88%}‘ eo bltstream70 audi o
(sR&se 2ier 2 by Afhom (RS IRIQTRiGR PYch as stream
E@&ﬁ‘lﬁ@hﬁéﬂ %?H&h?@mzz?cﬁ)naﬁ‘ﬂe fh @'?d&ﬁﬂifcﬁﬁ(?;h gﬁ’&lﬂe number and possibly

dentifying” corrupt groups bits
|lamvnldmtzdr ini thet casanet. albasadldyetrl amd ammathancmlnant dagdr), and other

bi streans_are b e btstreams
b S PEGT LA PEREY GOt 48 hesd i Lighs Parser (see 38 in
|PIG' Vi) d4breb (%Bich e@}iﬂlcﬁ[&? PR S&f tRY 'dafa Bamenk@dint &€ %ollowing
pl ace at the application [ayer where corrupt bits are
ri@fpna@tm tgcksgepigpantias framei 1. zAhthesnd ofeaghesper igla CRC checksum,
C S e ecovery or. ¢ e rr
gccgégélg}yéﬁc%boofve (Vrh?crh [)s ﬁ%\ﬂ 1‘[ ygorpur%cglgg o\ﬁ%@ﬁlgen fi Sg)éorg%ra decoding to

Eﬂ%ﬂﬁfﬁ@ﬁp@r(eﬁﬁruﬁmpafkeappl ication layer conponent 50 in
can performthe acts_of replacing 78, 82 and

[0050186 Af/%téhe beeinnipg plEAch bR frfompationdigrlat aany it fansport layer header
i) VigdUag, oy 2ﬁ°144-a%jmﬁn§ Aot g/szg{da%”df epl F%oﬁ{t&eaﬁﬁggmg of a

can’ be deco , 80, 84 an 88 respectively.
AppliptcEurbo AnfoonptomePdckds catiedppt atcddte 66 df &J6r 4, can be done by the

ent 50 .in.Fl can perform.decodin , .84 and
SRR R Bl S501E o4 R PG R0 i b itPrag Ve may
I G A
Sy (ROERAGERS boifle Dl a‘?“’“ﬁgmﬁﬁx 0 R PR [kl B9 bo used in

ItegnelrHL| ayagg@mean e eccappdisbed rhyr @ @téngdﬁsront@ag)ez 1) in the
RO hond 8 i TP 436 405 RSP uR Uy 120 can

e tsst dDJ)AaIftbaﬁgl e DhstCRIE UNised & Rdicate tARQKE curfent kéw 1s4the last row

wi | l_now be discussed in nore detail. FIG 5 depic
Phadgamar By faitingdt ek & ons. foe exameplpband,if db s @atlast row, then the

fﬁﬁzk pLfife iSRY &F?ﬂgﬁkﬁe%ﬂ{a@ { Ikbh?b(% ﬂ;f h%cket Row the next

ets such as Fows o ormati on
$tartSL((llﬁ mekbargofupyteNe IBSRowf bﬁlﬁmtfonaxﬁhpiekTH 144B can have
A frane, of v %acan re

LB TR0 7 b0 DRt PRl S opaE k! 5 g SEmbEEOpytes CObiained in the

o6 QHRA 10 TR sfaxasrPTE, 14aCf ftﬁéfstaftrcﬁ'@amﬁm) | Sypk! aHEzﬁiér I1a613 may
row 142A in information bl ock 148A. The remaining d

icantpinggasa dicating| the frame IR angykitstit 2B, as1d1msseﬂ4z219van cInformatwn
142E. Row.142

IR TGl oot B daeen SR PR F R SRR e poterminea
s bs tcﬁlﬁﬁm Then the decoder may not be able to determme where frame F1 ends and
where frame F3 begins.

[0051] In addition to (or instead of) including an Error_Flag in the transport header as
discussed above, a data table could be constructed and forwarded to the application

layer with the information listed in Table 1 for each video frame.



identification, synchronization tinme, frame
identification (frame nunber and possibly |ayer nunber

w0 pooblg92ese of a base | ayer and an enhancenmenPCT/Hy®0§/008763
and ot her information. Sync, header 146A serves to

identify to the Sync. Layer PdPser (see 38 in FIG 2)
wher \Ahl ch :mnl Lcati nn\ to_send.-the data contained

in the Frame (N/unnig:r l—raﬁlonuafgdm rumbek edthsn a ﬁp]t@sm wof frames,r¥nfieames for

FI. At the endo hro |sa

i 5c o scT Ry o hoiR, R TGP tsEaE Teftagodf dnERsioferpighest number is
Reed-SoI&g@m:ddecodi ng to identify erased (corrupt)

packets. [0050] At the begi nning of each Turbo

| nf on na%liEOﬂIrﬁiamheetthafkmse ios enlraanspenttlayeayembbeafdbe fraiik)in the case
144. |Each. T Aj cont Last JFl ag and an

O f set PO ALY ﬁ%é@??’@ 8% a corrupt Turbo

| nf orl REth AR fe?@ﬁﬁlleagﬁﬁrcff'\@&éoq‘rﬁm@fn@k ate 66 of FIG 4,

can Ipe done by the OFfsetJPointer val ue itself.

Setti ngRAP@IQ f—saeﬂlngindmmmg ifcnh@ﬁranhd xsgu hndah acoead peint, such as a

may 5|gn t he orru

Al t er nat '“leléll?z“a ‘%ﬁéﬁrft eFISéEQ dn% S%%BIYF‘:;S@& 3 IRSyngRronization
TH. Il agedinGwkdlerRRs %%ﬁ@&ilﬁé@&d by a setting

(Error_Flag = 1) in the corresponding TH. For Exanple,

i f rowPrasatation %mlﬁjampt(ﬁé’ﬁ) the tilld iof 2 sawedet2q framepevhen the
set equ atlr%rﬂ?}s ﬂ?’ F&R/Eﬁ st Flag is used to indicate

t hat |t he &%t he last row of a Frane ( by

set t i| RFrhte LM ech y for exanple) and if it is the

| ast |[row, then the fset Pointer is used to indicate

wher ¢ ®*i¥umbgr afuFirbo |Infoomation MaclRac ket friRow debepiese fioth whole and
framg st artsl (in nunber of bytes). In Row 142E, for

exanpl e, PN 44B can have (Last Flag = 1) and

O f sete HRINBRIPARM DG vaAMAL u{d?ca{tllﬁg v&lﬁ&ﬁ’?ﬁrb@ﬁnﬁ)‘rﬁ@t‘fon Packets are
contained in the rowprior to the start of TH 1

(the|st agorrupt (th¢ ﬁn@b%)O()lQ@/ neoul diszdiente that®Be rigiyd Emrbpelnfmrmatlon
data|i dlgcg OHQ rreJ(D and bitstream as

di scusse ﬁ‘??ﬁ‘ b BiPsck 148C contai ns vi deo

dat a| eeRfSRANd NJa fvaAMle FiRdichingRMW AdfidFofEdfupt Turbo Information
detefmned to be corrupt. Then the decoder may not be

abl e |t o Reskets foneoridse peckatsa te/> Fvoelddindinate ahe st fof ampackets is
F3 begi NSl 051] In addition to (or instead of)

including an 'Error_Flag in the transport header as

[0052] di SCUTRBE BDS¥RpleAn TS RObRGREH2 NEd OB HR FaForaN®lc
forwarded to the application layer with the

information listed in Table 1 for each video frane.
Frame Nunmber - an integer nunber within a finite set
[0053] of f r &ltles, biBGedm ames tébdas, eixzilmplte Tableel, eat foe cvustietdédigThe error

GFRb L Pl RS OGR ASERS ko G5 v s Tae
0fmdyee fitil@d8 Hynthé RBpI&ati6én layer components, such as components 40, 42 and
44 of FIG. 2, to identify corrupt symbols in the parsed bitstreams 70, 72 and 74 and
replace them at steps 78, 82 and 86, respectively, in FIG. 4. As discussed above,
erasure packets from RS coding are not discarded but handed up to the application layer,
such as the video decoder. This prevents entire packets, potentially 122 bytes in length
or more for video packets, from being lost.

[0054] The act of replacing corrupt symbols, steps 78 82 and 86 in FIG. 4, can take on
two main forms, error correction and error concealment. Bitstream level error

correction and concealment operations are carried out on erasures and burst errors.



of multiple layer scalability. FramedLength - length
of video franme in bytes. RAP Flag - a flag indicating

WO boobleg92BF ane i s a random access point, such aBCHUS$2006/§08763
intra-coded |I-frame. Such a flag nay al so serves as a
resynchroni zati on poi nt mhen dPrors are encountered.
Presentation Tinme Stanp (PTS) - a tine in a sequence
é?ecm&hamom hettndyie erfees) aretcorpeed usipedfad, (Maximpmsa Posteriori

rf%ba? r1 eFrP §) to Htég’gt%{%n%o%;&m? 0 Eﬁ&%r HBF c%‘n(? aﬁé( %B?rected are

occupi es e and part
Eoncealedi ﬁsn%it;taeahand/c& tempoab Iuefom‘))aiiomaﬁrd)mglevghiboﬁng idafoblocks (a
| nfor t|on Pa%ets are corr.upt (ffive bits OQ OO )
TBASFePlpai Rae! fagton thatiy CW ) PSR PR Fh Vidge keimpression

Qb dRilds, f lbﬁ’tesnﬁlﬁfél‘ QLB magrdbRicky! @ﬁchf aERE QT &B%t érﬁib othBrs, could also be

variabl’e indicating the ratio of corrupt Tur

lunédr mllmalRawk@imemtmandlerlmcd fonekanple( whén amuhaige is static over
i.ndi cat e out ackets orru Tabl e

St S ar 5o s ot TR P s 165 Bt AaBpion that has
Eér@ined ?élﬁtﬁ/eﬂ}g%ﬁiangmﬁ%vil%ﬁ shhReM %rlﬁl@lyricﬁ@é Bfesent in the corrupt

simlar to Table 1, can be const ruct ed he error
firamgginslgthie rast reme segiewsneaaidhbel upedl ashen estimraip dert the corrupt region.

8 W e
Gepsbierks Sviddn thé3ampbdrade. of FIG 2, to identify

corrupt synmbols in the parsed bitstreans 70, 72 and 74
[0055]and r e} disensserbrpaye: §P%1B§167]8‘¥61820 fappoded dat@sﬁ@é%spmg/ the same

iftsfda cfn B%Sre@lalﬁlgdjs 81%9 gﬁgﬂ% a RAGK ﬁaé/ér fh8B:uB%r more

codi ng are not scar p to
appinceaeintonydrayweiere ﬁl@(ﬁmhmemeet layero cchaq:urdﬁde eXtra §rames that are

PR U B R B g B, o s o
gh@r Gedlit Ui ffeRettAc kéfﬁleﬁﬁﬁfs%@tth§ BaROLSer pik&RDefficnts. In
2 and 6 in FIG 4, can take on two main forns, error

desr eeset P iffarentist rofineseameeto Meset layer wcoeffistents, df dhe base layer is
%Bﬁ%te& e e&ltelegﬂan% lqleﬁ ggeerg}l%ﬁ nt & e%% %Itnéeo &wagzﬂ%ﬁiéed based on the

ed ‘out on erasures

®tgeolager(fdiie Valueby tThugrthe éﬁﬁan@érﬁerﬁ%;‘e@ Chie Be Wiified HBB decoding if
&¥$X|nun1a Posteriori_Probability) criterion to th
ke 19965 datpiecormpr- oFis PrRgesHa ARRd sslectvr desediog aafiénay also be

?ﬁ%@rﬂ:{eﬁ g%\#' %’o@gr §<R:ﬂ£111<§s| C%&?pa{é,e\%’é?{ Bk eV MBI ALMe decoder is

rom nei ring nacrob
running on low power mode or running low on battery, only the base layer can be

decoded omitting the enhancement layer thus saving compute cycles and in turn power
consumption. Spatial and/or temporal concealment techniques can be used to replace
the combined base plus enhancement layer data.

[0056] An enhancement layer (sometimes treated as a low priority layer) may be
transmitted at a lower power than the base layer (or high priority layer). This increases
the probability of error in enhancement layer over the base layer. Hence, when the
received base layer contains a high percentage of errors, the enhancement layer can
potentially be dropped.

[0057] Bi-directional predicted frames (B-Frames) are predicted from both a previous
frame and a subsequent frame using motion compensated prediction. B-Frames offer
very high compression ratios and are very desirable for conserving bandwidth. B-

Frames are also desirable for their temporal scalability characteristics. Standards



macr obl ock is a 16x16 pixel region that is commonly
operated on in video conpression standards, but

WG pablen2xub- macr obl ocks such as 8x8, 8x16 andrPOI/l82086¢/008763
could al so be used). Tenporal conceal ment can be used,
for exanple, when an image islétatic over nore than
one frane. |If the corrupt macrobl ock bei ng conceal ed

|C§mipha1§ B-Enens arnaet wiad fcrréwhﬁm ofenitoiies xpmes randdfier this reason,
cra'ﬁ\ﬂe a3 erd tu}t1 a&vérssé y H’f&!t?ﬁg o?hel%?ra%{e‘ﬁsﬁlgra'ggbshageg %lso more

u t fra fame“regi ons co

aasoaptllﬂs ttd rROE pfdpragzttfm dm:r tolgetors Qgtmnfralﬁmthlaathey depend on. For
conceal nent _can take advani(age of edges or objects

{hese 15R3085-s B-TH0ES 785 JRBoHKHY teabs SBITEKE §R (hangepent (or low
%?QERQ - 1F QR5HhafSenthing ;ﬂéfé? t%ﬁtrm%ﬁe AL fdvRdr cane{})én the B-

“dat'a represent e sane |tstrea
EeméMedvenTherelmywpsbbanerrml ude a base Iayer and one

0058, % SLORDEOTRIL LeT o ot e STECETENC, ot an e

@E@bﬁt@?& Sbé\)% d {l‘l@eshéﬁlembléi{% Fentpotallorapatid] e‘f‘ﬂo? %Sﬁde@ﬂﬁént unfeasible,
predi cted B-franes or t i gher

can provide h
dfueal FI’@I,?ﬂecR&t@ éPPeﬁt)lil\@lrSWIefSienm sompondné 4h pfdIGageran be utilized.
8?6 ffo 1Je g%%gfat Itﬂetlgsﬁf‘ f?an? el Y ‘eﬂ:lt ]cc:a]inealg tbﬁaulsB% §0 regenerate a

re |nemsnts to ayer coe

If@yter thiab mrsldgyeed’xomr@aodlhg fenhencaeidh hayewenByile. FRUC
usel ess since it was derived based on the base | ayer
5@1@%%1@%@ mpHOR VeEiRE 2Beh PRk d HEoEmation, érnomc arpregous frame and a

9%3@%@1‘( B0 d ?ﬁt@gﬂoﬂ@e Yhuds hf]%r H‘gﬁl nhRYBFs AR xé1§ The ex é:t FRUC

corr |s process is ca sel ective codlng an
mﬂyn@hs&)al’o eeysetithasdegre dfdhs pmwassm: elFRlUCctschanles include decoder-

when the devi ce hostin er i
SHnrng SACTBTA BN ROt omSaN Y | COChn RsHORas ythe pseudo-
ibipolafien RFsRarh@¥ara GaRokeariesMee thiomhdtionNIEW I Rler-assisted FRUC
enhancenent |ayer thus saving conpute cycles and in

tlluhmp%%mf@)@mx@nﬁtan@mttegpat upipleamegitad rEnhemqeoreal Information (SEI)

L TP 2 S A R e G, [ Gos6) an

[0059] enhan mmbhdvasyaebloéls @iaBtanBSart &>@aipidofa Systerh @Wc&hp@{dntsythat may
| ayer) may be transmtted at a | ower power _than

badart] inemuttanedﬁ@ @ff?e’dﬁ%d-‘rg t Ecieagie?d shivn & Fior ba§éf§tem 600 is a
%ﬂﬁ’ﬂ—ﬁ) }%P ﬂgéér idn %TSte% ﬂl @1@5@38&\%?}6 Fi(?yﬁghogxysea{ ﬂ{)\balart of a
ase en t er ve ase

ayer. ecei s
(pmmbw fos eﬁofmegdquyetmemay@e usdd ey syetesn 60 e%thhafmmce nd Figures 6

r can entially_be drop

i wEE ey s aiTs 86 Pr RRESSioat el fudymepls deta. Data streams
E’f[a?‘ihglh&éj vide® MRS, hnd/ R IcRYE@ @gptfcfnat@?t aldoded UPRRAEAVed one or
frame using notion conpensated prediction. B-Frames

sidrerstigany mhay e cefinprasded clata: atED@QdQIh datar may ey transformed data,
%ﬁgﬂtfzgg Id"ca'ltaf %E)m(f)gegss 5l Xalltg %r kz:%pn \ll\rﬁla%ons thereo?.neﬁecelvmg means such as

receiver 24 in Figure 1A may receive 705 the one or more streams. In addition to
receiving multiple streams of multimedia, each received stream may comprise multiple
layers, e.g., a base layer and an enhancement layer. Receiver 24 may be a wireless or
wired receiver or a combination.

[0060] Errors remaining in the bitstream are detected 710. The detected errors may
comprise those errors remaining after lower layer error correction and detection
protocols have corrected some of the errors that were introduced by transmission over a

channel, e.g. wireless channel 26 or wired channel 28 of FIG. 1A. As discussed above,



are also desirable for their tenporal scalability

characteristics. Standardsconpliant B-Franes are not
wais@d/odne3 predi cti on of any ot her frames, and POF/USINN&008763

reason, they can be dropped w thout adversely

affecting other frames. B-FradBs are also nore

susceptible to error propagation due to errors in the

MEhARG srrets Are ¢asEgtaplaraang 9l thedpwenkiyer pretpselsgnay mark corrupt data

e ool b

%nﬁfo?gﬁﬁlngg 0 Fth that coht?l r% ?ﬂ&? Q’lhg %V(lérqg¥érrbﬁ@ﬂgcols used to detect 710

enlosncaagnbe | ﬁMﬁEmBﬂetﬁ r ansm tdirﬁﬁhuﬁicat@oﬂ Olgér PRWRliscussed above.

then the BFranes is even nore susceptible to errors

fgtm}lmﬁtmé? IBYGEs FY Reotneaoh,2 eRrRinatiqel 3 physicyilgyer,sa MAC layer

GOy @k&&rﬁa&’eﬁqg ra4finspdH la @15 of'f) c&ﬁﬁﬁﬁ?(ﬁﬂh&%ﬁ aEQte@thF}ﬁ%a@s such as

threshol d"mal dng te or spatial error concea nt

lfmbe detettior 603 fve KFIGr @myﬁzﬂrﬁ)ntiﬂhmmbe dsﬂedmr( THR ERUCdetector 605

O g of 4B cied sfeees kg ke af ol iy o, Reed:

G@ldrﬁ&ﬁﬁﬁl?&tﬁr@o E6RhéM as%&u%ﬂﬁ@@ﬂs fH06P Reeaeh Ry be due to
for reasons such as power savings. FRUC techniques

@t CREAeilwstinonTudetdseodand Bsroredetdctipnmast bodu¢ tofailure of a Reed-
%rfo u ecgﬁgrre and a subsequent frame to interpolate
ues noti on vectors and pi xels. The exact FRUC
[0061]t eChmDEﬁ@SecBﬂeorbelya'}nble thgrdied pd Safy Edizleﬁal @he3BatBS | Ofhtrol 715 may
FRUC t echni ques | ncl ude decoder only and

éﬂl@aaéf‘r TP (S BB Of SOTUEHaIB A yaspligsupedrabere Ceatrol 715

r @51 o) Y. gt
oS RRUBAYES b Mg SRR 428 L Tt oo,
|sh¢e@r fremne s macrabhhoakist Mdnamolﬂupim Ehzfe nd;r&hm Endrdetected atrors. Control
t he user, data

[ SEI ) a H. 2
705 ShEEb Dhiadcen b FURS8ToF rolcdino ot QRO Ay du errors
@émﬁﬁm@xlﬂf@ﬁc%dﬁ)f é’ﬁéséleﬂﬁbféf bi€OHPP ROt Bgdr }'i@)zielbf%r R@E by upper
a nmul timedi a receiver, e.g., reciever 24 shown in

ﬂay@fs (Bee EY(s$ kB 600 1C3. dTnpet tlayeISamey upg thegfransperh laafy'cs heaﬂer error
119dicalf(§r§ t$ ﬁ.} ef Rlenfify® \(/i?or)focaﬁzc% H%Rer ah %\r/\%aéc%ugsltga ﬁe made up of one

ocess 10r erro recover

$>y &icﬁmcﬁﬁﬁpt tilisport @dyRF @acietd, ehdrélgu ftﬁﬁleﬁ 16vaHzikg tRE 8668Sin upper
700 receives 705 one or nore streans of multined a

efyeR bitstigams s Gopgplingayeans sychds epog eontrodigrp H) obRIG. §rmay perform

SOshe GRSt ext and others. The received one or
nore streans nmay be of encoded data. Encoded data may

[0062] be t r dmsérourndisiritiaticn, isgletnhimed 720atla, onecanparcesthe drrdatliatribution is
ions thereof. Recei Vi means such

nmbi
RiicEner B A0 i SCCYS HRYPPbeAmseoros TIE Sigegms that were

RaeRe8 708 2By behadddik itlNsyne 1hRGeITY 'tH'&sy'ﬁHllﬁyl'a?lr@celves information
streans of nultinmedia, each received stream may

Eompenosef thgllqwq;l egl gy@mgmc@tlcgl layqs,ba@rélngayenupad@ta,ah may be able
& hc%gf; Sggrﬂ ch OHidns (}):%e W Keor ‘IZ %zﬁns bc%rr%pw healvl%%ssugﬁ information

erver or a CO
may enable a sync layer protocol to plan upper layer (e.g, an application layer) error

concealment and/or error recovery strategies. Different strategies may be applied
depending on the size of the corrupt data. The transport layer packets, that may be
marked erroneous, may be combined into sync layer packets to be forwarded to the
various application layer components depending on which bitstream they are part of.
Transport layer packets may be of fixed length, and sync layer packets may be variable
length. The sync layer may identify the error distribution by inserting data to identify

which part of a variable length sync packet contains a corrupt transport layer packet. In



[0060] Errors remaining in the bitstream are detected
710. The detected errors nmay conprise those errors
wo eovaiovi2ey) after | ower |ayer error correction BEMUS2006/008763

detection protocols have corrected sone of the errors

that were introduced by transiAPssi on over a channel,
e.g,_mﬁreless channel 26 or wired channel 28 of FIG _
RAditiag teljusingdhe arrab erniton dilS anfiorraaticsy & syRe lavisk pentecpbineny include
g&‘?he?ré\ﬁg?fdege@ﬁor{ %‘@ﬁkfig.a%%seD%rQ(%ro&?écﬁoHWetﬁ@c{skmg}p Hﬁ:ﬂ&fe checking
ata and/ or groups of data that contain errors. e

IGRE™s bfagemc payet qrmokas.USEhk tdeteth@iredt erfdhOdBtribmtion Yy [ further

ni cati on | ayer as discussed

i mpl enented in a cQ . .
SBEIN calstioh PeelicA i |aég9éﬁgm@a95%%%&ﬁese&m& error markings into the

%‘a&’e& a%ggglgéeé. Ee{%ﬂﬁﬁlii@}neéﬁﬁ%l[:h a@efYBYaib@Bhtio Bterminer 615 may

t ream | ), or a transport layer, or a conbinatio
tdhtereok. 720¢heeerardistabutoOnsuch as error detector 605 in

FI G may performthe error d ction 710, Error

100631 ey e c 10T G680 Y Y COG RS 1008 1988 & PEPEctoRmeE cncoded
e OWhedia dabiofRafls. BtdrireédVelMadibe -baSeddon apfiRdrion layer protocols.
Sol onmon and/ or Tur bo-code schenes as di scussed above.

Exnpdicatiiet layel enmpaagnts engjuperfgmatherRoor ag¢ayery. | Fhe application layer

- r FQr i y 0 Llhure .
PRBRBE IS T L ABh S5 B0 eRB o Y grman
beceD@Atfrarh laagnd ldyeh s si¢essad ab®teh Eigor eeuVieronay Ebmifiye one or a
conpri se rking (or flag ing%ﬁof,corrupt data as was
&Pglgu@g% ggt?&iP@.ral CHRE ?Qﬂceglmn Datiah g3y cncemgnt andrgame rate up

. : S .
SpAQp i eegil LB CARND T v s 2Eh e dec
fetrats io dint enenort theredetltiotedth data siregms Qoat reobas@d bn maypplécation layer

based.on, a transport | ayer protocol.. Such a protoco

REYOGhLr Eridr reeyeRomay AR GURRPTER BRIy Shie oY Sropeteraistreams.
iSBalability2 RgYOMmcludaYsie HEBORI off patidP &r WYmPRBE kcdIMBySas discussed
(see FIGS. 'IB and 1C). Upper layers may use the

ebenes pBrror reppueryHeeadgrsueh ag erton dicoaeyreompenenir4hef FIG. 2A may
i | f nd/ l-pcal 4 upper, | ayer packets that are
R kaf ARty P25, RGP EH PR BPE Fisfuh Whodilef 620 may

patieh stroft dvatedyehturdchrRbilitp aRbnZduol aé Bl Dilit9 cdmipbnents 42 of FIG
upper. |l ayer _hitstreans. Controlling neans such as

B 2O FP| @mag POt Serlebilisy HaReTOBMIng oK FeCONPRYOR2S-
[0064] CONt T ?’!rocie%s ?g% Iﬁgp %udbe‘nre%r{s%cl?%ns b5 ROl Sor more_ Ritstreams.

det erm ne I'’n one aspect, e error distrib
Recostrectnom @30 bhegecbmprise cyrhiningyerrepityteaenied dibe witheconcealed

r e bitstreans.tha re received 705, be e
et RS RO G el Picing 5oy At (SR Tidg@pyalscalability
i Her AP Bf BFBMIPR e &8edONMreshBld): REUATHREERL P comprise
| ayers, marking corrupt data, it may be able to

elgeting 1ot hidededparrt Gompenl ofr Goimiechabiepbancement layer (a form of SNR
?gag%b:fﬁtér?.o:%ygig{i%ry glg%e:,r] n}:lf)'lrg%)g? s: %% r%ae{ @%S?z?sif] £& TelOfstruction 730.
Repdrisaatticd meMBN )sublir @ data stream reconstructor 630 may perform
reconstruction 725. One or more elements may be added, rearranged or combined to
system 600. One or more elements may be added, rearranged or combined to process
700.

[0065] Examples of the methods and apparatus described above include the following.

[0066] A method for decoding multimedia data that includes receiving a bitstream,

performing error control decoding of the received bitstream, wherein error control

decoding comprises identifying corrupt bits that are not corrected, passing the error



conceal ment and/or error recovery strategies.

Different strategies nmay be applied depending on the
w@ewe/opf223 he corrupt data. The transport | ayerP@EHURBI&E(008763

that may be marked erroneous, nmay be conbined into

sync | ayer packets to be forwdPded to the various

application | ayer conponents dependi ng on which

tﬁomgelr degpdad{stigana lmlwmgfthe ifeniHindorruphlits topedaeedar, replacing at
T 5, WML, 965406 RN B

dncsltmim@ 1] mplabyd biiselt am gspréam ehet meﬂhde iiritHey mvnudda padsidg the error
of a vari a4o| e packet contains a corrupt

ength s

tPRReh deeodedy EFStE?éEk 4F0 DRSS (IR FHIRRl. ngnd HeArgiRg ojnformation
O e F e R R st o Y i iy R R RERL s e ideniified
@etoeuupbnlrrmndtbdsaspagt the chatioel Girthek invdudeRCongfuctiygan error table
ket s. det ernine err di stributi
BB 1 b, Miopbipny eRnecte: i phyas, Whete T error table
Q:@ﬂﬁﬁﬁeiﬂfo?nﬁﬁoﬁ %@mﬂgnaleeiamfflea%{sl 098ositiiR ihNesR@eS&of video

dat a packets. Determning means such as error
dramqsu blit Y rangtiee papast rthe 18ethed, futthee indludes 7R0sing ¢he error control

El?({ bﬁiétl%%#lzlglyg 5?ﬂst p{ags%ggtllttsﬁ L :e]lgd &8 é@{&e’pagﬁ l%}gséream where the

I’fi;tktt paredi bitstahid 1§tar Bﬁﬁﬁayeﬁtﬁt@frezfrﬁ@xﬁ& ekh¢/ sévajd parsed Hediream is an
on application |ayer protocols. Application |ayer
@Bhﬁﬁﬁ@ﬁ?ts 2FRAPISESA®r m t he error recovery. The

[0067]app| | Rt GRod 8Cheol oﬂlﬁ ﬁﬁed&@%aﬂeﬁ@{ mcﬂ?dewque&'?whg IC)Iltstream

error recovery to ased on information rece
fperfmrmngy@roorl @ondo] cbsodjng ctisthe deatboade bitfreaar, wigreinesryor control

npri se one or. a conbi natiop of tenporal ror,
SBvediBy RomprisSpidertiiher rosront s AR aR L RAUE e EPHRSPg the error
WBnEOINIEBHh&dBitstE YR clading 't&qaéﬁﬁfé'd%gﬁ\ﬂﬁb bﬁsto"éﬁiet:o@e? replacmg at
ot her net hods. Conceal ing detected errors in the one

d@aSh@nfeowetld%dieé hdtsthy perfosming frame bafe hiaswdvesioarbetween a first

3R LBt he o RiRlne e B GEFDY BTV il

[0068] Scal alitlokd wf @mlynaryl §lhlldﬁ i@t oukitidtettansinfid iafor@ation and signals
tenporal scalability as di scussed above., Error

rRAyoResiepreneders usng pYaef avatisty pledifiorny tesbrogientndsigclyriques. For
Fkgngl%AdEEﬁyer&ﬁét%@ @Jrﬁﬁﬁnc{se?ﬁ}gﬁﬁéﬁoﬁzgllgngg Ris ﬁymbols, and chips

conceal er means such as error conceal e

pleat f mayn @y refereocaic dabognnt the albatd |detqt1pmbanma§lhd‘qusesented by
scal ability copmponents 42 of FI G 2A &620 of . FIG

Y i, SR AP VHEITETRI Jois PoPARISyaiFal fields o

HaRicldsO86Aly BhDdERSSn iPedrrY i ncl ude reconstruction 730
of the one or nore bitstreans. Reconstruction 730 may

[0069] conpr iKese @ﬁmrdmaig %1@}1 r\@@ﬂd >iurtbereappe@1aiatthatvwht hvarious illustrative

0 dat Rec cti.on ude reduci a

gg(grg%?oc thPs @géﬂéeglc plclo%lem nt\ngngthe examples
@Eﬁ@w@éd Qferdi‘ﬂi frﬁﬁy lbﬁ ﬁhpﬂérﬂ&ﬁe@&ﬁ egélsroaid Mesed, dfirmware, computer
Reconstructi on may conpri se
software, middleware, microcode, or combinations thereof. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software

depends upon the particular application and design constraints imposed on the overall

system. Skilled artisans may implement the described functionality in varying ways for



el ecting not to decode or conceal or correct an
enhancenent |ayer (a formof SNR scalability).
wa\ppbiogrred on | ayer protocols nay be the basis POF/US2006/008763
reconstruction 730. Reconstruction neans such as data
streamreconstructor 630 may Bérforn1reconstruction

725. One or nore el enents nmay be added, rearranged or
EastbpHtelppapplisation, Baisuckiaplsmentgtion dpdsiant showtdngide interpreted

. C ' 0. [0065]
2 Saling PRI R RORL B WO H0A0, ot above
[0070]i ncl udhet haridus| {1wsirative [6XEH] blécksetdoathoherts,dae@diesg and circuits
nul tjnmedi a data that includes receivi nﬁ a bitstream

(PP EEeH A FOBRFSIPN it e exameden Aigcigred Prreinetgy \Regimplemented or
Detrath &R MtV CE il Yukfse L&:0br, deasihn QignIMIIE&Dr (DSP), an

irdent1fying cofrupt s that are not” cor

paplédatign sheeifie megratad cotuit 4%IEHda bieldstrogamnnabid pate mgay (FPGA)

the . identified cqorrupt bits to a decader, repl.aci.ng a

B Gt SRR ToaiEier ehodte ol st ot fiBee hardware
RbmPbn&ifd) lor Giny AREAMRAi R theebe adhigred b Ytk idsm A€ functions described
replaced bits. In an aspect, the method further _
ihareiny dé geperrkpuposepgocsssos maydista micrefmeesdent, bittis theerdiernative, the
[ e _or . an rsing, lnpformation ]
PReRR sl HnaR SRl S B | Rty " tesgover, o state
aeehieni A peaesdoptmy akoabe im@PRAieniddess ascamsinatidn of Romputing
anot her aspect the nmethod further includes )
CE¥SES uBLi-ng SPMBINAREN t ofplae P htaidnian gueiRerqssssebd 2 plurality of

inﬂ&%&fﬂ%%s%ﬂ;, e Bt kford ng %ﬁ%cgﬁgsqﬂtco uhSion'GBhL & HEB core, Or any
errof tabl e’ contains infof mation mappi ng the
iotten sudhi eedfiputation.o positions in a sequence of video
frame I et. anot her aspect, the_nethod further
(00711} 12T be st S Aehad oF AEPUCEh CFT DS o QOBIEFLgT Sl the examples
deRséd hékRtmPRbS @ﬁlﬂeagd;clik§ diear) ANfhrdy &8 CANPRI2€ thodule executed

bitstream where the first parsed bitstreamis a base
Ibaypenrogsissast eaiara comebindiongd dlomvp ah seliwbictsodwdamaygeside in RAM

GRORAF g TRh PREh. o RN R o, TRRY, i RoM. memory,

Iné distbris el dpRS 4 emvableliskoh CIRROM) ord@g @tien goraf of fi6rage medium
recei ved bitstream wherein error control decodin

BRI B ard e PRAMPIG Stosrgeupedivnds cquplad tarike amcessgr such that the
?)ﬁ{c'éﬁg} @Ql red f}gati Er ’r 8a &H&H@f&lm‘iﬁ%&’ g)(? ghéoétg%%é GR%um. I

ncluding the 1dentified corrupt bits eco
tlepdl@oiatige ahe btospt noatddum mdyHe inderd td the prduiessorbThe processor and

erformng frane rate up conversi.on _bet. nafirst .
& S1RFagR dOcYI R ARHGTORIG 1B AN BPlFaL O SREFIHHANggiad Circuit (ASIC)

qaptASIC ﬁ‘ﬁﬁ oskedk B 4 HifeRANMMIARRO8IN thRCSRafivar L PA6Kssor and the
skill in the art woul d understand that information and

stogpegirecdigiy mhpy resige asdiperele comipapenanin thé wireleas inetigmof

di f f erent nol ogi es and techni ques. For. exanpl
100721 G o TR gAY et AL ST Rl s SR enabte any
peison of yrdur$ skiflné thé kRS0 make or use the disclosed methods and apparatus.

Various modifications to these examples would be readily apparent to those skilled in
the art, and the principles defined herein may be applied to other examples and
additional elements may be added.

[0073] Thus, methods and apparatus to decode real-time streaming multimedia,
utilizing bit corruption flagging information and corrupt data, in a decoder application,
to perform intelligent error concealment and error correction of the corrupt data, have

been described.



that may be referenced throughout the above

description may be represented by voltages, currents,
web®@enyrengneti ¢ waves, magnetic fields or parPCTUS®N6/008763

optical fields or partlcles or any conbi nati on

t hereof. [0069] Those of ordlﬁ%ry skill would further

S’B reciate that the various illustrative |ogical

%&%IS BHAIMED Idhd al gorit hm st eps described in

connection with the exanpl es disclosed herein may be

i mpl emented as el ectronic hardware, firmware, conputer

sof tware, m deethodr éor multdoedeintiatianifonaiseons error recovery,

thereaof. To clearly illustrate this interchangeability

SPMRH$B%ar e and software, various illustrative

conponent s [ t )

been descr |d %@%&%%ggggnmeggﬁlgh{egﬁ &ea?arrgé%g Ot%hbg?iﬁsm%? protocol;

functiandal i ty. Whet her such functionali ty i's

par 1 cul ar CABBPGAL oI e B2 o SHUEPEN A e FR3c gp  second

on t hgayeygloddcol.system Skilled artisans may i rrpl ement
the described functionality in varying ways foreach
particul ar application, but such inplenentation

deci si,ons ul 19 er
depar fure f%lrﬂgm edtsc(gged%#‘1 ﬁe%élegeéﬁoghgd%?%fglgaeg comprises  a

COfhichktien \aged. ous il lustrative | ogical bl ocks,
conmponents, nodules, and circuits described in
connection with the exanpl es disclosed herein may be
| npl egent e‘i‘hQ &ﬁ&ﬁ Q)rfr@&ﬁ”?t R e L @%B%gnﬂﬂﬁ& layer comprises
processor, gltal signal " processor
ajimrionapr @nombmatuf)n of 4 pltysgrahlager, e MACildyef ARl Efrangport layer.
field programmabl e gate array (FPGA) or other
programabl e | ogi c device, discrete gate or transistor
logi c4. di sQheLRINAISWRIS 1CANBRDeHhPrsiRE: any
conbi nation thereof designed to performthe functions
descri bed henteilling thegleieeied lermoubired en privospmblayerayotoecla

. mcroprocessor, but in the alternative, the processor
may be any conventional processor, controller,
m cr osont r ghé @lethodl of $1zainet, mfwme@nt{&m{mea&@aeﬂaﬁm comprises:
al so be inplenented as a conbination of conputi ng
devi ces, elogalizigg therstastadiesiorof a DSP and a
nicroprocessor a plurality of mcroprocessors, one or
nore m croprocessors in conjunction with a DSP core,
or anyg. ot héhe siethodadrtaigul; abrttencopPidig: The steps of a
met hod or algorlthn1descr|b i.n caqnne gtlon wth t 5
exanpl es dFSETBOME HePEPHdisEiPuHan dacted Fret P?;Se (PR 2 sync
har dwasy gy protbcd]. Sof t war e nodul e executed by a
processor, or in a conbination of the two. A software
nodul e nay reside in RAM nenory, flash nenory, ROM

i sk Ta T oy aBEOg Ok IO ROt T PegtiLraeh, fppses an
gppiicagéen rpe. um

8. An apparatus for multi-layer integration for use in error recovery,
comprising:
means for detecting an error in a multimedia data based on a first layer
protocol; and
means for concealing the detected error in the multimedia data based on

a second layer protocol.



known in the art. An exanple storage nediumis coupl ed
to the processor such that the processor can read
wo0 ndoerymred on from and wite information to, tPEI/US2006/008763
storage nedium In the alternative, the storage nedi um
may be integral to the procesgér. The processor and
the storage nediummay reside in an Application
Specific Integrated Crcuit (ASIC). The ASIC nay
resi d@. In ﬁ‘hg" %\ﬁ]&ea?ac‘tﬁs n&d%HnI _r‘g,t Wﬁel%hr{ %Qahks\felaygpecomprises a
processor an storage nedi Um nmay reside as
domerueicatiooyenents in the wirel ess nodem [0072] The
previ ous description of the disclosed exanples is
provi ded to enabl e any person of ordinary skill in the
art tqomakeygr, g%%tuts _c?éiﬁ?b?%ﬁ&eﬁﬂh@%ﬁnﬁﬁﬁcatio layer comprises
appar at us. Vartous modif;cations to these exanppes
wibdrabnb er reantbingtiap pbe pnysitadlaybip 8 MAKilhyezdnd n tiahspoar layer.
and the principles defined herein may be applied to
ot her exanpl es and additional elenments may be added.
[ 007311 Thughe BBpOES oPOin? BPREBE LD iRIsHRE0de real -time
streaming nultinedia, utilizing bit corruption
fl aggi ng i megnsrdel eAntaeling che ustectbdt errol hasgdder gdémansport layer
appliﬁggggﬂ, to performintelligent error conceal nent
and error Correction of the corrupt data, have been
descri bed. WHAT IS CLAIMED I S: 1. A nethod for
mul ti-layer integration for use in error recovery, i
conpr iléi ng:ThaeprEes gf dainy | F.oyhersin shegoamirpling; raeans e@mprises:
based on a fJ I : ; conceal i ng the
det ect ed er@égﬁéfoﬁ lﬁgglggﬁ%%qe%ilwg 635?'&1 based on a
second | ayer protocol. 2. The nethod of claim1,

wherein the,first |ayer co I.ses a conmmuni cation

layer 123, THE PRAHBROGTIEK 51 HBST SOREFEIS t he

conmuni cat inQfAnd Ay AeteEAMMd HESTR BREBURAGIWe detected error based on
conbi nation of a physical l|layer, a MAC | ayer and a

t r ans poyec laggrarrotogol. The met hod of claim 1, further
conprising: controlling the detected error based on a
transport | ayer protocol. 5. The nethod of claim4,

wher eiln, commhe Oéﬂé)hfwlst e dghe @, echeéihOotheC SYtPhd Sl@Fer comprises an
| ocali.zing the detected error. 6. The nethod of claim
fpplicgfemiye onpri si ng:

15.  An apparatus for multi-layer integration for use in error recovery,
comprising:
a detector to detect an error in a multimedia data based on a first layer
protocol; and
a concealer to conceal the detected error in the multimedia data based on

a second layer protocol.

16.  The apparatus of claim 15, wherein the first layer comprises a

communication layer.

17.  The apparatus of claim 16, wherein the communication layer comprises

either one or a combination of a physical layer, a MAC layer and a transport layer.



determining an error distribution of the detected
error based on a sync |ayer protocol. 7. The nethod of

wW@b@isnv9R23 wherei n the second | ayer conprises aPCT/US2006/008763

application |ayer. 8. An apparatus for nulti-I|ayer
integration for use in error £&covery, conprising:
means for detecting an error in a nmultinmedia data
based 18n aThe apparptiy ef claimp i ddurther£amprisiigs f or
conceal i ng t r j t [
based on a asé(;b?’(%%g&le %/ ggmgélo?%c%‘%%g@‘?ﬁy ell% %%gfrjg uzg %Ig? sport layer
cl ai mp&tossdderein the first |layer conprises a
communi cation | ayer. 10. The apparatus of claim?9,
wherei n the comuni cation | ayer conprises either one
or a ggnbi %E'aggargﬂ(us Df Qt&%ﬁ' B2 hwHeAY e oMl R¥AIzeAME detected
a transport layer. 11. The apparatus of clalmS§,
fuot.her conprising: nmeans for controlling the detected
error based on a transport |ayer protocol. 12. The
apparatus of claim11l, wherein the controlling neans
conpr hges: TRBaPSarktds of A&/ i1 Zif0@hdrRenfpekmet ed error.
13. The apparatus of claim 8, further conprising:
means for ddetermingt ydeierming ot erirglistiibutianoef the detpried error based
det ect n a sync |ayer protocol. 14. The
apparg %§§%¥ﬁ&P§$§§%?therein the second | ayer
conprises an application |ayer. 15. An apparatus for
mul ti-layer integration for use in error recaqvery, )
conpr 28i ng:The PPREEIsoP! chigeld oc Wheksine they seqogdglayer comprises an
j ' ata based on a first layer protocol; and a
C lgggﬁgk§?g conceal the detected error in the
mul ti medi a data based on a second | ayer protocol. 16.
The aggaratus of cl%in11?, wherein t.he first.
: or multi-layer i

conpr Pées A processor ntegration for use 1r|1 %}48{ recovery, the
processor configured to:
detect an error in a multimedia data based on a first layer protocol; and
conceal the detected error in the multimedia data based on a second layer

protocol.

23.  The processor of claim 22, wherein the first layer comprises a

communication layer.

24.  The processor of claim 23, wherein the communication layer comprises

either one or a combination of a physical layer, a MAC layer and a transport layer.

25. The processor of claim 22, further configured to:

control the detected error based on a transport layer protocol.

26.  The processor of claim 25, wherein the controller localizes the detected

CIror.

27. The processor of claim 22, further configured to:



conmuni cation layer. 17. The apparatus of claim 16,

wherei n the communi cati on | ayer conprises either one
w@eooa/ognedi nati on of a physical |ayer, a MAC | BYEUSHNE008763

a transport |layer.18. The apparatus of claim 15,

further conprising: a control P&r to control the

detected error based on a transport |ayer protocol.

19. The appaicaning apferier distrbrgion wh thealetectadeeios haged|aneyrsync layer

Iocali§§§cthe detected error. 20. The apparatus of

cl ai mP1%; QUrther conprising: a determner to

determne an error distribution of the detected error

based on a sync | ayer protocaol. 21. The apparatus of

cl ai m285, & BORESERTe OE SCBRG 2L ayderedy ihe jsgepdalpyer comprises an

gﬁﬁﬁ&ﬁgﬁh . layer. 22. A processor for nulti-layer

integration for use in error recovery, the processor

configured to: detect an error in a nultinmedia data

based.qn a first |ayer otocpl ; an onceal the .

dotectdd ot GPIH HEsRY riaavh GAPadBS g meHIts for multi-layer

$RESAH0N fY ke A QER¢QoverdSthe IR&hEH QGRS RPN Of cl ai m 22,

wherein the first |ayer "conprises a communi cati on

| ayer. 24. d¥lgeting aeeyenin afmyiimedia2Bita hpredainna fing layer protocol;

connu%h ation layer conprises either one or a

conbi nati on of a physical layer, a MAC | ayer and a

transport lkay®alingthe ddiectddl @e@SiaGhe @fulGadinddih based on a second

further configured to: control the detected error

based 13§ B'of9®hsport | ayer protocol. 26. The processor

of claim 25, wherein the controller |ocalizes the

detected error. 27. The processor of claim 22, further

conf i §0r ed The: datpertari reedabie enadium dofstlaind B9, ovheadintthe first layer

det ect ed error.baseg on a sync |ayer protocol. 28. The

SPYRHES G CogMYUCAtoN I8y har i n t he second | ayer

conprises an application |ayer. 29. A conputer

readabl e nedi um enbodyi ng a method for multi-Iayer
31. The computer readable medium of claim 30, wherein the communication

layer comprises either one or a combination of a physical layer, a MAC layer and a

transport layer.

32.  The computer readable medium of claim 29, wherein the method further
comprises:

controlling the detected error based on a transport layer protocol.

33.  The computer readable medium of claim 32, wherein controlling the
detected error comprises:

localizing the detected error.

34.  The computer readable medium of claim 29, wherein the method further
comprises:
determining an error distribution of the detected error based on a sync

layer protocol.



integration for use in error recovery, the nethod

conprising: detecting an error in a nmultinedia data
whawedine a first | ayer protocol; and conceal i PQI/UR®06/008763

detected error in the nultinedia data based on a

second | ayer protocol. 30. Th@ﬁconputer readabl e

medi um of claim 29, wherein the first |ayer conprises

a comdiini cdiiesiompaesrreadzble mpdivgbapeleEn ZPesithgisin the second layer
'5891 Hggsoafn ag,k,?moﬁqa e¥\her ein the communication | ayer
con%rlses e

er omne or a conbination of a physica
| ayer, a MAC | ayer and a transport |ayer. 32. The

conmput er readabl e nedi um of clajm 29, wherein the
met hod®f ur thePeDEApfFrs SAULLIARYFE r BIGSTRPT: HET diseedlt efror recovery,

ebiBfisiigsed on a transport |ayer protocol. 33. The
con‘gutSIeg readabl e nedi um of claim 32, wherein

control | i ngletehénglett exbenh emutiimebadatadased drme @bmpiungation layer
the detected error. 34. The conputer readabl e nedi um
of cl &INPLY; wherein the method further conpri ses:

det er m ni NgoRMoIRKE Ble ddtctted Rtk b&RAGh attﬁﬁlsg&{ RGEEstotocol;
error based on a sync |l ayer protocol.35. The Conputer

readabl e neldicumingig a1 eiren distributien ef thetdeatrgliasberdor bayest on a sync

conprh%%§ gﬂx:ygkhcation | ayer. 36. A method for
mul ti- aygr i nt’egration for use in error recovery,
conpri si ngcofl@hbag ithe defectdd efrof Mn atheUhuitilstifa ddal dased on an

based on_ a conmuni cation | ayer protocol; controlling
the déPREaEEN BYFHProEekd on a transport |ayer
protocol; determning an error distribution of the
controlled error based on a sync |ayer protocol; and
conceadlli ng Artheppettmst fod m@oltielayem iftbgratier tformede dndeata@ recovery,
based .on an application |ayer protocol.
comprising:
means for detecting an error in a multimedia data based on a
communication layer protocol;
means for controlling the detected error based on a transport layer
protocol;
means for determining an error distribution of the controlled error based
on a sync layer protocol; and
means for concealing the detected error in the multimedia data based on

an application layer protocol.

38.  An apparatus for multi-layer integration for use in error recovery,
comprising:

a detector to detect an error in a multimedia data based on a
communication layer protocol;

a controller to control the detected error based on a transport layer
protocol;

a determiner to determine an error distribution of the controlled error
based on a sync layer protocol; and

a concealer to conceal the detected error in the multimedia data based on

an application layer protocol.



37. An apparatus for multi-layer integration for use

in error recovery, conprising: neans for detecting an
we@eeoen992e3 a nmul ti medi a data based on a communi BEL/US2IV06/008763

| ayer protocol; neans for controlling the detected

error based on a transport |ayér protocol; neans for

determ ning an error distribution of the controlled

error based on a sync |layer protocol; and neans for

concealgl ng % I I [ ' t

Pased on ot A5 PRE ol i lRler Miebifcfl oh yBF fh 2rfP eovery, the

Ppeessvi usnfiguredmst ti -1 ayer integration for use in error

recovery, conprising: .a detector to detect an error in

a nul ti medidgieaafR HR5 &Y domutimstitndaiackased 9n| agenmunication layer

prot ogplinc@, controller to control the detected error

based “on a transport |ayer protocol; a determiner to

det er m ne annteolrtbe deleced et based af a trhwspodigyeo ptatokcol;

error based on a sync |ayer. protocol; and.a conceal er

to conceal %Fﬁgnﬂ’@t tEY élstf@ﬁtl?lho s crRRtllnd Frgr g’ﬁie on a sync
based 193 gfotaePldn@at i on | ayer protocol.39. A processor

for nmulti-layer integration for use in error recovery,

t he processercegbiheidgiected eror injde eaultinmdierdatybaserd en an application

nultimg%i ta based on a communication | ayer
pr ot oC IS{:Og(%tO?oI the detected error based on a

transport |ayer protocol; determ ne an error

distribution of the controlled error based on a s¥nc )
| ayer 48r ot St EOMPHIFY ©adabie medien depbedyarg & msthadyTerygulti-layer

e 80 P AR L bR SV bocyi ng a
nmet hod f or detgbting hrayeor inrd egitahédim ditarbasesieor a cemnmnication layer
recov%%%buhpe nmet hod conpri sing:
controlling the detected error based on a transport layer protocol;
determining an error distribution of the controlled error based on a sync
layer protocol; and
concealing the detected error in the multimedia data based on an

application layer protocol.

41. A method for use in multimedia data processing, comprising:
performing error recovery of an encoded multimedia data; and

supporting scalability of the encoded multimedia data.

42.  The method of claim 41, wherein the scalability comprises either one or

both spatial and temporal scalability.

43.  The method of claim 41, wherein the error recovery comprises either one
or a combination of temporal error concealment, spatial error concealment and frame

rate up conversion.

44.  An apparatus for use in multimedia data processing, comprising:

means for performing error recovery of an encoded multimedia data; and



detecting an error in a multinedi a data based on a

comruni cation | ayer protocol; controlling the detected
weemoenIased on a transport |ayer protocol; dePE&r/nbI00610P8763

an error distribution of the controlled error based on

a sync layer protocol; and coﬁ§ealing the detected

error in the nmultinmedi a data based on an _application

| ayer pr ot deesns forsupportipg pesdpbiliy of she engodad mplisedip data.

data processing, conprising: performng error recovery

of an encoded mul ti medi a data; and supporting

sc aIh agﬁSl If t y’Il‘h&f ap@hﬁtlﬁvrfaﬂ:ﬁﬂl MLW}hdfﬁd: theb d(li:tﬂ@ilit‘ﬂ'&om'ﬂflﬁes either one

e of claim41l, erein the scalability conprises

eqrﬁjﬁg’rsl’éﬂ%l 25l t%?%a]sﬁ%lﬁe;’illty'and temporal scal ability.

43. The nethod of claim4l, wherein the error recovery

conprises either one or a conbination of tenporal

err or 4éonc eldlerapperatwspaftdlain €4, nehereiartbe atroerdcovny conmnises either

rate up conver.sion. 44. apparatuys for use in

PP Roaan ot Jeeeeeh GOk Srser L. SHdan e poponcealment and
TRl O RANEQJonr ecovery of an encoded nul ti nedi a

data; andneans for supporting scalability of the

encoded nul tinedia data. 45. The apparatus of claim

a4, V\,Ql%r e! 21}& %ﬁ)gfa;}@ f%p {Jéﬁl i%érélglﬁlg%ﬁaiscﬁ?’g periﬁée!gg%%,gc%%p?fsing:

bot h spati enpora

appar at us ah @torimtehtry vhapeidit td @edoind erHL every of an encoded
conprises either one or a conbination of tenpora
error TeYHBeddeRe a0dpatial error conceal ment and frame

rate up convensheiy o4 %oréﬂt @)pst&ﬁ%@lrt Q@algﬂ?ﬁtgl%ﬁ?hé theoded multimedia

mul ti medi a data proocessing, conprising: an error
recovelia. conponent to performerror recovery of an
encoded nultinedia data; and a scalability conponent
to support scalability of the encoded nultinedi a data.

48. Thg. appdealppsatls oFlcBim 47 withah ehd sdalidilsg @bapkikdst Mther one
conprises either one or both spatial and tenporal

¢ hpispriial ynd gnporilecalppidityat us of cl ai m 47, wherein

the error recovery conprises either

49.  The apparatus of claim 47, wherein the error recovery comprises either
one or a combination of temporal error concealment, spatial error concealment and

frame rate up conversion.

50. A processor for use in multimedia data processing, the processor
configured to:
perform etror recovery of an encoded multimedia data; and

support scalability of the encoded multimedia data.

51.  The processor of claim 50, wherein the scalability comprises either one

or both spatial and temporal scalability.

52.  The processor of claim 50, wherein the error recovery comprises either
one or a combination of temporal error concealment, spatial error concealment and

frame rate up conversion.



one or a conbination of tenporal error conceal nent,
spatial error conceal nent and franme rate up

w@oweeyeedn. 50. A processor for use in nultinmedi/asmas/ens763
processi ng, the processor configured to: performerror
recovery of an encoded nul tin@fia data; and support
scalability of the encoded nultinedia data. 51. The .
procesSeor df cemnpytps madablhaedivm erpleodying apiethodyfor use in multimedia

' [ hoth spatial and tenpora

g@a éggﬁngfhggkﬂgﬁgogﬁﬁggésor of claim50, wherein

the error rmpeefoxeing cCONECh8@S of i BRtoded enudiimedia data; and

combi nation of tenporal_ error conceal nent, spati al

error conc&HPPRIHRS 630l 08 theangodpd rapltimelis dsip- 53. A

conmput er readabl e nedi um enbodying a nmethod for use in

mul ti medi a data processing, the nmethod conpri sing:

per f or5di ng Ther compueero veadyble fmediviencd diadn M, t winerelinathe scalability

AP RE ear o srria Crpmpbe welibisie. mod um o

claim53, wherein the scalability conprises either one

or both spatial and tenporal scalability. 55. The

conputdér r dAgaiowuies deagablef mediminnef53aimabis rvehenein lee error recovery
error. recavery conprjses either one or _a conbination ..
SPPERBOPIIT Shecy & SREBIHaR ST Gyl erby fceaifin Spatial ervor

conearhdtahd Aathefrita P cortesibp. conversion. 56. A net hod
for use in nmultinmedia stream processing, conprising:
receiving nmultiple streanms of encoded nultinmedi a dat a;

per f orspi ng I g Lon.of .a
Crr cany and: TeasddBr o K AinRa S AR Rl ERR! Lo
t he mul ti plrecestingmuitiplSstreafisenf rptdied nofitimkdiamtataf,

wherein the error recovery conprises either one or

a
conbi nat i oRCBPTUBRSHPEICCRYS Y O @B FEQRFINE RPN P @jskpam; and

error concealoBRictiABhd MAMEnddR Gkl oY &lustif0 strens. AN
apparatus for use in multinmedia stream processi ng,

conprising: means for receiving nultiple stream of
encod?rml i.nedi a, dat a. ans for, performng error .
Fecovary ontamr Lol BE NS GG AR Bhipses cther one
or a combination of temporal error concealment, spatial error concealment and frame

rate up conversion.

58.  An apparatus for use in multimedia stream processing, comprising:
means for receiving multiple stream of encoded multimedia data;
means for performing error recovery on an erroneous portion of a stream;
and

means for reconstructing the multimedia data from the multiple streams.

59.  The apparatus of claim 58, wherein the error recovery comprises either
one or a combination of temporal error concealment, spatial error concealment and

frame rate up conversion.

60.  An apparatus for use in multimedia stream processing, comprising:

a receiver to receive multiple streams of encoded multimedia data;



means for reconstructing the nultinedia data fromthe
multiple streans. 59. The apparatus of claim58,

wob@eo9223 he error recovery conprises either OPET/U82086/008763
conbi nati on of tenporal error conceal nent, spati al
error conceal nent and frame raPe up conversion. 60. An
apparatus for use in nmultinedia stream processi ng,
conpri si ng:aNELIFosERGOYETy ¢OPoaE’l IPePCHAPIN; 5108 TRIOVelynen &f erroneous
encodfp(grtgg.hl i ®edia. dafa; an error recovery conponent to
performerror recovery on an erroneous portion of a
stream and gecbhrRaE@BRirltoCicotnstiact deontltiriedia tdag from the multiple
mul tinedia data fromthe nultiple streans. 61. The
appar &t'68M%f cl ai m 60, wherein the error recovery
conprises either one or a conbination of tenporal
error conceal nent, spatial error conceal nent and frane
rate up. coriberappantus6d.clAmpb@oelssein theerrosecbwery comprises either

nmul ti medi a, str.eam_processi ng, the processar. confi gured -
(088 et EPPITHIPR 951 EBORL SHR! GPGATRINCC IRk PP dRcealment and
Ao raRAlS @mRe@IgnOr recovery on an erroneous portion

of a stream and reconstruct the multinedia data from

the nultiple streams. 63. The processor of claim 62,

whereiny the, error recovery. c ris .t her one. or .a
conbi n6gti oﬁA‘ é)fr&fegsr%o oglusgrl}1 o%@gﬂ%cgélsﬁgéﬂj,pr%%ﬂngi the processor
ebhfigurednceal ment and franme rate up conversion. 64. A
conmput er readabl e medi um enbodying. a nethod for use in

nul ti nedi a 1% apiisiplcdeams gf enogecmuliBrediadaiti si ng:
receiving SAIP [ ;
perform ngrﬂglfﬁr)g?leﬁgi%\%er y 8125%%&@1?6?%%8%2&182? g #r?)?}rg’g%ﬂa
stream andeqoastoms threuntitingedishdatarfrbini the divltipdastee abnsom

the multiple streans. 65. The conputer readable nmedi um

of claim64, wherein the error recovery conprises

ei t hefgzone 9k Fo&R8R| dFaldifNe D wheSRAhAL8Y feRbvery comprises either
conceal nent, spatial error conceal nent and frane rate
9pe curiy 6pmbimation of temporal error concealment, spatial error concealment and

frame rate up conversion.

64. A computer readable medium embodying a method for use in multimedia
stream processing, the method comprising;:
receiving multiple streams of encoded multimedia data;
performing error recovery on an erroneous portion of a stream; and

reconstructing the multimedia data from the multiple streams.

65.  The computer readable medium of claim 64, wherein the error recovery
comprises either one or a combination of temporal error concealment, spatial error

concealment and frame rate up conversion.



