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I. BACKGROUND

Field
[0002] This invention relates to methods and apparatus for decoding real-lime

streaming media on handheld devices.

Background
[0003] Due to the explosive growth and great success of the Internet and wireless

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 diai-up, integrated services
digital network (ISDN), cable, digital subscriber line protocols (collectively referred to
as XxDSL), 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



environments. [0005] The demands of higher data rates and higher quality of
service in both heterogeneous |IP networks and nobil e communi cation systens
are growing rapidly. However, factors such as |limted delay tinmes, limted
transmt power, limted bandwidth and nulti-path fading continue to
restrict tmo ®ai@I22at es handl ed by practical systens. |RCT/REIHV/HBES a
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Anot her reasaon that I use. data .l ogs i,n _excess of the initial corruption
is due to i r%vtgplpbog’?%é'd‘%a ARSIt te giﬁ‘.se %e i dentification of the initial
bit errdooqmsiti oChihel coding, for example, Reed-Solomon coding, is used to improve the
robustness of the source-coded data. Joint source-channel coding methodologies have
been used to provide varying levels of error protection to source coded data with
varying levels of importance or to enable rate adaptation of coded video data to
available network bandwidth through partitioning and dropping packets. This is
because the common transport protocols do not deliver corrupted data to the source
decoder.
[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.
(00097 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



WD 20061099223 PCTJUS2006/ 008763 3 not a trivial task and typically is not
possi bl e without a special design supporting the identification of bit
error positions in a MAC | ayer or physical |ayer conponent. Hence, upon
detecting bitstreamcorruption, the decoder may have to stop decodi ng and
move for wAPQ@M69928% bitstreamto find the next resyncHWBMngFﬂﬁﬁﬁb0|nt and
in the process necessarily skipping a sjzeable anount of potentially
heal t hy dat a. AIthough enul ation of a 'fferent codeword, which is the sane
| ength as the or| t hentic tieS8em Lo be | ess of a
or obl e wi t 1 dsdtel Bt op Dol df Bk BRIt § B SR SO 6T
actual l'y nOtldEﬂlﬁlc@taﬁﬁof bTﬂ'Efoo@pesi@mfmzﬂylvmmybﬂbr\qdhyﬁthlﬂiyeﬁcdfnantOfHeafe error
may |lead to failures in a decoder's correct bitstreaminterpretation. For

exanpl e, in ¥ROBrdeiegHREhitsieycOTURtHEy hegleerdshmey have p %t%d?ﬁw@sraéémove
(conpr essi ong L el atigdne Bﬁsrtl%ﬁi%t B fid H’{Q%ﬁt M dBDniAh b BORE atnﬁ‘?n %H@%@&s@f t he
follow ng portion of the bitstream Hence, an I ncorfect val ue such

obj ect may |weackstnlyakippingorsizsaile Ianmgntwéamenmaih@eplﬁlet et oAltth@b:Bmi]ulfBenause

e COMTUY LELTSRCLPEOLSER) S0 19t s Y0 3058 bl 0

ability to dasabel Right edefOcShe Wsi bf &hagdnn i frefaeket the aé’qilence of events
resynchroni zatl on being the nos comon sol ution. An i rrproved thod of
handl i ng bit f‘é?lﬁ?fisabwafhw aa?atltaHY@Ptrta? casgr JPSGALG BANUNEYH: Bhickh #ds Kind t o
probl ems sucly 45345 @auztetfameé A58 @il DCOREE HiisuCROSNADRLRIH! atdion, is
needed. 11. SUMVARY [ 001 I n one aspect, a nethod and apparatus for

mul ti-layer éxamply at inost Oﬂlrrpntlméeqsrt 1@1: mrobjacsco\ﬂ@rmtsumﬁwmemhddtedr means
for detectin 0 a fir

protocol; an r%%fﬁ%é% f’?’\sge Vtaﬁkgs 1&@%} get cF Sé’lr'll’a}c{)rD t& %&ﬂom R ? heé)%%’(t%agiased
a second | ayHencps ah dacdrrect valdaobhatchaapadiect axﬁhyamartatais1rfcﬂfreclfl’uﬂntstreé1ﬁyer
integration  for use in error recovery, conprises a detector to detect an
error in a nifEPRRHEPH data based on a first | ayer protocol; and a conceal er

to concgmiit he d%&ﬁ&@%@&:baﬁm%ﬁl@&n tdchiBR ﬁot%h@elbcﬁ)?ﬁgteerﬂaﬁt gegend
| ayer protocol. In the nethod and apparatus for nmulti-layer integration,

the first | a@ﬂ@@d%ﬁ?ge@h‘mﬁp@e agdie deqeden apati¢agian), slx,ﬂeiecodﬁhéas cbmitehilulyiton | ayer
may conprise h gl h | Iayer
and a trans plé)a(r?ltd IcI glli eeﬁ%? Q\&léhg\gg&)m{tg H%C{](ﬁt%da i % gr%hﬁ)%l 18&’% fngatheMﬁ

conpri se netoeher srmaﬁ:s Aaringemtetombthod df H&mdlﬁ?ﬁge(biteﬁl'rtﬁﬂ rtmit haﬁed erora

transport | ayer
P ropagation and data loss due to problems such as synchronization loss and incorrect

on
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H. SUMMARY

[0012] In one aspect, a method and apparatus for multi-layer integration for use in error
recovery comprises method or means for detecting an error in a muitimedia data based
on a first layer protocol; and concealing the detected error in the multimedia data based
on a second layer protocol. In another aspect, an apparatus for multi-layer integration
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.



protocol. Controlling the detected error may conprises |localizing the
detected error. WO 2006/ 099223 PCT/ US2006/ 008763 4 The net hod and appar at us
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error concealment, spatial error concealment and [rame rate up conversion.

[0014] In a further aspect, a method and apparatus for use in multimedia stream
processing comprises method or means for 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. In still a further aspect,
an apparatus for use in multimedia stream processing comprises a receiver io receive
multiple streams of encoded multimedia data; an error recovery component to perform
€ITOr TeCOVery on an erroneous portion of a stream; and a reconstructor to reconstruct
the multimedia data from the multiple streams. In the method and apparatus for use in
multimedia stream processing, the error recovery may comprise either one or a
combination of temporal error concealment, spatial error concealment and frame rate up
conversion.

[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.



a conputer readabl e nmedi um and/or a processor configured to carry out the
met hod or the operation of the apparatus. WO 2006/ 099223 PCT/ US20061008763
5 111. BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] FIG 1A is a block diagram
of an exanple of a comunications systemfor delivering streamn

mul ti medi aWOROBP922FI G 1B is a bl ock diagram of an exafkies28/0g87es

mul til ayered conmunications systemfor delivering stream ng nul tinedi a.
[0018] FIG I1Cis a block di agram of another exanple of a multilayered
conmuni cati ons system 1;13]; e i A g [0019] FIG 2Ais
a bl ock di agram of an pte ure for decoding
stream op16ul ti meEiGa.1Al &Oa?tB]ocEldiimaB df&maepqamptwcﬂ)h cstmimainagr ameof fa

mul ti-layer integrated manaqemant systemthat includes a transmtter and
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Sol onon erasure and Turbo codi ng [ 0022 is a ow di agram of an
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of a mul ti neeiraminge/ioneLysidh B8 dehenng streafmifg mdltinfed@25] FIG 7 shows a
flowchart of a process for errqr recqvery | V.. DETAI LED DESCRI PTI ON [ 0026]
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mul timedi a dgeoERk shSnf#RShhiadia | Ntegrated error recovery capabilities are
provi ded, such as, for exanple, detecting an error in a multinedi a data
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symbol s Reed Solomon erasure and Turbo codmg.

[0022] FIG. 4 is a flow diagram of an example of a method for decoding streaming
multimedia.

[0023] FIG. 5 depicts a Turbo Information Packet structure for video data.

[0024] FIG. 6 shows a block diagram of an example system of components that may be
part of a multimedia receiver 24 as shown in FIG. 1.

[0025] FIG. 7 shows a flowchart of a process for error recovery.

IV. 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 mulitimedia 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



with estimted synbols that are obtained frominformation available to the
application conponent, such as previously decoded video, audio, text, and
graphics information. In the follow ng description, specific details are
given to provide a thorough understanding of the enbodi ments. However, it
woul d be uwdensd¢wordsby one of ordinary skill in the artPOYIZ00FNG9223

PCT/ Q52006/ 008763 6 that the enbodi nents nay be practiced w thout these
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process, many of the, 6 operations can.,pbe perforned in parallel or
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operati quue7IRy beyiiealad idbU8d: sondérRiE ertSmh e bEHEREBE asWBBcdst Swiagtefsat i ons
are conpleted. A process may correspond to a nethod, a function, a
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The system 20 i ngl ud a trapsmtter, 22 and a receiver multinedi a decoder
24, T ann t PpOEaet 35 Bkt OF b insebiol il cr e BTG & POFOYAT FOBDARGr e
i ncludi ng, byhendt operdtich®trelc@mplétdie 8, praddel Bay EirABPdrESo atn@Xiod, aRthcPbiCtaur es.

The data can be conpressed video and audig as in the MPEG x and H. 26x
standards, EORPHES SeYPBRYHNGD 1a40PRLIHE CloPEGeR 2ARCSeSMEITESPONRS dhd TWICHoB audi o

or voice co I : di g .,0029
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Transmitter 22 acq rom various sources Including external nenory,
t he I nternetfunaneh.a |ive video and/or audio feed. Transmitter 22 al so

net vor k OBSL0 60 LB AT UEn O Plebiar' BB BIOGN, SR et vor
26. In the casfefithg Wire@£hiag SmulGERTINI THE isAilerd Y itEidef @ WATsKIRS TABnCanpri se,
for exanple, part of a code divisiaon ] ] L
receiver multimedia decoder 24. Transmitter 22 contains compressed multimedia data
of various forms including, but not limited to, video, audio, graphics, text, and pictures.
The data can be compressed video and audio as in the MPEG-x and H.26x standards,
compressed audio as in the MPEG-4 AAC, MP3, AMR and G.723 audio or voice
compression standards, or any other type of digital data.
[0029] Transmitter 22 acquires data from various sources including external memory,
the Internet, and a live video and/or audio feed. Transmitter 22 also transmits (Tx)
acquired data over a network. The network can be a wired network 28 such as
telephone, cable, or fiber optic, or a wireless network 26, In the case of wireless
communication systems, network 26 can comprise, for example, part of a code division
multiple access (CDMA or CDMAZ2000) 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 (Temestrial Trunked Radio) mobile telephone

technology for the service industry, a wideband code division multiple access



mul ti pl e access (CDVA or CDMA2000) conmmuni cation systemor alternately, the
system can be a frequency division nultiple access (FDVA) system an
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division multiple access (TDMA) system such as GSM GPRS ( General Packet
Radi o Ser vivoe)WdEDBGES (enhanced data GSM environnent) orPOETRAGITES estri al
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(WCDVA), a high data rate (I xEV- r 1xEV- ld Multicast) system or in
general any Wg foMAak ac@%@%fac‘aﬁ %Egﬁ%e% 'é‘ﬁggﬁ E?Qlda%bﬁﬂf’ti_éﬁt%ﬁ gt in

techni ques. ge{n@%%y WREBALNAMNGARSRLRB M BANSyinS HEBmBR afor @ééﬂnfq[lé‘sq uency
antenna or a network connection, for receiving data over w rel ess network 26

and/ or 0381 net wBeded@824 coEeingl@rcary spely 29 Achdiddraquéncyplnéenpr ot @swbiverk
ol udi g anye GOULI3L 80O e PFRT SE8RR0L8udae A YR Bl 5aTAE 2

processor uni't such ds a gn pr ocessor
sof twar e, fi Devaiee,24anthyhaidiyder emdtigld @scasors dacludidge any aombthiagtif i dfutai ng t he
denodul ati on and decodi ng tasks associated with receiyed dat@w-&rf’dD‘?CQ er 24

al so cont ai nEERERBTY ESmyBHdrResoli GRrdRsogestyr vk (RAL 8ohe Wt '

1gita
i ntermedi at ?si@ﬁéi%x&d&s%@&b@lﬁﬁ i A9RS fighwhide afieAREULAL L RA/ AL ofbNGoR! @GeSS. I N
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such as Real femiuie ap py g g (e.g
MPEG-4 AAC, MP3, AMR or G.723). The video core may perform the more
computationally complex tasks of video decoding comprising dequantization, inverse
transformation, motion compensated prediction, and deblocking (a form of filtering to
reduce edge artifacts between pixel block edges). One or more elements may be added,
rearranged or combined to communications system 20. In the case of wired
communications systems, network 26 can comprise, for example, part of an internet
protocol (IP) based communications system with transport protocols such as Real-Time
Transport Protocol (RTP) or Universal Datagram Protocol (UDP).
[0031] FIG. 1B is a block diagram of a multi-layer protocol stack used for dividing
tasks in transmitter 22 and decoder 24. Upper layer components 205 and 210 in
transinitter 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



Transport Protocol (RTP) or Universal Datagram Protocol (UDP). [0031] FIG
1B is a block diagramof a nulti-layer protocol stack used for dividing
tasks in transmtter 22 and decoder 24. Upper |ayer conponents 205 and 210
in transmtter 22 and decoder 24, respectively, may include nmultiple

appl i cati owe 286¢b92a3, for exanpl e video or audi o encod¥iTsUBHE/ B 6Hecoder s.
Sonme enbodi nents may include nmultiple %ireans of information that are neant
to be decoded simultaneously. In these ases, synchronization tasks of the
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[0033] FIG. 1C is a block diagram of a more detailed example of a multi-layer protocol
stack used for dividing tasks in transmitter 22 and decoder 24. Upper layer components
205, of transmitter 22, are distributed in one or more of an application layer 206 and a
synchronization layer 207. Lower layer components 215, of transmitter 22, are
distributed into one or more of a transport layer 216, a stream or medium access control
(MAC) layer 217, and a physical layer 218. Similarly, Upper layer components 210, of
decoder 24, are distributed in one or more of an application layer 211 and a
synchronizatton layer 207. Lower layer components 223, of decoder 24, are distributed
into one or more of a transport layer 221, a stream or medium access ¢ontrol (MAC)
layer 222, 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.



distributed into one or nore of a transport |ayer 216, a stream or nedi um
access control (MAC) layer 217, and a physical layer 218. Simlarly, Upper

| ayer components 210, of decoder 24, are distributed in one or nore of an
application |ayer 211 and a synchronization |ayer 207. Lower | ayer
conponent sWR2006/089228lecoder 24, are distributed into oMCTHWS2AWGIER76F a
transport layer 221, a stream or nedium access control (MAC) |ayer 222, and
a physical |ayer 223. Those of skill in the art would recogni ze t hese

| ayers e fam liar with the. allocation of various tasks ampng them An
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flaggi ng of uncorrectable corrupt data, e.g., groups of one or nore bits.
The MAC | ayeflaggigmi onesstecble W@P&%g-gmﬁgtqusrpgwwmmﬁh@-s’Emd\/IAﬁdafseér
conponent (T, /el and Transport
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corresponding  Bing bos comect and corupt bis ant information Hagging the comapl Boups of
bits. The corrupt groups of bits and the corresponding f{lagging information comprise
information corresponding to Turbo-decoder CRC failures 33, and Reed-Solomon
failures 35. (In certain protocol stacks, the Transport Layer De-Mux component 36 is
also known as a Stream sub-layer, where the MAC sub-layer and the Stream sub-layer
are both sub-layers of the Transport Layer.) Transport Layer De-Mux component 36
may demultiplex (De-Mux) or parse the bitstream it receives into a plurality of
bitstreams. The parsed bitstreams can include bitstreams that are targeted to different
applications such as a video decoder, audio decoder, and various combinations of text,
graphics and image applications. The Transport Layer De-Mux component can also
parse one bifstream 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 & base layer and P and/or B frames



failures 35. (In certain protocol stacks, the Transport Layer De- Mix
conponent 36 is also known as a Stream sub-| ayer, where the MAC sub-1|ayer
and the Stream sub-layer are both sub-layers of the Transport Layer.)
Transport Layer De-Mux conponent 36 may denultiplex (De-Mix) or parse the
bi t stream iWORMEBINBs into a plurality of bitstreans. TREPFAIEEEGI t st reans
can include bitstreans that are targeted go different applications such as
a video decoder, audio decoder and vario s conbi nations of text, graphics
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for closed captlonlng‘8 ync. Layer_Parser onent 38 forwards the Parsed
bi t st realB3Tlo t he 1 adkpmicdhe a@é@aé%scusaiﬂpwoaﬁt iTaFPaIt dayeriPe- MUk fremponen
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text to be displayed and played at the appro ate tine I n addition
to the par5|HQKMmdumSkemdého¢épbﬁmaﬁgbmimﬂuayewﬂE@;whwhdoﬁwonémmntwﬁihay

ot o mat on 440k HEatn e Bioh el B P ST on ey bt NP Rhi veo
from MAC Lay®t/o¢ Qg apetpriatd aﬁmdatlﬁjswmyelabmb@ye;e g32}. video tdagodBy, NG anl AYES
Par ser conponent 38 _and/ or t e ropriate applicatiaqn |ayer process (e.g.,
a vi deo decod@?o dege TS 2yp4i baver PdI'SEI component 38 may forward the corruption flagging
information in the form of error distribution information 37. The Sync. Layer Parser
component 38 may also forward recommended error control strategy information 41.
The application layer process can then use the corruption flagging information 37 and
control strategy information 41 for error handling.
[0038] Application layer component 50 may contain one or more components such as,
for example, Error Recovery component 40, Scalability Component 42, Frame Rate Up
Conversion (FRUC) component 44, Core Application Decoding component 46 and Post
Processing Component 48. Application layer component 50 utilizes the forwarded
corruption flagging information 37 and the control strategy information 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. Afier decoding, Post

Processing component 48 performs any necessary hardware specific modifications to



decoder). The Sync. Layer Parser conponent 38 may forward the corruption
flagging information in the formof error distribution information 37. The
Sync. Layer Parser conponent 38 may al so forward recomrended error control
strategy information 41. The application |ayer process can then use the
corrupt i onWd Bgg9ze3i nformati on 37 and control strat eg§CTVRPWPHEBTOON 41 for
error handling. [0038] Application |ayer_ conponent 50 may contain one or
nore conponents such as, for exanple, Ettor Recovery conponent 40,

Scal ability Conponent 42, Frane te U Conver sj on,. ( FRUC onent 44,
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2006/ 099223 POFOUSHCOS/D0B763 low Kualiabierdins (ingyenepdag] 2y ey erlibenderd ng of
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respectivel y. "Post "processi ng conponent 48 Tay al So I|Joer orm “enhancenent or
restorati on efer ahhansndes as ea tshedarediacline cemplaned. o4 pidesebitsedam [ GiR39]

Core Application Decqading conponent 46 can include a video degoder(s), an
20 o BbcodePTmEEE 1 Tt SRR G Bon Lo L PEAE BB Bkhi ng
Error  RecovekdideSeahidBednhiky framdnd-&ke (REMEESSHINGS Qfchlah B-HahdsQig sBRlatcat i on
bitstreanms prior or during decoding with Core Application conponent 46,

enhancenent s Pe&ifopas nfidle ateo requirpt 9 entchesclabillifyt yacapisision oypdg ey 1spilispeest r eam
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data paod4d]i oni ng, trRliseiBich @A vibetidcBoMBel erbéaloaBiildntWill ARG Sikdch@n. and
error resilience requirenents for stream ng video. Details of processes
utilizing t héngorpoakneisarppiror detection and comrection scheme uses a concatenated code
including both an inner (channel) code and an outer (channel) code. The concatenated
channel codes consist of a Turbe (inner) code in the physical layer and a Reed-Solomon
(outer) erasure correcting code positioned in the transpoirt/MAC layer. FIG. 3 depicts an
example of multimedia symbols organized for concatenated Reed Solomon erasure and
Turbo coding. With respect to the enceding side, symbols output from the information
source, binary codewords output from an encoder, are blocked into bytes 102. Each
byte 102 is considered a symbol in a finite field known as a “Galois Field (256} for the
purposes of an outer (N, K) Reed-Solomon (RS) code over GF(256). N and K
respectively denote the sizes of the entire RS codeword 104 and its source data 106
holding systematic portion in number of symbals, Thus N —minus K gives the number
of parity symbols 108 included in each codeword 104. An (N, K) RS code is capable of
comrecting 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



mul ti medi a decoder 30 are presented below. One or nore elenents nmay be
added, rearranged or conbined to transmtter 22 or decoder 30 shown in
Figures 2A and 2B. [0040] A brief discussion of error detection and error
correction will now be presented. One exanple of an error detection and
correcti onWrHemI®R3es a concat enat ed code includi ng bBEHUBHIG/HREP
(channel ) code and an outer (channel) code. The concatenated channel codes
consi st of a Turbo (i nner) code in the physical |ayer and a Reed- Sol onon
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|ntobetes by adding N-K parity bytes, and hence, rows K+1
in FIG ar &agjeher at ed. The top K rows, consisting of source data 106 are
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row 112 is ams@jad%dp@cﬁacwh@ﬁcmuﬁmR@dmdafﬁmyatmee&s}d@heﬁmumrwdmm,orm
trailing bits required for the correct operation of a turbo coder. B
appendi ng a successtully correct for erasure depends on the total number of erasures within a code

block and the number (N minus K) of parity symbols used per RS codeword.

[0044] In the channel coding design targeted for multimedia decoder 30 of FIG. 2, if the
Reed-Solomon (RS) Code Block has erasures beyond the correction capacity, the
corresponding RS Information Block (FIG. 3) may be passed to components in the
transport layer, syne. layer and finally the application layer with a joint notification
flagging which of the K Turbo Information Packets 112 (FIG. 3) are corrupt. The
systematic structure of the outer (N, K) RS Code over GF (256) enables the
straightforward utilization of turbo information packets, which are correctly received
(not corrupt).

[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 js 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,



checksumto each row 112, those rows failing to satisfy their respective
checksuns after turbo decoding may be decl ared erased. Each code bl ock 110
is input one row 112 at a tine into a turbo coder, and, hence, each rowis
referred to as a Turbo Information Packet. [0043] The turbo decoding
process presents hard-deci sion data to the Reed- Sol onon decodi ng process,
whi ch furtBsr2onedores the rate of residual errors. The BBINPIK6/40§763
successfully correct for erasure depends,.on the total nunber of erasures
within a code block and the nunber (N mthus K) of parlty synbol s used per

docoder 30 ob e HIAG Ly RGO b Ao B brcht™ PR O B ot TR b s

beyond the cestR6abi 8nsLapacity, the correspondi ng RS I nf onnati on BI ock
(FIG 3) nmay be passed to conponents in the transport |ayer, sync. |ayer

and findP¥dplt he aﬁfm a‘ath%am gask Soloman lepeslivg hapdriertednndsorestedy §f i whi ch
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networ k 26 afeiréstadeandibe iloesedx®@mupt Eagalong wotiyibe daggingipdermegap slsentying2 of
FIG 2 f i yed pnoi:sy 1. 62.
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corrected 64 all errors that are correctable, Turbo |Information Packets
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individual bitstreams. In addition, when individual bitstreams are to be time

synchronous, the bitstreams can contain timing information.

[0048] After the individual bitstreams are parsed, error handling takes place at the
application layer where corrupt bits are replaced 78, 82 and 86, utilizing one of several
techniques of error recovery or concealment. Error Recovery component 40, Scalability
component 42 and FRUC component 44 of application layer component 50 in FIG. 2
can perform the acts of replacing 78, 82 and 86. After the corrupt symbols are replaced,
the individual video, audio and tex{/graphics bitstreams can be decoded, 80, 84 and &8
respectively. Core Application component 46 of application layer component 50 in
FIG. 2 can perform 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. 3 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



the corrupt data, are all passed on for bitstream parsing 68. Physical |ayer
conponent 32 and/or MAC Layer conponent 34 of FIG 2 can performthe act of
identifying (e.g., by flagging) 66 corrupt data. [0047] As di scussed above,
Transport De-Mix conponent 36 and Sync. Layer Parser conponent 38 parse 68
t he bitstr&anoneew3a plurality of bitstreans targeted POFURNTIEToR
application |ayer processes. In the exarrE%e showmn in FIG 4, the bitstream
is parsed 68 into video bitstream 70, autlio bitstream 72 and text and/or

graphics bitstre 74. Each . bistream 70, 72 .a 4 can caontain data.
Yent | fyi ng. QOFELBTOGROTOE L Bl P&5 D Phichehd” TonditorAlat WBhcidpedte s |
addi tion, whenrtkdei Ydwluaba bhtisfofreaivs ek 143AbeThd MEnaisiyip Qlafa0R fusne Fhes
bitstreanms can contain timng information. [0048] After the_individual

T

bi tstreans al®ajsdrisaaws dftr [andrtRgnddhe Srpiragefapv HEE- afpyi dati 8P | ayer
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t echni ques of error tecovery conceal nent rror overy conponent 40,
Scal abi l ity idatificatient sy2hmndatRUONe ofrpon elentiflehtion (Appkincatbeomnd pyseibly
conmponent 50 ,in FI 2. glan erf rmthei gc_tsdof reFI acing 78 ‘)82 and 86.
After the co#?yﬁbtnugg?ﬁ’bb‘? 16, £85¢, 8 P 12YSF 1Y) ity cOTaRGEPeri Be€8) EfaPE®and

t ext/ graphi CSnfEhﬁaﬁffohe@gﬁc.Q@ﬁﬁeﬁ’%@i@@&d@s@o i&ifPrh BOdyRS3 Lag@%&ﬁ,@f (s¥ebyin Core
Application conponent 46 of application |ayer conponent 50 in FIG 2 can
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corrupt bits that may hav een flagged by fower ayer conponents. e or
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Figure 4. [0049]..An e )| e..of identifying 66 corrupt bits by flagging of
briShasih WSty

corrupt data, & PRP&KE Wi 1T now be discussed in rore detail .

FIG 5 depiigts a FuthethebihigmathdMurPATKSmagbl Bedkel &vf rauipdaaydahéadeBl ock
140 represents_a set o o Information Packets such as the K rows of
1

f Turb
Turbo I'nf or méd Horlhadiesk STH dé4 raREHg Laptthe g an Afferialaitish BlGERSHEM ct ed

in FIG 3. A Rbo Wf@lﬁﬁtﬂ%ﬁ?aa&&l‘dhﬁ-i@d o & sLhags enerdNe, 8&0@&%9§§§he
PCT/ US2006/ 0087 14 Turbo Information Packet of data to be enco . For

Exanpl e, a fiGf&et Pomtes, vakle, itdelf. Sttang 8¢ OHsetoReitid2 o bm ilierfitpnaratvicbn thiock
148A. The rerggilgj ng, d%ﬁ,awisrb fracrge_ F ége.]l q]cgt gld i‘%_rrﬁws_,.;ﬁZH%, b14L2C 11142D
and the firstS5ar T oPFovis T4IE COREI 1A0A 4] V&S é_gth & né Syhe Y A58} 1 sh)
146A whi ch caiy aiths FREGhFBdEn00e Sdedn@Bhal neam scid@N{EhdrChlab 08, 1) in the
synchroni zation tinme, frane identification (frame nunber and possibly
corresponding TH. For Example, if row 142C 1s corrupt, then the TH of row 142C can
be set equal to one. The Last_Flag is used to indicate that the current row is the last row
of a Frame (by setting it equal to one, for example) and if it is the last row, then the
Oftset_Pointer is used to indicate where in the Turbo Information Packet Row the next
frame starts (in number of bytes). In Row 142E, for example, TH 144B can have
(Last_Flag = 1) and Offset_Pointer can be equal to the number of bytes contained in the
row prior to the start of TH 144C (ihe start of frame F3). Sync. Header 146B may
contain data indicating the Frame JD and bitstrearn as discussed above. Information
biock 148C contains video data representing frame F3. If Row 142E were determined
to be corrupt. Then the decoder may not be able to determine where frame F1 ends and
where frame F3 begins.
[0051] In addition to (or instead of) including an Error_Fiag 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.



| ayer number in the case of a base |ayer and an enhancenent | ayer), and
other information. Sync, header 146A serves to identify to the Sync. Layer
Parser (see 38 in FIG 2) where (which application) to send the data
contained in the following information blocks representing frame Fl. At the
end of eacWOr2owii98223 CRC checksum as di scussed above, PaHVEHIG¥8WEed in
conjunction wth Reed-Sol onon decoding t identify erased (corrupt)

packets. [00501 At the begi nni ng of eacﬁl%Turbo I nf ormation Packet row is
transport |ayer header J_TL“ 14— Fach—TFH-144 n

Of f set Pointer. Hﬁlﬁmeﬁ@@er aané‘HF%eﬁﬁtlmWer‘SmP ﬁ#@f‘ﬁﬁtloéﬁaﬁé%I?Qt“a‘@éfql| ed out
at state 66 of H G ofyy @nwﬁee%@%u%eﬁﬁgews% Sc@tl_lz?ﬁélnﬁ]%rhtgﬁésH%Llanéeis :
Setting the Ofslet Pointer to an illegitimte value may signif he packet
as bei ng corrupt. Alrf'rtelnmiatlvely, an Enor_Flag field may be used |n tHe TH.

Fl aggi ng can be jac d set rror Fl = in th
cor?glspgndi ng TH. éggp E}fg‘i"?%i éhé/[?afse Pb%li%%@%fi‘%%w ?r Ofttﬁgeﬁalpﬁgl @ﬁc%sfa r ow
142C can be set| equghulipidBgr sddillk@st - Flag is used to indicate that jthe

current rowis the last row of a Frame (by setting it equal to one, fjor
exanpl e) and if |t Fiaget hengtastengibw! videe framaén bes.set Pointer is used tjo

i ndi cate where i rbo ) nformatio ket . Row n arts

(i n nunber of bytegljl% % Eigdﬁg afngrpgy}cﬁﬁfl%ls ‘ n‘i%&ﬁcceﬁ%pﬂg\/sma(aﬁﬁst Fl ag
= 1) and O fset_JPoi Iiltl@rmﬁﬁrlaodlﬂlfﬁtmﬁl Stich 4 her Aeyhies s@feshytzassyaairbakard i n t he
row prior to thel start of TH 144C (the start of frame F3). Sync. Headgr 146B
may contain dath i BENEXPFHYTEhECEPEHBIEIT and bitstream as di scussed dbove.

I nformation bl ock , da f[%ggﬁﬁ . Row
142E were deter ng%fééltqrgfoggﬁg%;sﬁﬂ%%q entdtatﬁ{lgggg%g rh(?rué?/l no f }le to

det erm ne where frafmemels tearhdsii@tvded.v\here frame F3 begins. [0051] In addition

to (or instead o 2 |ncI i acgggr or-Flag in the transport header as
di scussed above, FH‘glaé PY be constructed and forwarded to the
application |ayed Ny Bi*"?m'b@flﬁfoﬁ%ﬁth&ﬁ%dké{secﬁ‘c 'fﬂm-ga(t&lcﬁmés {wkn easRk aadeo

frame. WO 20061099223 PCT/ US2006/ 008763 15 Frane Nunber - an integer
nunber within a finpt@aBet of framnes, 30 frames for exanple, where the
nunberi ng restar t he h|
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mul tiple layer sgal abirhptiiie five bits ‘00100’ would indicate that the third Turbo Information
Packet out of five packets is corrupt.
» Error_Ratio — a variable indicating the ratio of corrupt Turbo Information

Packets to correct packets (1/5 would indicate one out of 5 packets is

corrupt.
[0052] Table 1. Sample Information Contained in a Video Bitstream Error Table
[0053] Other bitstream error tables, similar to Table 1, can be constructed. The error

flagging information contained in the transport headers and/or error tables such as Table
1 may be utilized by the application 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 80, respectively, in FIG. 4. As discussed above,
erasure packets from RS coding are not discarded but handed uvp 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 concezlment operations are carried out on erasures and burst errors.



Frame_Length - length of video frame in bytes. RAP_Flag - a flag indicating
if the Frane is a random access point, such as a fully intra-coded |-frane.
Such a flag may al so serves as a resynchronization point when errors are
encountered. Presentation Time Stanp (PTS) - a tinme in a sequence of frames
when the fceweenivg2280 be di spl ayed. Franes Per Second PERPBj200049f1sér of
Turbo Information Packets the frame occupies (both whole and partial)
Error_Bit_Pattern - a variable i ndi cati ng’ which Turbo I nformation Packets
are corrupt_(the five blts ©00100" woul d indicat the third Turbo

| nfor mat i on Desrding ewere (e 0ilyE FrrRars C‘i’%ecﬁegr‘fsmgtMA%E&fIWmF‘&ﬁ gosteriori

variable i ndp%ﬁmn@%té}ﬁemt kP uRf e£@fcr paRkibIRUT tmmwfu@ﬁ nz%h&nbe RAGKRIS ateO
correct packets (1/5 would indicate one out of 5 packets is corrupt. [0052]

Tabl e 1. Sanptnsedled osinmspasn! Goheraemeeral mfamvige&osi naghberng BracwbloTib(e
[ 00531 St et DL BILRA SR tF oS UL Bhoti) o] ARLE ob o 6, DEGRNBKT Ot ed.
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fromRS coding are not discarded b handed up To the application |ayer,
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of replacing corrupt can e on

mai n forms, @&patat leé:ﬂﬁﬁhudmt'ﬂcﬁddﬁn[’gl% otaneeal d‘@ﬁtsthﬁiﬁeﬁsﬁmea&ﬂnle@ﬁﬁdm@rror
correcti on and conceal nent operations are carried out on erasures and burst
errors. @6@%5’9@‘3”@@1’?%2@ BI08763 16 Decoding errors (due to byte

errors) [@{ESS] corr egk efscusdeAGWVAR LMBXI MR @ POSEEIU0Hd: EYORARI IHeYdame
criterion to the extent possibl'e. Errors that cannot be corrected are

conceal ed usibiigiespatinabe apngiverd. t Blimpbweals danfioelndd iaormsé rlayer el ghiooeri mgre
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on in video CcO
not available in the base layer (such as bi-directional predicted B-frames), or they can

provide higher quality differential refinements to the base layer pixel coefficients. In
the case of differential refinements to buse layer coefficients, if the buase layer is
corrupted, then the enhancement layer may be uscless since it was derived based on the
base layer pixel values. Thus, the enhancement layer can be omitted from decoding if
the base layer data is corrupt. This process is called selective decoding and may also be
used under low power scenarios. For example, when the device hosting the decoder is
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.

[00506] An enhancement layer (sometimes treated as a low priority layer) may be
transinitted 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
recetved 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 subseguent 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



standards, but smaller sub-nmacrobl ocks such as 8x8, 8x16 and others, could
al so be wused). Tenporal conceal nent can be used, for exanple, when an inmage
is static over nore than one frane. If the corrupt macrobl ock being
concealed is in a region that has remained relatively constant in previous
frames, it WE20F/R¥P to be present in the corrupt framBCRYE2VHESHAst frane
regions could be used as an estimate for %he corrupt region. Spatial

conceal ment can take advantage of edges 5 obj ects that persist over

nei ghboring nmacro ks within t sange frane. 055] As_discussed above,
mal Cipl e | oy POsit entnehebdob b o liivig  ee o Bingim e il REURT Bl e
recei ved. Thehdyaygbs désped Methvidadderkss effdc@lebtRNante BIFriMéstire Goh areement
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avai | abl e i n SEREPIRIGE PEGFETOPASEEIN B 19 Y Bicthe ores phad dheyt &gl pRafigs), or
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pi xel coefficients. case 0 erenti a efinenents to base | ayer
coef fi ci ent s pribfity eyeba¥fetht aylemcérgent doer isptadmitteHen atlhecephesrc e the Bayer

may be useleﬁ§ since it was der% %Q based on the base |ayer pixel val ues.
Thus, the enHaHCERARRERI&FHEEHN Be°SHP Pt ed from decoding if the base |ayer

data is [gosglupt. Tihi B-I&QE eaSank BRak)peGf RIGTIs complitgd pdbngptanichaRY eabs0 be
used under | ow power scenarios. For exanple, when the device hosting the
decoder is MGIEMAL Sipve SviliseEhnid mabas towporal fsisprjial anﬁ%ﬂm@ﬂw}fe@ﬁg&% t he
pase |ayer Cafl.mdeGarled QMLLLLAGh IRIANDAAGSIRNL4 LAKRS. 5 s veuling
conpute cycl es and in tur power consunpiion. Spatial and/or tenporal
conceal nent tf&dHKhixqued tcangberas dd by frap. aBRUCtdue donbi ned thasgnphigsa
enhancenent %a er d@ta. %90§f¥~A” enﬁan%gnent Ia%eﬁ gsonetinesotr%ggﬁg as a
low priority FaFel ¥&y sH&P HERS HFPIEE Gt TESTBWRE" S5 S 4 "¥he TBaSe | ayer
(or high pri a¢dhhyuban@ize. mdthnS vichGr @asese! ihlennlcabakinld byevidhs efaprerandn
enhancenent | ayer over the base | ayer. Hence, when the received base |ayer
contains a hisgPFepEnt BAPS G IGFPYRE gp)ies foR@0sap ypdersnd Pixglerlbegnact fbténti al 1y
be_dropped. - [085i6le i $tfA0LHONBb. b BAIELED i 3TRSC (e%_nﬁga&%ﬁam@g &cRigdi cted
fromboth a previous frane and subsequent frane using notion conpensated
predi ction. Bubramdsewnbflerassivied yfaningh deavpderssioFREET pefand dree pyaidy-

Gosi bl o { o SARAFDY LESLBE0N St Pow' S ROl B35, SEBL08 ARG '
S2006/ 003763 ufiliZesCHdmPinf@niatiBr FhafRs:BineSiplenesed Ehaincpnes Bfdreatiaf (SBry ot her
frames, and for this reason
messages of H.264 or the user_data message of MPRG-2.
[0059] T1G. 6 shows a block diagram of an example of system of components that may
be part of a multimedia receiver, e.g., reciever 24 shown in FIG. 1. System 600 is a
multi-layer integration system for use in error recovery. FIG. 7 shows a flowchart of a
process for error recovery that may be used by system 600. With reference to Figures 6
and 7, process 700 receives 705 one or more streams of multimedia data. Data streams
may include video, audio, and/or closed caption text and others. The received one or
more streams may be of encoded data. Encoded data may be transformed data,
quantized data, compressed data or combinations thereof. Receiving 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 muitiple
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,



t hey can be dropped w thout adversely affecting other franmes. B-Franes are
al so nore susceptible to en-or propagation due to errors in the franes that
t hey depend on. For these reasons, B-Franes are very likely to be carried
in an enhancenent (or low priority) layer. If the enhancenent |ayer is
transm tt edoano@bder power, then the B- Franes is evePCHBsWIEI8®epti ble to
errors. [0058] If a B-Frame (or any otheb%type of frane) is conpletely
corrupt, or has an error percentage abo a threshold naking tenporal or

spatial error conceal nent unfeasible, . then Frane Rat ver sion (see
FRUC conponeh®t &£TgFs gt¢ gorresjab ifa‘“r?dﬁéy ot the kg 133’%?&9@‘“’?@ W.E)'e‘?ft r{l]é’o’r‘@l:-’ §éifer at e
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user-data message of MPEG 2. [0059] FIG 6 shows a bl ock di agram of an
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The recei ved c&ﬁﬁjs@rmqrm[g%ﬁﬁﬁgﬁﬁ@ Jreynhe af: anerdedoadaaabokicedadodatsa may
be transforned data, quantized data, conpressed data or conbinations

t her eof . Rec@t'tmq@glp@éeﬂ\@abme eqers pydnyBinQaonps pi gateecigA nrakety, ddedkye 705
the one or ”‘th%ﬁsfiaﬁ &”Bacg!aﬂtoa%déttb' 89016190(:1\ etﬁgt'c\élm{ﬁgt{ﬂFldEﬂeP[legeﬁ&rse%ﬁtr&f

mul tinmedi a, eac ise nultiple ayers, e.g., a base
| ayer and an7&hhaycenestd Ioayeetmnslaemeaywtplcﬂdwtmﬁube sapioiocel esg nark eworsed

recei ver or a conbi atlon 060] Erraors remaining in,t itstream are
det ect ed 710I°™HiiEny &8?%"%?%?‘13“’% Dits gy s ot gﬁd%h@g?’bf‘g PeMuiMPHg after

lover |ayer efkRr(scORERCLBOMIANY, AGIRE layOR mABY &EQE@hﬁns@@a\t@aﬁPhéﬁt@P gdorsone of
the errors that were introduced by transm ssion over channel , e.g.

Wi rel ess cha#itédatopstogpthgrieatiehandrrs|iocaBzosppr I@ycllpAckeAsthdt we msdedp above,
or more corrupt transport layer packets, thereby further localizing the errors in upper

layer bitstreams. Controbling means such as error controller 610 of FIG. 6 may perform
the error control tasks.

[00062] An error distribution is determined 720. In one aspect, the error distribution is
determined based on a sync layer protocol. The one or more bitstreams that were
received 705, may be parsed at the sync layer. If the sync layer receives information
from one of the lower, e.g, communication layers, marking corrupt data, it may be able
to identify which portions of which bitstreams are corrupt. Having such information
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



WD 2006/ 099223 PCT/ 1JS2006/ 008763 18 not all errors are correctable and any
of the ower |ayer protocols may mark corrupt data and/or groups of data
that contain errors. The | ower |ayer protocols used to detect 710 errors
may be inplenmented in a communi cation | ayer as di scussed above.

Comuni cat vah2iday8es may be one or a conbi nation of a pRYSUSHhOAMYEr, a MAC
| ayer (or Stream | ayer), or a transport 5gayer a conbi nation thereof.

Det ector means such as error detector 605 in FIG 6 may performthe error
detection 710. Error det enﬁt 605 lr:gig.%se ang of vgrl ous detecti oa §cherres
known to thodBdiEF &cpire M sios captyol 7do dnformpgligh. @ MCIRYH PRART U™ UPHEdt ode
schenes as dirg@is s86r 8RN RN NEhANk, dBLeC iR NcRBYoPReAYes iRy iltRBChbadiigire in
a Turbo-decoder. Error detection may be due to failure of a Reed- Sol onon
decoder. [006RC Derfewstne dlagarr packetimy Thie detsrningd leaigr Zigribyriosetney die Hsthaods.
Control 715 i rr.upt :

di scussed abg%m@%%ﬁ t?%@aﬁbpqa%gng% él&g @ ’%ﬁ“ﬁg %#5?3%@5 ?@%\r@@?fyi ng
gr oups of datpax,seced;ga pacrkatské!mrmhrhmg:insans ssth nsesncn fdi saresion miaeroinkogidspay

sub- macr obl ocks, ?1) ont ai tnge detected errors. Control 715 may be based
on a transpOtdFtel‘Tﬁ’yl?E 2006 FB@BThSt 4 a protocol may mark errors remaining by
encodi nggerg or mEEl%r l?éc’b%%ﬂn@ bE RPN TBYSE pheadeind Ofe bS oY eAtRRET

| ayers (see FIGS. pper | ayers nmay use the transport |ayer
header error nnilwaﬁdzatd@twtr@@mr uEpleiecoVgBhmpy e apwd on appeition daygppetocbhy er
packets that C ts,

t her eby furtrﬁ)ﬁfﬁgﬁ?ig S ﬁlgé%tesrlgﬁrgpr? (%mutglpeegBE %}E}géﬁ hrsEt h)ggc%fnwv%le
Controlling rcrempen@rmha}adete]mmm whanttypd bleerrd IecobryRoGse @asﬂyonpimt‘drmaﬁmn t he
error control tasﬁgﬁg{OOG 1An §{0r distribuytion is determ ned 720. In one
aspect, the &FFbF PR PLISHBEL PR e FTITESHG VBN THRYSPRPTIFG i or @

protocol . Theo@BRa@in SRESpHL &tdreafahial, syeihterrdreeficiRiknl ORI fiify rakeuPar sed
at the sync layer. If the sync |layer receives information fromone of the

lower, e.g, comERPTEREN dsafersed phavkri sighorsraibtr reptbadls. Gonpaglinpéetatite  t o
[ dentl fy whi f t

i nformation %HOR% tﬂ{ b{h% o m%hﬁpg]?éedﬁasaa%%%gn&?%?g%glbg%%uoﬁlper \ﬁkg%é@{ﬁg
application Ipa:;tecm) Enborecowmm@almmlpmdioarabéﬂty off thra@a)@merrynfstidta‘ste@nms
Different strate endln on th suglélof tge corrupt

Cat o Fhe ©r SRasOln’ payin5e BB of TSl S b g Yot RBPUR st SRefiRid bo

combi ned i nt Qb&SWNCELAYRERAE kRhSs §L@ nhe eHef vabde cb&pblﬁlﬁt 49 IF9GS 2ANRRAY cat i on
| ayer conponents depending on which bitstreamthey are part of.
perform error recovery 725. Error concealer means such as error concgaler 620 may

an

perform error concealment. Scalability means such as scalability components 42 of FIG
2A and 620 of FIG. 6 may support scalability in performing error recovery 725.

[0064] Process 700 may include reconstruction 730 of the one or more bitstreams.
Reconstruction 730 may cemprise combining correctly received data with concealed
data. Reconstruction may include reducing a frame rate (a form of temporal scalability)
is the amount of error in a frame exceeds a threshold. Reconstruction may comprise
electing not to decode or conceal or correct an enhancement layer (a form of SNR
scalability). Application layer protocols may be the basis for reconstruction 730.
Reconstruction means such as data stream reconstructor 630 may perfonn
reconstruction 725. One or more elements may be added, rearranged or combined to
systemn 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.

[0060] A method for decoding multiimedia data that includes receiving a bitstream,
petrforming emror control decoding of the reccived bitstrcam, wherein error control

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



Transport |ayer packets may be of fixed | ength, and sync | ayer packets may
be variable |length. The sync layer may identify the error distribution by
inserting data to identify which part of a variable | ength sync packet
contains a corrupt transport |ayer packet. In WO 2006/ 099223

PCT/ 1 JS2008Y®087#322319 addition to using the error cont POFUFAMARTGr mat i on
a sync | ayer protocol may include furthgé error detection nethods. These
error detection nethods may include checking CRC s of sync |ayer packets.

The determ ned error distributian,.may he further nicated to . _

appl i cation F&V@?‘%8%%8ﬁ&ﬂ#@“ﬂyngg%ﬁFﬂﬁa“g?é8?“%%%§?ﬁ§%d?ﬁ?%¥Fﬁ@““péfsed
dat a packet s.led9etbofé 1B The) GdIHEABS bSibCidagec@tling! theli esiok | datitrblodecd@ddE bindtitesm, 615
may determne 720 the error distribution. [0063] Error recovery may be
per for med 725n%¢ripsegeRipcedils o he 2B ASATRr BICaPRE rihg e lupesdias vty CSOF eans.
Er ror 1 ecovers,imy dbsdbased o, AR 178t b k@Y SEnbBIOtAGObsing ARRS:EAL On

| ayer conponents may performthe error recovery. The appfication [ayer
conponent s nagendtiétieg therwerwpti wis sugtpthabfnyerymbplsreoeugng/cdrmptibes frasdutited

information received froma sync, |layer,  as discussed above. Error recovery
may conpr | se BRETBH 2 BOMT AP o SRtk Bane HEMRor bR R 4B |l
error COﬂCea'cﬂEﬂﬁtnilﬁgndlegfaﬁm iRk Ral ideMTYREShORLTREK]s, el &6 Usoedatabove,
as well as other nethods. Concealing detected errors in the one or nore

nul ti nedi a d&eBlayes dafgapatipaympRpimg Sediderilign balpgp inesitiPenin ayeguenss o Hider .
Error recover y @l.s0, 0} c i 4 W88, Lh I € reans.
Scal ability %}?{Ei@'nclﬂﬁg agﬁgaoﬁsb%%’t ﬁlg' gﬁété%&aﬁlgl% E)nrb ﬁtdgﬂg%?‘é‘ﬁ rggi aflg%%ﬁnt%gl as

di scussed alvoval biEtean inlecovst parselansirsaut hndis seaond parsed bitgregme efpribnt 40

of FIG 2A erformerror recavery.725. En-qr conceal er ns_such as
error conceg}afé?l l%ﬁid GICGHE Y %ﬁ’ﬂ%eglla}’ed)r/b“éﬁ?fq@jeﬁﬁl 15t SCCRE U %W%é\%%ﬂ such
as scal abi | i tepheRepenenesbiremh. FI G 2A and 620 of FIG 6 may support
scalability in perform ng error _recovery 725. [0064] Process 700 may include
reconst rﬁQ@%’Tf]on 730" Frethogefop slecastingrpdimpidia data 4ha. Inclrdesorfseivingtd BHSIESD: nay
conprise Coﬁ?eﬁbﬁﬁing%‘ ro??olltilolr SEBHNE At deditcl GRRESA! GflereHAbRor control
Reconstructi on may Fncﬁu e reducing a frane rate (a form of tenporﬁ

scal abi lity) detwlitgheorapngntideatiiens ovrripn béts fthaimee exrtc eadsicl, physaghtbe @rror

Reconstruction may, conprise el ecting ngt to.decode.or conceal or correct an
enhancerent | 1 ayar P bl GrrSreibog et By PR Bif et PRIy RRefR6 ocol <
may be the basdssohsf theG@NGHEUET] BN pelBmingRRaRNEld WE thoRrsiRARSwetCHfiRs dat a
streamreconstructor 630 nay perform reconstruction 725. One or nore

el enents nay HEcadadecanddrgngaicsydipnippieageangol decoded bitstream.

[0068] Those of ordinary skill in the art would understand that information and signals
may be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be relferenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thercof.

[0069] Those of ordinary skill would further appreciate that the varicus illustrative
logical blocks, modules, and algorithm steps described in connection with the examples
disclosed herein may be implemented as electronic hardware, firmware, computer
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



system 600. One or nore elenents may be added, rearranged or conbined to
process 700. [0065] Exanples of the nethods and apparatus descri bed above
include the followi ng. [0066] A nethod for decoding nultinedia data that

i ncludes receiving a bitstream performng error control decoding of the
recei ved bwostn@rm2iwherein error control decodi ng conpT/Ee0G/ g f yi ng
corrupt bits that are not corrected, paz?rsi ng the error WO 2006/ 099223

PCT/ 1JS2006/ 008763 20 control decoded bftstream incl udi ng the identified
corrupt bits tp a decoder, rep east one of the identified blts
and decodi ngeﬁcﬁé’d@‘rcmcﬂ apiatiomy Wé@%%@lﬁp?‘g?@@fﬁfmoﬁ@]0&& ’F‘fﬁ%f’ FePERdaced

bits. In an aspRshg a"dBlﬁnﬂﬂf%W&ﬁtifdﬁcbﬁb%fthm&&&@&n@ﬁfoﬂé ng the error control
decoded bitstream | nto one or nore synbols, and parsing information

i denti f y00§I t he cBha wptiowsi ilseieie tagel é’llﬂﬂ(%y?ﬂ}@P@e@fénﬂ‘wdﬁleﬁ:g a@fbrcrlewts bits
dentifi | t d
are identifigd .a% &OEJan%tron PieR et deh, 5‘?’% Qﬁ&ﬁos&&“ﬁ | np'gl? Lﬁ%&iﬁ &enu " es

constructing an error contai ning the parse yi ng
the corrupt péfamenheitie at pereeil rprpdsablrecessoant aligis: |s|i§ner mmqegsm fapp), y t he

identified b|t to positions in a seq e of i deo r not her
aspect, the ﬁlé%ﬁ%tb"“fﬁl?f??h%ﬂm?%{&tf:ﬁalé%m @ﬁ% f PIQ&%P“@@%E?‘BF’”‘%@&?‘

bi t stream i ntPo@ef pr %6?:%111%‘[;&:@@01@'&%& Qﬁdﬂe@@%t@oﬁﬁﬁ%ﬂ@ox%@@eﬁs&ét& sliigam where
the first parsed treamis a base |a bitstream and the second parsed

bi t st ream i scanponepRapicenyeemitingion thireadt md fropsiopmAhadrveans gescdecdodi ng
| timedi d t
Cont rof decolr 8y o SRRt PG pLGElol 1Y o8 o Pl RhIoGRRD:, pRT MEMB R B i g

eam Control
conpri ses i derteskyi ngyclor lam]otcoh)vctmomdhqﬁo@sm nodnteder, enicemtongpaks,i og statee err or

control decode bi taér eam i ncl udi gg t he |dent|4| ed corélugt bllfs to a
decoder, repFnaE 1% PIPRESSY TBR% 6P BehATRIGRIEE Ped GPRRINAYPTH 87 FORRYHS frane

rate up conveggiln et weeBmdinkiisStor hr ase and 2 .88 bdoama, pRAgidegodi ng
the error control decoded bitstream [0068] Those of ordinar Skl| in the

art woul d un#He¥SPIAPRISYREANCI oA MR eAL{TOPIOBIEPTS ITerall wictipmyvilher Pelresertt 8 usi ng

any of a var t technol ogi es and techni ques. For exanple,
data, i nstru(I?l"t%ir%sr%lgfil cﬁif%ﬁzﬁf}g information, signals, bits, synbols, and

chi ps t6&@t] may b&ha eélar encedthibh o ughotitn ddseriladdveoteston ptithahe meamies
repr esent ed

or particl es%ﬁlﬁﬁ%é ‘PP’é‘V%m : élbgndtl?c g}té%r{gg%ipc%m%\é gfl}ngﬁln%%éé‘i%ggf S48
[ 0069] Thosenph pe;rcessearoy isKEdthbiidnhs g hders apRy L€ ndt@e MidtredifieinBANOUS
'ITustrati Vememory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An example storage medium is coupled to the processor such that the
processor can read information {rom, and write infermation to, the storage medium. In
the alternative, the storage medium may be integral to the processor. The processor and
the storage medium may reside in an Application Specific Integrated Circuit {(ASIC).
The ASIC may reside in a wireless modem. In the alternative, the processor and the
storage medium may reside as discrete components in the wireless moden:.
[0072] The previous description of the disclosed examples is provided to enable any
person of ordinary skiil in the att to 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 coriupt data, in a decoder application,
to perform intelligent error concealment and error correction of the cortupt data, have

been described.



| ogi cal bl ocks, nodul es, and al gorithm steps described in connection with
the exanples disclosed herein may be inplenented as el ectroni c hardware,
firmvare, conputer software, m ddl eware, m crocode, or conbi nations
thereof. To clearly illustrate this i %erchangeability of hardware and
software, various illustrative conponefits, blocks, nodules, circuits, and
st eps have been descri bed above generally in ternms of their functionality.
Whet her  sygiy £ Eﬁﬂﬂﬁk#bﬁsﬁs i npl enented as hardware or software depends
upon the particular applicafion and design constraints inposed on the
overall system Skilled artisans may inplenent the described functionality
in varying ways for V[)ﬁ%931099223 P?T/U82006L008763 ﬁl(?ach, artjcul ar
application, bdt suchmeHotdaeiseanering tpa psersrdn eHBYEimeABdausing Bpliret ed  as
causing a he,scope of the disclosed nethods. [0070] The

vari ous iﬂ ug??§¥?§giﬁggkﬁgﬁgblocks, conponents, nodules, and circuits
descri bed i n connectdeoting dhertrdran exautpimediadiamclio g dastigree basedwy abe

i npl enented or perforned mﬁﬁh a general purpose processor, a digital signa
processor (DSPPF“@H”ﬁﬁggPﬁgﬁfﬂﬁﬁ specific integrated circuit (ASIC), a field
programmabl e gat e ar iR errdiQhiBGonRIAR ARG ExbrAdh & sEBKl By di SCTEt €
gate or transistor logilc, screte hardware conponents, or any cC i nation
t her eof desi gnédsddonpeprbarcol fonehef seomtd layes; slelscri bed herein. A general

pur pose processor nmay be a micropraocessor, but in the alternatjve, the
processor may be anyopgsaliBaesisicted caos isihe mylimediadagy via ﬁiﬂEFi)lélﬁ?ﬁ roller, or

state machi ne p,&OPESRRLI IRV ARAR B8 WIPhENEARAM.ASA: GRIRLIALT on of

conmputing devices, e.g., a conbina a mcroprocessor, a
plurality of m croprocessors, one or nore m Croprocessors in conjunction
with a DSP core, or _any other such configuration. [0071] The steps of a

met hod or al gor%-thm%%?th%@fqlﬁnbbﬁﬂl?&m%ﬁ st Ryenrempiisipt es  di scl osed
herein ma g i irectly in hardware, in a software nodul e executed
by a pr oc)eégg%}@q%?%ﬁgggconbi nation of the two. A software nodul e may reside
in RAM nenory, flash nmenory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renpvable disk, .a CD-ROM .or_ any other form of
storage nedi um3: knowreimethegbotglaim Mg Aheec OB OB AY R $PTETIES Ul ed t O

t he proce . f i, 0f i and wite
i nformati %ﬁtﬁ%r&%‘ét%ﬁgtcg??g}%ggn ﬁgé?gﬁ&ﬂaﬁ?%ﬁ?ﬁg ér%:f? ?\%g%a'n éI %‘? %pf age medi um
may be integral to the processor. The processor and the storage nedi um may
reside in an Application Specjific | ntegrated Circuit (ASIO.
4. The method of claim 1, further comprising:
controlling the detected error via a transport layer based on a protocol for

the transport layer.

5. The method of claim 4, wherein controlling the detected error comprises:

localizing the detected error.

6. The method of claim 1,
wherein the second layer comprises a sync layer, and wherein the error
distribution identifies which part of which bitstream is corrupt and provides one

or more of error concealment and error correction strategies to the third layer.

7. The method of claim 1, wherein the third layer comprises an application

layer.

8. An apparatus for recovering from an error in a multimedia data using

multi-layer integration, comprising:



The ASIC may reside in a wwreless nodem In the alternative, the processor
and the storage nedium may reside as discrete conponents in the wireless
nodem [0072] The previous description of the disclosed exanples is provided
to enabl e any person of ordinary skilg in the art to nake or use the

di scl osed net hods and apparatus. Vari as nodi fications to these exanpl es
woul d be readily apparent to those skilled in the art, and the principles

defined herein may he.APRLi@Rofig: 81 BeS i 5MliRRdA i BAN b 23Rk fFENt s ey

be added. [0073] Thus, netho apparatus to decode rea I me stream ng
mul ti medi a, utaifirstdyay; bit corruption flagging informati on and corrupt data,

in a decoder application to performintelljgent errqr conceal nent and
error correction of M43@s gﬁﬂﬁ@ﬁ?‘%%}em\@m%@m Qfé@%g‘?t% I'ergor b 1S

CLAIMED | S: 1. a?r&ss&&qgréggmﬁg&%lg%@g froman error in a multinedi a data

using nmulti- layer Integration, “conprising: detecting an error in a

mul tinmedi a data vi a ngeahs f@tcohagating irsietbctd eror pr the andtintkdin datucbabéd @t | ayer;
determ ning an error distribution of the detected error, via a second | ayer
based on a protdEeioceldpr & Hhirddayessad theydstermuned csion dBHIRHENt he det ect ed error
in the nultinedia data via a third | ayer based on a protocol for the third
| ayer and the determ ned error distribution. 2. The nethod of claiml,
wherein the fist | ghenppaansioselain g, wherairthe 8tst iyet ayaprisesa The et hod of
claim 2, wherein the conmunication |ayer conprises either one or a

conbi nat i GAMERUNCAHRAYEAYERl | ayer, a MAC layer and a transport |layer. 4. The
nmet hod of claim 1, further conprising: controlling the detected error via a
transport | ayer based on a protocol for the transport layer. 5. The method
of claim4, whaogei n Thenppahlus b clatie 9dehaeinate esmaunation lagescomprzeal i zi ng
the detected error. 6. The nmethod of claim1l, wherein the second | ayer
conpri ses ciheyang or ayembingtian gha physical e aMAC layesapd Butanspert @8er i fi es whi ch
part of which bitstreamis corrupt and provi des one

11.  The apparatus of claim 8, further comprising;
means for controlling the detected error based on a protocol for a

transport layer.

12.  The apparatus of claim 1 1, wherein the controlling means comprises:

means for localizing the detected error.

13.  The apparatus of claim 8,
wherein the second layer comprises a sync layer, and wherein the error
distribution identifies which part of which bitstream is corrupt and provides one

or more of error concealment and error correction strategies to the third [ayer.

14. The apparatus of claim §, wherein the third layer comprises an

application layer.

15 An apparatus for recovering from an error in a multimedia data using
multi-layer integration, comprising;
a detector in a first layer that detects an error in a multimedia data based
on a protocol for the first layer;
an error distribution determiner in a second layer that determines an error

distribution of the detected error based on a protocol for the second layer; and



or nore of error conceal nent and error correction strategies to the third

| ayer. 7. The method of claiml, wherein the third | ayer conprises an
application layer. 8. An apparatus for recovering froman error in a
mul ti media data using nulti-|ayer intggration, conprising: 23 nmeans for
detecting an error in a nultinmedi a dat&a  based on a protocol for a first

| ayer; means for determning an error distribution of the detected error
based on a protocol f I X f.or ing the
detected error in tﬁémﬁéF%Fﬁgéﬁgg%%?éq@%§§§&§gﬁﬁgagfgf%g%ppﬁﬁbéa third | ayer

and the det er minngtdmediadatadiaséd oibabiotstol for alihied aypandtisdatmdha end, wherein
the first layer conprises a communication |ayer. 10. The apparatus of claim
9, wherein theditiPHii®ncati on | ayer conprises either one or a combination of
a physical layer, a MAC layer and a transport layer. 11. The apparatus of
claim8, further conprising: nmeans for controlling the detected error based

on a protocol fi@r a THerappaR@kbLftiayeN s, hereihiige ARpRIyat tinisechai m 11, wherein
the controlling neans conprises: mneans for |ocalizing the detected error.

13. The appaymHnieation layeni m 8, wherein the second | ayer conprises a sync
| ayer, and wherein the error distribution identifies which part of which
bitstreamis corrupt and provides one or nore of error conceal nent and

error correctiqr. striglce@psatutof tiatn 1B wherkiayRe comhénicdiieh Rpgaoaipsseof claim
8, wherein the third | ayer conprises an application |ayer. 15. An apparatus

for recoveatthergpnerosmeambaration of a phyedl layre @iMAderergod agranapart layeray er
integration, conprising: a detector in a first |layer that detects an error
in a nultinmedia data based on a protocol for the first layer; an error

di stribution deger mmerappitatusSECRRAE 15 Ayethert ddaipridgiger m nes an error
distribution of the detected error based on a protocol for the second |ayer;
and a controller to control the detected error based on a transport layer

protocol.

19.  The apparatus of claim |8, wherein the controller localizes the detected

€rror.

20.  The apparatus of claim 15,
wherein the second layer comprises a sync layer , and wherein the error
distribution identifies which part of which bitstream is corrupt and provides one

or more of error concealment and error correction strategies to the third layer.

21.  The apparatus of claim 15, wherein the third layer comprises an

application layer.

22. A processor for recovering from an error in a multimedia data using
multi-layer integration, the processor configured to:
detect an error in a multimedia data via a first layer based on a protocol
for the first layer;
determine an error distribution via a second layer of the detected error
based on a protocol for the second layer; and
conceal the detected error via a third layer in the multimedia data based

on a protocol for the third layer and the determined error distribution.



24 a concealer in a third layer that conceals the detected error in the
mul timedi a data based on a protocol for a third | ayerand the determ ned
error distribution. 16. The apparatus of claim 15, wherein the first |ayer
conprises a comunication |ayer. 17. The apparatus of claim 16, wherein the
conmmuni cation | ayer conprises either Ohe or a conbination of a physical

| ayer, a MAC | ayer and a transport |ayer. 18. The apparatus of claim 15,
further conpri gisng: ﬁegﬁmegé& ofblabi? 28 O0hdrGh twﬁrs@eg/ep&&gpﬁeg gr based on a
transport |ayer protoco e apparatus of claim 18, wherein the

cont r ol | ercolnpumlidaties ldylkee detected error. 20. The apparatus of claim 15,
wherein the second | ayer conprises a sync |ayer, and wherein the error
distribution identifies which part of which bitstreamis corrupt and
provides one oy MO e QoL of EQNE 93! WRAHLinAREcGhmAhicEO6N RGEI @ptistat egi es
to the third | ayer. he apparatus of claim 15, wherein the'third |ayer
conpri ses eaher applr |a@ambmmtlloayoéa phgsical faypr, (addsﬁdayércamdraewvm laged r om an
error in a miltinedia data using nulti-layer integration, the processor
configured to: detect an error in a nultlnedla data via a first |ayer based
on a protocol Hsor tfig drbdeslorcR¥RIm 206k gu%ﬁﬁgafgqgor distribution via a
second | ayer of the detecteé)error ase on a protocol for the second

| ayer; and conceal tcoatrdlethedttedeéemror vigadraaspolnt lager|bayat o @mptdeeobtdritharedi a
data based on a protocol for the third | ayer and the determ ned error
distribution. ZB05stIaYele processor of claim22, wherein the first |ayer
conprises a communication |layer. 24. The processor of claim 23, wherein the
comuni cation | ayer conprises either one or a conbination of a physical

| ayer, a MAC | &per daid podessmsyfolaim 2ayehereiShe ddrergleo beslias tlof detdcaddm 22,
further ceg&&gured t o:

27.  The processor of claim 22,
wherein the second layer comprises a sync layer , and wherein the error
distribution identifies which part of which bitstream is corrupt and provides one

or more of error concealment and error correction strategies to the third layer.

28.  The processor of claim 22, wherein the third layer comprises an

application layer.

29. A computer readable medium embodying a method for recovering from
an error in a multimedia data using multi-layer integration, the method comprising:
detecting an error in a multimedia data via a first layer based on a
protocol for the first layer;
determining an error distribution of the detected error via a second layer
based on a protocol for the second layer; and
concealing the detected error in the multimedia data via a third layer

based on a protocol for the third layer and the determined error distribution.

30.  The computer readable medium of claim 29, wherein the first layer

comprises a communication layer.



control the detected error via a transport |ayer based on a protocol for the
transport | ayer. 26. The processor of claim25, wherein the controller

| ocalizes the detected error. 27. The processor of claim 22, wherein the
second | ayer conprises a sync |ayer , 2 d wherein the error distribution
identifies which part of which bitstre is corrupt and provides one or
nore of error conceal nent and error correction strategies to the third

| ayer. 28. Theproc L . i Li j ses an
appl 1 cat i on 1 a2 Gmgileri bl e AR BT Shitn By holefing SEhuERARY 20

r ecover i ndafer oompaseseitharorerora combinat®oliofia ghysical fiyer anvAQ lalyeryaad a
integration, the nmethod conprising: detecting an error in a nultinmedia data
via a firdfanspgfbla¥dased on a protocol for the first layer: determining an
error distribution of the detected error via a second | ayer based on a
protocol for the second | ayer; and concealing the detected error in the

mul tinedi a dat 82vi a Ehetdoinptitdr agteinble basiddn oficlainp 281 wharkinftbe ntetiedtthithat | ayer
and the determined error distribution. 30. The conputer readabl e nmedi um of
claim 29, RHWEtH the first |ayer conprises a comunication |ayer. 26 31.
The conputer readabl i i . I ol 1pailyh I ayer
conpri ses either oneC%S{r}Bglhgghrﬁéer%%{t‘?doérﬁog&%&%ﬁ@@?@ﬁﬁ?gger, ?‘K‘/ﬁ%‘“@a%r and a
transport | ayerthe 82nspéhdayepnput er readabl e nedi um of claim 29, wherein the
met hod further conprises: controlling the detected error via a transport

| ayer based on a protocol for the transport |ayer. 33. The conputer

readabl e medi umsof Gl ter O 'e'?né%i%hroggl'ah{fgz}Qﬁereﬁ%ﬂ&&ﬁﬁg?ﬁ or
conprises: localizing the detected error. ) e conput er readabl e nedi um
of cl ai m 2Rtecwdderer bombesasher ei n t he second | ayer conprises a sync |ayer |,

and wherein the error . .
localizing the detected error.

34.  The computer readable medium of claim 29, wherein the
wherein the second layer comprises a sync layer , and wherein the error
distribution identifies which part of which bitstream is corrupt and provides one

or more of error concealment and error correction strategies to the third layer.

35.  The computer readable medium of claim 29, wherein the third layer

comprises an application layer.

36. The method of claim 1, wherein the first layer comprises a
communication and transport layer, wherein the second layer comprises a sync layer,
wherein the third layer comprises an application layer, and wherein the method further
comprises controlling the detected error via the transport layer based on a protocol for

the transport layer.

37. The apparatus of claim 8, wherein the first layer comprises a
communication and transport layer, wherein the second layer comprises a sync layer,
wherein the third layer comprises an application layer, and wherein the apparatus further
comprises means for controlling the detected error via the transport layer based on a

protocol for the transport layer.



distribution identifies which part of which bitstreamis corrupt and
provi des one or nore of error conceal nent and error correction strategies
to the third layer. 35. The conputer readable nedium of claim?29, wherein
the third layer conprises an applicatbgn | ayer. 36. The method of claiml,
wherein the first |layer conprises a conmunication and transport | ayer,
wherein the second | ayer conprises a sync layer, wherein the third layer
conpri ses an ap@ i catrhondayely RNHaifer £ Whbid MRt Rt f Uy bmpRAIPLI Ses
controlling the detected error via the transport [ayer baSed on a protocol
}‘ or the tcroanmpﬁcettioha@ndrtrmﬁ?r_t Tet}er,aglp?ciatths sex{onldlla'yem c&mpnhe&_r eistgnﬁt feeyef,i r Zt
ayer conprises a .C ni cati.on an ranspor r, .wherein secon
| ayer conprhsas G GAdRICA eI AEPETE TR A0 Ly A ApPReRS T
appli cati QR AKE! o BRHoMRSHE e APRILAIH Sorlitdl HE teteCRURIGD SsdoaNS T OF
controlling the detected error via the“transport |ayer based on a protocol
for the tr@aosparforthaymnspatlay@8. The apparatus of claim 15, wherein the
first layer conprises a conmunication and transport |ayer, wherein the
second | ayer conprises a sync layer, wherein the third layer conprises an
appli cation | avey, and WGLELR bNEIARPINA whelkl LHETfis AT 86RpAukORL Ol | er
in the transport | ayer to control the defected error Pased on & pr ot ocol
for the tronemoitatioaye. trar3fort Thver,pwlgreinsthe sedond! layen @prisheneaiync tdyer,f i r st

| ayer conprj ses comuni cati on and transport |ayer, wherein the second
| ayer conpVhaeid the dhind layey cpmpriggsedic Applicaon aver 4ngh wWhershniie) Ieeessey 1s
applicati y i J fur L o]
cont ol t naray SnngBRg WSl SERAPERAE bR on ML R MOHERPRS. 4o
The conputleyerr eadabl e nmedi um of claim 29, wherein the first |layer conprises
a communi cation and transport |ayer, wherein the second | ayer conprises a
sync | ayer, wherein the third | ayer conprises an application |ayer, and
wherein the coput i ri fupd h sty uetd to
control the deté{e@t egfhee: ?@gﬁ&%ﬁ%ﬁ?ﬁ@%%ﬁ%&]& gﬁ gfa"{no?é’t ﬁ'{eleljte?la&lﬂsepglﬁt qF%fer .
comprises a communication and transport layer, wherein the second layer comprises a

sync layer, wherein the third layer comprises an application layer, and wherein the
computer readable medium comprises further instructions to control the detected error

based on a protocol for the transport layer.



