BACKWARD-COMPATIBLE CHARACTERIZATION OF AGGREGATED MEDIA DATA UNITS FIELD
OF THE INVENTION 10001] The present invention relates generally video transport and storage.
More particularly, the present invention relates to the provision of information to assist a unit in
deciding which coded data units should be forwarged or processed.. BACKGROUND OF THE
INVENTION [0002] This section is intended to provide a background or context to the invention that is
recited in the claims. The description herein may include concepts that could be pursued, but are not
necessarily ones that have been previously conceived or pursued. Therefore, unless otherwise
indicated herein, what is described in this section is not prior art to the description and claims in this
application and is not admitted to be prior art by inclusion in this section. [0003] Advanced Video
Coding (AVC). also know ¢ HAFARYC 6 AP ISR oHIRRUACAIAEiORe IO D Joit Video
Team (JVT) of ITU-T Video Coding Expert Group (VCEG) and ISO/IEC Motion Picture Expert Group
(MPEG). AVC includes the conceps@ERZGIESHME DA DXYEA) ENIESNetwork Abstraction Layer
(NAL). The VCL contains the signal processing functionality of the codecmechanisms such as
transform, quantization, motion-compensated prediction, and loop filters. A coded picture consists of
one or more slices. The NAL encapsulates&adh Slicdigdhefatedl By the VCL into one or more NAL
units. A NAL unit is comprised of a NAL unit header and a NAL unit payload. The NAL unit header
contains, among othggethe TdApresaiit typeniteaieditageniedhe rihe Makpunigcontaips dMooded slice, a
coded slice data pajilian, & SRVEREEOf I AR IRIE L ARt ARY ERAANAL LAY stream is simply

a concatenation of & humber o units. An encoded bitstream according to H.264/AVC or its

extensions, e.g. SV@Li¥atpding Ntheafeddadnnisshopibeiasiies BRFEHG% start code to each
NAL unit in a NAL unit stream. 2 [0004] Scalable Video Coding (SVC) provides scalable video

bitstreams. A scalable video bitstreamBaAkROBNBEJAELIE BENE ¥dPer and one or more

enhancement layers. An enhancement layer may enhance the temporal resolution (i.e. the frame rate),
the spatial resolutiorpooe thaguaditicafitisaidencontadt + pregentddbyotivet owbe laxsatior part thereof

I the SVC extensiop of AV {8 MGl R0 YAk CORGERR WY B, DHRIIAL.L10R) Mnllyiew Video

Coding (MVC) is another extension of AVC. At encoder takes input video sequences (called
different views) of tHe RERHEdsBEECAsRARSEFHONPRAUIRS IBAXa RFEPAE Y DUESEIE ¥ LiNgle bitstream

containing all the cagdggsdewserMME; @lagsivineritad itiscilhanih Nkt cofseritsd [0O06] Real-time

Transport Protocol (RTP) is widely used for real-tim @nlsé% t ofitimed,media sugh.gs audio and
video. In RTP trans(ﬁ%crtff’%ﬁséa?éWa%%a%%gﬁqea%ga?§%§ F%tocmu tgipl?e Rngplackets. A RTP payload format
for RTP transport ofafnyitedigdts psispatMeadhiseTm REgeETor Comments (RFC) 3984, which is

available from wwvygggsgditanareétfe/ried234iixtant thaseantenis nfashicki@rs indasporated herein by

reference. For AVC video transport using RT ach RTP.-pack ?Itpé  ONR QL Pare NAL units.
100071 IETF RFC 39 %%%%%Qﬁ@s%‘e% z%i % ﬁﬁ%&%ﬂ%ﬁ%&ﬁ % Whicr:vi%s an intér%aved mode. If
the interleaved packetizationun6deESs IinssS QAR Mo RiesrdmnsibFE B A EEESs units can be

packetized into one RTRHAAKeI s IRl 6r3984ealc0usRECilios theLsenceplolslecodingtaider number

(DON) thatindicates e gD NG IR S ook e ST R oL N R R AR o PHE 2ec -

mechanisms such as transform, quantization, motion-compensated prediction, and
loop filters. A coded picture consists of one or more slices. The NAL encapsulates
each slice generated by the VCL into one or more NAL units. A NAL unit is
comprised of a NAL unit header and a NAL unit payload. The NAL unit header
contains, among other, the NAL unit type indicating whether the NAL unit contains a
coded slice, a coded slice data partition, a sequence or picture parameter set, and so
on. A NAL unit stream is simply a concatenation of a number of NAL units. An
encoded bitstream according to H.264/AVC or its extensions, e.g. SVC, is either a
NAL unit strearm, or a byle stream by prefixing @ start code to each NAL unit in a

NAL unit strear.



[0008] In the SVC RTP payload format draft, Internet-Draft in draft-wenger-avt-rtpsvc-03 (available
from http://www.toolsietforg/html/draft-vvenger-avt-rtp-svc-03), a new NAL unit type, referred to as a
payload content scalability information (PACSI) NAL unit, is specified. The PACSI NAL unit, if present,
is the first NAL unit in an aggregation packet, and if is not present in other types of packets. The
PACSI NAL unit indicates scalabihty characteristics that are common for all of the remaining NAL units
in the payload, thus making it easier for a media aware network element (MANE) to decide whether to
forward/process/discard the aggregation packet. Senders may create PACSI NAL units. Receivers
may ignore PACSI NAL units or 3 use them as hints to enable the efficient aggregation packet
processing. When the first aggregation unit of an aggregation packet contains a PACSI NAL unit, there
is at least one additi aggregation.unit present, i the sam ket eader fields are set
according to the re £§4}199%§§3%en%?ﬁ kf?welg z%g;ﬁgoﬁ%%cfg?@\%&%%%%%\%%%z@L unit is included in
a multi-time aggregatiishsaidestbiEeaacsaiAgcrae e P16t FisrPRLeSF RIAITit is set to indicate
that the PACSI NAL.ginitdsnthe fikstNAL bnikibetraodingmidenameng: theyhdAl rewitsisn the. aggregation
packet, or the PACS] NAL unit has an jdentical decoding order number tq the fi nit in
decoding order amotﬂé\ﬁ?ﬁ[gerg eg%lfnf’gpﬁ\}fﬁ?lfeﬁ?lﬁfg W ﬁghg a?éga??;%egé%gé?%gﬁogﬁgﬁ%ﬁons as to
which NAL units shoulthblewraresisittephamerse plodesS¥Y axewmemerhiy fedtarédfopeaVeral different
purposes. For exam&ge%mw@ipﬁm{@gal-time communication systems, e.g., multiparty video
conferencing, the sender(s@a not know .caW' ities of all receivers, e, h number of
receivers is large orliiizh é[ié‘éireév (g?r(?ﬁ%égﬁﬁ%g u tlyrljollsn ns%@%i%ﬁ Wit %S{%gg%‘ivéal}[?grﬁg the sender(s).
If possible, the sendexsdhtlies morbedimiteniacedteii e apatilitbdorhe sWdskest receiver, as

that limits the quality. of expeHignEadhRIsRRReRQViIded Qinthasitacaivetnmensagtiently, it would be
beneficial if a middlebox, such as a multgzé)int ont@giﬁnitéll\q/lgygcjn multimedia conferencing, could
} 5 an T

efficiently adjust the RIRTAIERS MYSaHe %ﬁﬁ}bet é recéiver c‘é?éﬁjilities.. [NM Mother situation in
which such decision®@i#pulBcbktimadeainpotyBotndob (R4 T ésivigrlyvebd Sk -HorUieersit With software

that is capable of degading.a.subsst ol dhe.stream. anlyrsuahsas-haid 264(ANGapamtiant base layer

or view of SVC or MVC bitstreams, respectively. Only the subset of the NAL upits, therefare needs to
be processed. The VItRBYUERE BB HISTE va W%é%@bﬁ%%ltg?/{grtﬁ%sﬁ ﬂe"‘lﬂ}\%g] $Rsat according to

a file format containegeoifisnd théEoFrRagefaforTRstmaRF (Y 39840 ins twoyolebésirerasy access of all

the information that js helpfulita degidewhish NAL VBt dabRsRIacReRSE b e mediapiayer is
desirable. [0011] The SVC file format draft standard, referred to as MPEG document N8663, supports

aggregation of multipte ¥EAREniFTAYS OMEeJGrEs STor AR Uit his! f g8 SRR S8<lipported in
the future MVC file fexnatas wel. Aggregator NAL units can both aggregate by inclusion NAL units
within them (within (i sige dripgiated b ekl enalh) ndalsn Agaeaala by eiRiengs NAL units

that follow them (within the area indicated by the additional bytes field within thqmﬁ. When the stream
is scanned by an AvtsrRe rebmeds oHiheHBTHERTBR BPRERTZRHTSAL dolrsts BRI ™ i ggregator.
This permits, for examgplehoantfy Ghiile readendoaakip madidlei seb ok R iPetiekkSVEFOr3WR¢C NAL units.
SVC NAL units refer to the SVC, specific NAL Uniks E‘?ﬁé@’gﬁ%@?ﬂ%ﬁ ARt type vialiles are reserved by
the AVC specificatio%?W&f NA eucr?ﬁge% er ‘tcg taesgl\/lvc specific NAL units for which the NAL unit type
values are reserved dsydiesAvierspiediithioHs SmvasirAYE RIEnits are aggregated by reference,
the AVC reader will pgoskipthens a0k treysrempismmsirefhfantharsean enfvisaggregation
mechanism adds com ities, in accessing.informatiq e gch 10 decide which NAL sits to process
by a media player. [5 il 1Vé%%€11%fogf’§§ﬁ%aiuon |F\O€fviﬁ%#)s C dec?sipns%ehould. e mg?é involves
when an end-user raeeiAg anddarshiefareio Bsvien Saberntas Srals S siRfter e e S'or views,

respectively, that hexgk shewarsiadeaad® andinendeniAicpreespandingrieyuesiis ansmitted via
Session Identification Protacol (SIP) or.Real-Time Streaming Protocol. (RTSP), : le. As a
response, the recipiéRt SFHE Pé%eé‘s%?%ﬁclﬁngépéegeé}rt\}grogreégr‘fﬁ%ﬁ%%ag% % ?Eg[%%&e%(ﬁ%?elect the
layers or views that ang fshaseslediebility /harreeiages pmarmtenvienw Bt tonicmindgidtelchanges in
the transmitted layerg,f Mgwsmaunabbadesiablabesausedt fersesuibngsreans may not be
standard-compliant, as some Iinter-layer. and inter-view references, may not be present in the decoder;
(2) some of the trané%ﬁt\gﬁﬁ)a‘%c‘r%%%ﬁgfeﬁéo %révoa&geﬁ%c%sr% %aﬁ([?ﬁehena %%%aftlﬂﬂgra %ﬁg’receivers; and (3)
the non-decodable dheaierastes il Eb iRt dhame RaerivieraeausereSigasStivhlaptpeicket loss as
well as increase transmission delay. The transmitter should therefore respond to the request from the
next possible layer-switch or view-switch position. 100131 Additionally, it is noted that redundant
pictures provide a mechanism for a system to recover from transmission errors when corresponding
primary coded pictures are damaged. The transmission of redundant pictures is unnecessary,
however, if the redundant pictures themselves cannot be correctly decoded, the corresponding primary
coded pictures are correctly decodable, or the decoding of



5 redundant pictures is not supported in the receiver. A sender or a middlebox may therefore omit the
transmission of redundant pictures or part thereof in the several cases. A first such case involves when
the reference pictures for redundant pictures are not correctly decoded. This can be concluded e.g.
from generic NACK feedback of RTRAVPF or slice loss indication feedback of RTP audio-Visual
Profile With Feedback (RTRAVPF). A second case is when a redundant picture is not integral when it
arrives a middlebox, i.e. a slice of a redundant picture is lost in the channel between a sender and a
middlebox. This can be concluded in the middlebox, e.g. based on RTP sequence numbers of
incoming packets and the content of the previous and subsequent RTP packet of the lost one. A third
case is when a reliable communication protocol is used for transmission, when there is sufficient time
for selective retransmissions. of rimary. coded pictures, or when netwgrk conditions are
detected to be Ioss-?Fgéi%n%l%ﬁtﬁi{gc?%%%r%ﬁi%ﬁé% ?/E\)/ %gﬁe%%éoé]e%%%eé gr?l%l %Sit?ﬁgavt\%e?e undant pictures
are supported - eithBFtrAEANIN YL FEa RIEINE S5k B4t dMNCRENAGUHHarEssié ap
MIME/SDP parametesstfoicexaniel stoRk4dostilli apethensitaion pvhicdecisiaasas to which NAL
units should be trangnpétqtg% gengé%r lrlg)ct%s%gg Slégqndqgﬂon%g%q t%ea m%dgtiir}!volge§ en bitrate
adaptation is require§ 0 trim {he tran |t{ed Bitra e'%bcoré‘fhg {o e%ﬁrro%gﬁpﬁ? é‘Fa bottieneck link, for
congestion avoidané& AsrSor Aljuritritertiafadatvacniklbrtione s tiedfties necksisteadecoessedtder or the

middlebox should majena sapRisticatedidecision whishNake ditshareaasy tansmittedsQne function of
media-aware gatewg%ior RTP mixers gwhich mg&eblg A@ultigoint conference uni}(s %zi}tt%\évays between

circuit-switched and pacl%%it-ls% Eﬂdéag\/cfddé?(r)atrgf)en%ony, ol sseur}vtg?sa,gﬁ-;eéﬁéoa‘f itstors T pvB-H

system, or set-top bBXESkNALignvand 4y sistces igendsmimdiomuosaly the RotleAkirsiess network, for

examples) is to conyQldhg.RifiateRlthefeenandas SHeamaccardingde.ss allieg downlink network
conditions. It is desi 81%%:0 control the forwel{g(e data rate without extensive processing of the
b[y S

incoming data, i.e. DIy GHOBIAY P AKE S ARy 1A ST AN S APL KB G P51 When
using the non-interleavadlzmeintar kcavedpabketinationansdEsrafkinpB4 AVt antSWE RTP payload
formats, some of the,gommen-charmRcRiisics of thediik, WA containednibe.packgt.can only be

identified when each contained 6 NAL unit is examined. The examination may require partial decoding

of the NAL unit. ForBXRIpI e i e g A HEE Gt SH N SERTBELLR! S5 Y8 'B8Eoded in order
to find temporal levek sviite irgvesings it thesligeiheadstehagtabe décode dottfipstdauisif a coded
slice belongs to a pPrifPARHO MR RIGEY 80118 ASAW AR CRAGARIGH G- LBk iddigboxes should

usually drop entire pictures or picture sequences so that the resulting stream remains valid. The
interleaved packetiZ4tR5S HEEE BF 1 BaLWRNHS B R SERSHEwsh i SRR B & etitition of
practically any NAL ngnitecof dipageesy Linitsihibdhensheiné iRTRigHsBoad(caled raggpegation packet).

In particular, it is nogseauirgd (o ensansulaieenlie crded Picires#ians RiRpayload, but rather the
NAL units of a coded picture can be split into multiple RTP packets. While this liberty is helpful for

many applications, itCEHEES SHETSIRSERTIPR S IPRESRTbiESFPaPHiItHebox operation. First, given an
aggregation packet,[#nihohknthersitaavidy i viihih seshitiedidnusita ib e longdtobelose wiaksing the header
of each NAL unit co g' Q .Qi agare ;3 RAgKE kL W the | leay cketization mode
is applied, each agg{?gg}gﬁo%J u%%heade%d&NAL%EnwgeggiearIgﬁé;)ﬁ%gbg(g%rgs%n %E;%as\% ﬁim to
correct pictures. WHBhSFEARIIRn 5k ffrds Hredprd¥Erorpeliam §atmb iy HEYdESVare further required.
Second, it may not hevjgossitiarie, idartifyvaychadpoteristic-oh paN Al unitiwithestthaptesence of some
other NAL units of the sam cess unit. For example, in order to.find out if a coded slice is part of an
access unit that carl Ogersg%%c?r%nfyv?%&?é&saet ,Bt%% aljéec?ot)\/gg%ﬁcr)%ﬁtnggflﬁ?‘é%%a%%%rl?htgeaccess unit must
first be received andog@ecee (T 7) T EvETdreotiieys o5 i federmnirbyide Batigackessible

information in transpekPackatepediledesnal aggregriiandbi ki sdwaed aswbichic network
middlebox or a med@glaﬁ%r can d%géd% %\éhi h coy ead Flata‘ur&itst be transmitted and/or processed.
United States Patent ication Ri6: T 5, %61 (N

é:ﬁbsar%/m ,}5007 and incorporated herein by

references, disclosd8MhlindiesVadedgaret fuxl sunderdrrefersi/c 4 M fithaeamtthE8R6P payload

format to indicate t%ﬁ%@@&ﬁﬁﬁ@gaﬂ@%@ﬁc&ﬁ%a@a ?Mhewggt,fﬁzgeiw\mmg the inditqet gggrggator
NAL unit. However, characteristics beyond scalability information for SVC were not cqonsidered,
including whether tﬁé%%‘gé”ggfgp@ﬁﬁ%‘%é“nt{‘gir%é‘éﬁmg glgrr?grﬁ%ﬁ aﬁé?:%ét are fﬁag’arrtsp& of redundant
pictures, 2) parts ofteitsporhptagesreseiechines siendi43) ypiry diividar drdomtcsess points, (4) parts
of random access points that are not instantaneous decoding refresh (TDR) pictures, and 5) parts of
pictures of a certain view identified by a view identifier. SUMMARY OF THE VENTION [0018] Various
embodiments of the present invention provide a system and method for conveying information that is
helpful for a network middlebox or a media player to decided which coded data units to forward or
process within an RTP payload or a file format data unit in an easy-to-access manner. In various
embodiments of the present invention, this mechanism can be used to provide indications of items
such as redundant coded pictures, temporal level switching points, gradual decoding refresh access

points, view identifiers, and view random access points. A middlebox and/or receiver can then use this
information tNn determine whether cartain coded Adata 11inite neead to he nrocececed andior tfrancemitted



[00191 Various embodiments provide a method, computer program product and apparatus for
packetizing an encoded representative of a video sequence, wherein a plurality of data units are
packetized into a first packet. A first data unit of the plurality of data units comprises at least a portion
of the encoded bitstream, and a second data unit gf the plurality of data units comprises information
summarizing the contents of the portion of the encoded video. The second data unit is placed before
any of the other data units of the plurality of data units in the first packet. 100201 Various
embodiments provide a method, computer program product and apparatus for processing a
packetized bitstream representative of a video sequence. A plurality of data units are read from a first
packet, wherein a first data unit of the plurality of data units comprises at least a portion of the

encoded bitstream and a second data Lnit of the plurality of data units comRisesAiQrRation
summarizing the coh’iagﬁ??“gP’(r?ée‘édé‘?%%ﬁ’é% 't%esgﬁg%%%é vigéo. The secon%%ata uonit Is located before

any of the other daté&*iiestest arre Picated Tt eddivprelib i fifld paBitcberie Y& ality of data units

are then processed agsedsupamndaioramation caniainedwithin theusecoind. date wBiteck08211 These and
other advantages and {E%tu&es of the invention tofg her with the %Qggmzationrqggkgn%nner of
ol e

. ; . 3] mple, € feade )
operation thereof, wﬂ‘fvbécomeeaﬁﬁrﬁﬁ?teoﬁt ron the 8%??139 etalle scription wheh taken in

conjunction with thevéwtosripdinyirgiddaiifgs e rai-likeie | Siie Atd havis IREHAMe S throughout the

several drawings deggriedieluis R Nafic PES SRIRKHON Qs b LBAVWINGHIA022] Figure 1
shows a generic multimedia co ications system fo with the. present.invention; [0023] Figure
2 is a perspective Vi ¢ Fg%oalreg(:’ft(r}é%rr}i\c%el@%tse%%t%%e w&gﬁhﬁ{ﬁ?ﬁffﬁﬁﬁ%ﬁ% llcc:)ll.ln{?(f)&ic the present
invention; and [0024] #guvietSrisvalewsrematicvesiine demiiiosperdifisetigey g dwtuithy dihE Electronic
device of Figure 2. QETAIL ER-RESCRIRHIAN QR YARIQUS FMBORIMENT S{0035EMaRouS

embodiments of the, %esent inventioqg]eprqlxﬂde a sgsattem anC Erinlesthg dfsocr0 cori]\)/gtyég%information that is
helpful for a network'f AR 68t FAEdin Blaa 6 d8ditE Whith C6aed data units to forward or

process within an R¥Repaydoaiiorimpafiaifdmetcdtatuditihhrwtdynoresebys mabmher. In various
embodiments of the ent invention, this mechanism can be used to provide indications of at least
the following items: [0026] Indication of redundant codedﬁfic_tures. Thii indication can be accompanied

with a list of referené @ HfbturEs FORAT S AP B S B AR Bt e A Fe St A B e ¢ Slices and
indication of the spatiatrcbwerageiehthesaggregatadiiedemdarine delede slicesitdhbedasies imes where

slices of only one re%%?ﬁ@p%&%ﬂfﬂ%@&’%%Qﬁs@%&gﬁt% R charastrwsding
request is transmitted via Session Identification Protocol (SIP) or Real-Time
Streaming Protocol (RTSP), for example. As a response, the recipient of the request,
such as a server or 2 middlebox, 1s supposed 1o select the layers or views that are
forwarded. Due to inter-layer and inter-view prediction, immediate changes in the
transmitted layers or views may not be desirable because (1} the resulting streams
may not be standard-compliant, as some inter-layer and inter-view references may not
be present in the decoder; {2) some of the transmitted data may not be decodable and
hence not useful for the receivers; and (3) the non-decodable data wasies bitrate in the
channel and may cause congestion and packet loss as well as increase transmission
delay. The transmitter should therefore respond to the request from the next possibie
laver-switch or view-switch position.
[0013) Additionally, if 15 noted that redundant pictures provide a mechanism for a
system to recover from transmission errors when corresponding primary coded
pictures are damaged. The transmission of redundant pictures is unnecessary,
however, if the redundant pictures themselves cannot be correctly decoded, the

corresponding primary coded pictures are correctly decodable, or the decoding of



[0027] Indication of temporal level switching points. Starting from a temporal level switching point, the
decoder can correctly decode all of the following coded pictures with the same temporal level, if before
the temporal level switching point only 9 pictures of lower temporal levels were decoded. This
indication can be accompanied with a list of referegce pictures, indicated by the values of frame_nutn,
for example, that should be correctly decoded in order to enable the switch of temporal levels. It is
noted that dropping the number of decoded/forwarded temporal levels is typically possible at any point.
100281 Indication ofgradual decoding refresh access points. If the decoder starts decoding from such
a point, then the picture contents will be gradually corrected over a number of consecutive pictures. In
certain embodiments, this indication should be accompanied with a count on pictures or packets
whose decoding is required,for acigvina pistias hat At corecLin.ForisidRfedkindication of
views. This indication signa sptfje viewsterms of view IDs, {‘or exampfe) to which the aggregated NAL
units belong. [0030] heEREEEGRGHAF EREHEGEXBEEFIatisESs DU TR RN predhetion, it is not
possible to start the geepdingrokacy@we atvarbitraneapoinisieldits incication isithenafoteursed to signal
that the decoder can,starf decoding. o Ui pasiion, Thedadicaion ma.bs Recomagnied with a
count on pictures or paci’(ects Whose 3ecod|ng is required for ac%nevmg pictures that are correct in
content. Different tysé8 bf/idRFremdienicatsieimsintedhrekps &idsedinT Unitb BrgttadSProvisional
Patent Application NQ.-@/852223.\itey Qetebgr de 200G anekinaaspaiRted hekrinby-ieference.
100311 In various embodiments of tlag resegt inyeentié)n t@f'ﬁe{f)quir%%t IQIAIT qutn]i[} t%gggg&%tlion mechanism
discussed in United $t5tesPaten rprp]hc?a oin NS 17 %If 15 fised as the mechanism to convey the
above indications. Abditienalbndaiswhameidiithegationomdrhanidndadan hiso Bddpsackdr other

indications as well. Fo.@xAmpiesdhis:RiethdaisaY MayHspReusad [ (andery argessiarint
indications (open and glosed\gro of&ictu es GOP)e) f}g_zrt o(p-la ereg singltla- '1ew bitstreams and
Hike 4 Shelis

picture type indicatidi i‘é‘?ﬁffqi t are,cﬁ%rf-hr% &Yehce pic urec)a.S db%: Tnl‘?]e ollowing is one

implementation of varoussrabodiments ofuted joresesmisientiornsheeificafficiwittiregfrd to the RTP

payload format of S\G.and MYG.indbis inplementaion, tharpmaadconkarh sealahility information
(PACSI) NAL unit discussed in United States Patent Application No. 11/622,430 is extended to contain

additional types of irffBIHES A HTE REG R SHrE B A SPRIETHTTE REpE Ybeﬁﬁcrﬁ%eﬁ‘éeéd.
Alternatively, the PAQShINRE nnithesdspivaychernioplifiscdto snbatchnthieitipeorminpe C NAL unit

header, especially if {H%%1@9@&9&%&&9\4&%%&&%@&@55_mue%@tpgiamgé\f& NAkpynit header.
The current draft of the 1MVC NAL unit header is available in the draft c%:t of the October 2006 JVT

meeting (available fidH HrtpSFEBOMF R HCLIHSPO0% 286° BIBRY HEUIG Ta08 2ip and
incorporated herein bynseferenoe)oipthesstdl suohitehemderasbe nmadeinertersibanSyitiiax structure.

Alternatively, anotheg NAk; it IYRES45 AR NAMEH D BNHE Hseminy indicalingpe information

described herein. . _ _ ] ‘
bottleneck link, for congestion avoidance, or for adjustment of network or client

buffers. In this case, the sender or the middlebox shounld make a sophisticated
decision which NAL units ate pot fransmitted. One function of media-aware
gateways or RTP mixers (which may be muliipoint conference uniis, gateways
between circuit-switched and packet-switched video telephony, PoC servers, [P
encapsulators in DVB-H system, or set-top boxes that forward broadcast
transmissions locally to home wireless network, for examples) is to control the bitrate
of the forwarded stream according to prevailing downlink network conditions. Itis
desirable to control the forwarded data rate without extensive processing of the
incorning data, i.e. by simply dropping packets or easily identified parts of packets.
J0015] When using the non-interleaved and interleaved packetization modes of
H.264/AVC and SVC RTP pavload formats, some of the common characteristics of

the NAL units contained in the packet can only be identified when each contained



100331 The following is an example of the PACSI NAL unit in the context clan exemplary RTP payload
format for SVC and MVC jointly. 100341 The PACSI NAL unit consists of a 1-byte NAL unit header, a
1-byte content information (CI) header and a varying-length ClI payload. The 1-byte NAL unit header
contains the F, NRI and Type fields as specified bglow. 4. 1011121314 1516710 1112 1314516 7
1011121314 r 5161710 112 13 14 r IFINRI | TypelCl header CI payload [0035] The values of the
fields in PACSI NAL unit are set as follows. The F bit is set to | if the F bit in at least one remaining
NAL unit in the payload is equal to I. Otherwise, the F bit is set to 0. The NRI field is set to the highest
value of NRI field among all of the remaining NAL units in the payload. The Type field is set to 30.
[0036] The CI header contains flags to indicate the presence of different types of content information

as follows: 0112 3 45,6 T ISIMIRIALL Ree | tokitettatyite I A003TL TG 9 bleggual o 1
indicates the presence of content scalability information Specitied identically the Internet-Draft in

draft-wenger-avt-rtpuBiic 03 ¢avaniEhies SERARMY TSI SIETERGiPRMT Pagtsaas b be-fg50d5€ 183 and
incorporated herein hy-refereneeiand opiacbrkvoints and the slice header has to be decoded to

LOL2LS 14101 TG L 4L O O RS ASA SRR AREIPE ThhiPchc
picture.

[0016] Middleboxes should usually drop entire pictures or picture sequences so that
the resuiting stream remains valid. The interleaved packetization mode of
H.264/AVC RTP payload specification allows encapsulation of practically any NAL
units of any access units into the same R1TP pavload (called aggregation packet). In
particutar, it 1s not required to encapsulate entire coded pictures in one RTP payload,
but rather the NAL umits of a coded picture can be spht into multiple RTP packets.
While this liberty is helpful for many applications, it causes the following
complications in a middlebox operation. First, given an aggregation packet, it is not
known to which pictures its NAL units belong to before parsing the header of each
NAL unit contained in the aggregation packet. Thus, when the interlcaved
packetization mode is applied, cach aggregation unit header and NAL unit header
should be parsed to map them to correct pictures. When redundant pictures are
present, parsing into slice headers are further required. Second, it may not be possible
to identify a characteristic of a NAL unit without the presence of some other NAL
units of the same access unit. For example, in order to find out if a coded slice is part
of an access unit that can be randomly accessed, the recovery point SEI message for
the access unit must first be received and decoded.

{0017] Therefore, there is a need to provide easily accessible information in
transport packets or file format aggregation NAL units based on which a network
middlebox or a media player can decide which coded data units to be transmitted
and/or processed. United States Patent Application No. 11/622,430, filed January 11,
2007 and incorporated herein by references, discloses an indirect aggregator NAL unit
for the SVC file format and the RTP payload format to indicate the scalability
characteristics of certain NAL units following the indirect aggregator NAL unit.
However, characteristics beyond scalability information for SVC were not considered,

inciuding whether the coded data units contained in the transport packet are (1) parts



100381 When the M bit is equal to I, the following multi-view content information is present in the Cl
payload: 10111213141516171011121314151617101112131415161710111213141516171 1R1 TL 1
VL 1Alnum_views view_idl view id

of redundant pictures, 2) parts of temporal layer switching points, (3} parts of view
random access points, (4) parts of random access points that are not instantaneous
decoding refresh (TDR) pictures, and 5) parts of pictures of a certain view identified

by a view identifier.
SUMMARY OF THE INVENTION

[0018] Various embodiments of the present invention provide a system and method
for conveying information that is helpful for a network middlebox or a media piayer
to decided which coded data units to forward or process within an RTP payload or a
file format data unit in an easy-to-access manner. In various embodiments of the
present invention, this mechanism can be used to provide indications of items such as
redundant coded pictures, temporal level switching points, gradual decoding refresh
access points, view identifiers, and view random access points. A middiebox and/or
receiver can then use this information to deterrnine whether certain coded data units
need to be processed and/or transmitted. Additionally, indications of items such as
random access points for non-layered singie-view bitstreams and picture type
indications may also be provided.

[0019] Various embodiments provide a method, computer program product and
apparatus for packetizing an encoded representative of a video sequence, wherein a
plurality of data units are packetized into a first packet. A first data unit of the
plurality of data units comprises at least a portion of the encoded bitstream, and a
second data unit of the plurality of data units comprises information summarizing the
contents of the portion of the encoded video. The second data unit is placed before
any of the other data units of the pluraiity of data units in the first packet.

[0020] Various embodiments provide a method, computer program product and
apparatus for processing a packetized bitstream representative of a video sequence. A
piurality of data units are read from a first packet, whercin a first data unit of the
plurality of data units comprises at least a portion of the encoded bitstream and a
second data unit of the plurality of data units comprises information summarizing the
contents of the portion of the encoded video. The second data unit is located before

any of the other data units of the plurality of data units in the first packet. The



plurality of data units are then processed based upon information contained within the
second data unit.

[0021] These and other advantages and features of the invention, together with the
organization and manner of operation thereof, will become apparent from the
following detailed description when taken in conjunction with the accompanying
drawings, wherein like ¢lements have like numerals throughout the several drawings

described below,
BRIEF DESCRIPTION OF THE DRAWINGS

{0622} Figure 1 shows a generic multimedia communications system for use with
the present invention,

[0023] Figure 2 is a perspective view of an electronic device that can be used in the
impiementation of the present invention; and

[0624] Figure 3 is a schematic representation of the device circuitry of the clectronic

device of Figure 2.
DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0025] Various embodiments of the present invention provide a system and method
for conveying information that is helpful for a network middlebox or a media player
to decide which coded data units to forward or process within an RTP payload or in 2
file format data unit in an easy-to-access manner. In various embodiments of the
present invention, this mechanism can be used to provide indications of at least the
following items:

[6026] Indication of redundant coded pictures. This indication can be accompanied

with a list of reference pictures required for decoding of the aggregated redundant
coded slices and indication of the spatial coverage of the aggregated redundant coded
slices. There are times where slices of only one redundant coded picture would be
aggregated and characterized.

(0027} Indication of temporal level switching points. Starting {rom a temporal level
switching point, the decoder can correctly decode all of the following coded pictures

with the same temporal level, if before the temporal ieve! switching point only



100391 The R bit is reserved. TL (temporal level) is set to the lowest value of the TL field among the
remaining NAL units in the RTP payload. VL (view level) is set to the lowest value of the VL field
among the remaining NAL units in the RTP payload. 100401 A (anchor_pic_fiag) is set to the highest
value of the A field among the remaining NAL unitg in the RTP payload. Consequently, an A bit value
equal to | indicates that the RTP payload contains at least one NAL unit associated to an anchor
picture. An A bit value equal to O indicates that the RTP payload contains no NAL unit associated to an
anchor picture. 100411 num_views indicates the number of the following view_id syntax elements.
num_views is set to the value that indicates the number of different values of the viewid among the
remaining NAL units in the RTP payload. 100421 Each value of view_id indicates a view_id present
among the remaining NAL units in the R load, V sQfvi i t jcated in the
Cl 12 payload. Curﬁecnt fs t(ﬁgovéés utégl?(’n égv‘\% %V?%ﬁgcﬁﬂ%% éqﬁgcll %%%%r? géﬁeg%%t-ct?ﬁgr%%%ed integers,
which are converted"i¢ #8Ub R URSIIASPIRIEGR iBd6HEHE P pasierad! fBosa1m ER&*@mPediment of the
invention, the num_yigwscfirl 8d sdaekiyeisesni:cind aalyoaneviaihe sof iview téeh s ctueedlinsthe
multi-view content information, Consequently, it.is required that an RIP packet including a PACSI NAL
unit contains coded lg%?g]tﬁ%r# %r?ff/l ﬁg [\l}fléqv%é;(f[gﬁd/sﬁcﬁfgg} E%ﬁ% %ﬁ‘é%?ﬁgta%&é? f?lt i 15?(13[‘ the presence of
redundant coded pi@RsF&infdAIERBA: When the R bit is equal to 1, the RTP payload does not contain
a?]y NAbL unitﬁ for prr];im%sy cmg@dtﬁwaf]@gdﬁm&bml&afés%cu&@@pem&@gmhm&dl?iamrehsent-h [0045]
The A bit of the CI header indicates the presence of a random access point as follows. When the A bit
isequalto 1, the S tc)%c%ﬁélégra SLB%a%BO%% %ﬂal § 15%1&% %%ft?ﬁéﬁizgﬁﬁ%a?ﬁl?ac ggﬁyﬁiﬁ‘éeé NAL unit
belonging to an 1DR pigtbaecdrancmtiiacpittures absorigiteeiood ieetvany poiftSE arkdskage with the
value of recovery_framgndfant-ayiiax elamenbraual (oRcbeamdbesbcbitand theaisditare equal to |, the
RIP payload containsha NAL unit belonging to an IDR&gi[cture of SVC. When the A bit and the M bit are
equal to 1, the RTPaﬁalf/el‘S%pé%n eéﬁﬁsa%lgf\elg nﬁ%if‘b%%nging to a view random access picture (an DR
picture or an anchod@$4trdndit aiwEf 1eRAGTHITHadk#icnfigrelChhawoisintitates tivy pssence of a
temporal level switching peint WhsrHae Tobit is:eOVAL tends eithar the S bit or the M bit must also be
equal to 1. When the T bit is equal to 1, the followi tepo{_ral I‘ﬁvel information is, present in the ClI

payload: 1011121314180k #dipten piadaw ran ' %%/H)té%e&"é’ﬁ%‘éﬁliefiﬁ%ﬂgﬁ’tétsmthe temporal
level that can be switgheesividfialtpatkats ebntaihingerest pdrakierelsteqiinh todralewes than TLT are

decoded from this pgintaR when s dempaiabdeyel (i Th) waspexinvaly degesdedrat least since the

revious temporal level switch point for temporal level (TLT-I) in transmission o
P P indication ma\rr) %e accompanig(? with a coux(n on pi)ciures or packets whose decoding is

required for achieving pictures that are correct in content. Different types of view
random access points are discussed in United States Provisional Patent Application
No. 60/852,223, filed Qetober 16, 2006 and incorporated herein by reference.

[pe31] In various embodiments of the present invention, the indirect NAL umit
aggregation mechanism discussed mn United States Patent Application No. 11/622,430
is used as the mechanism to convey the above indications. Additionally, this same
apgregation mechanism can also be used for other indications as well. For example,
this mechanism may also be used for random access point indications {open and
closed groups of pictures (GOP)) for non-layered single-view bitstreams and picture
type indications {e.g. intra picture, non-reference picture}.

[0032] The following is one implementation of various embodiments of the present
mvention, specifically with regard to the RTP payload format of SVC and MVC. In
this implementation, the payload content scalability information (PACSI) NAL unit
discussed in United States Patent Application No. 11/622,430 is extended to contain
additional types of information. The header of the PACSI NAL unit 1s kept



13 order. Alternatively, it is possible to include multiple TLT values to indicate the multiple temporal
level values that can be switched to under the same condition as above. 100481 The bits of the
Reserved field are reserved. The bits of the Res field in the CI header are also reserved. When more
than one of the non-reserved bits in the CT headas are set to 1, the Cl payload syntax structures
appear in the order that the corresponding bits appear in the Cl header. 100491 The following is
another implementation of various embodiments of the present invention, specifically with regard to the
RTP payload format of SVC. In this implementation, the payload content scalability information
(PACSI) NAL unit discussed in United States Patent Application No. 11/622,430 is extended by adding
one more octet as follows. 10111213141516171 IRITIDIIRES 10050] The R field is set to 1 if all the

coded pictures coniginingd.the iAQelNAL. it e RAChennisiuemOlenviaRdtharkitiRiis be set to 0.

The target NAL units are such NAL units contained in the regation ut ncluded in the
PACSI NAL unit, thARerangiin At & ﬁ*teé’p\%ﬁ%?é?{ &ﬁ?ﬁ%%&?m‘tguﬁng |Et#<§tlé\?vfh“§ ?l%éﬁéJAc& NAL

unit in the aggregation packetdichosys. Kilanohbeadictihs rusershiaibifitheeMYAt NPdeBbding of the layer
starts from the pictyye,all the.follewing pictarasRf hedayabo ouipw ordesicaphadarectly decoded.

Note that anchor pictures are random access points to th er th;j apct pictures belong to.
However, some picttR@Wi¢dBadinghary -gﬁ}}ﬁa@%ﬁeﬁl‘}b&},‘?ﬁgg%zﬁﬁ% ordé?%%%’ﬁllpe%%%ing the anchor

picture in output ordecomanteeleeréin dantsrpictlirastventaniialerist SeccotreciyeaRen BEEf random
access is performed at.the anchornistuse.JQORMTHA Liicldis setdQelif althe eededrpictures
containing the target NAL units (as defined above) are temporal scalable layer switching points.
Otherwise, the bit TS E PHRIEMRGEFLUCAGTEIR layer switching point, all of the coded pictures
with the same valugmbig mpos ablievehatsand-afteidetsvisORINAdimrihintiedetsdingaorder do not refer

to any coded picture with: thecsame yalue. of temparaligualRiessding the switching point in decoding
order. 10052) The If)ﬁgigh}gyset to f’ if all the coded pictures cc?ﬁltaihing the target NAL units (as defined

above) are redundalf0pftiures PAHERNde 1 M HarRf il sBY PREFE 5815 P TMe picture
that has the greatestaugiaf dripaadenay id ayanpaiitis sotted. pltturdsedMdining the target NAL

units (as defined above) is ap int pigtipre, ke thecoded;pigtiyre does not refer to any earlier
coded picture in decl% |n;gf%?c?glrsi¥r1§?%%%ﬁ§me Iaﬁ?. Thé Rlslgs field is set to 0. [0053] It is further

possible not to convey the fields for the indications in the PACSI NAL unit, but directly add them in the

payload structure before any-NAL- unit-irthe RTP-packet: --------------- b
011,213 a|5|817/0]1]2]512]5]87 0]1]2z|3]4|s|6]7]el1]2|3|a}5|6]7
e et e et S e e el T i bl Sl delh Rk Ao ks Ttk Sl ek dnl i A
IFINRI] Type ] CI header ) ‘
R Tk Tk T S T Sl R ol o
i 1
| €I payload |
«!1— ——————————————— B e B o mm e mmm s +

[0035] The values of the fields in PACSI NAL unit are set as follows. The F bitis
set to 1 if the F bit in at least one remaining NAL unit in the payload 1s equal to 1.
Otherwise, the F bit is set to §. The NRI ficid is set to the highest value of NRI field
among all of the remaining NAL units in the payload. The Type field is set to 30.
[0036] The CI header contains flags to indicate the presence of different types of

content information as follows:



[0054] For SVC and MVC file formats, the indications can be conveyed by additional fields within the
aggregator NAL units. In different embodiments, additional fields and their semantics of the proposed
aggregator NAL unit are similar to the fields of the semantics of the PACSI NAL unit in the different
embodiments described above. 100551 Figure 1 ghows a generic multimedia communications system
for use with the present invention. As shown in Figure 1, a data source 100 provides a source signal in
an analog, uncompressed digital, or compressed digital format, or any combination of these formats.
An encoder 110 encodes the source sienal into a coded media bit stream. The encoder 110 may be
capable of encoding more than one media type, such as audio and video, or more than one encoder
110 may be required to code different media types of the source signal. The encoder 110 may also get

synthetically producgginput, suoh as graphiasand (-abikaaxhr-sanahin el Refkaios coded bit
streams of synthetic media. In the following, only processing of one coded media_bit stream of one
media type is consideieacth&intsHy thelBiearbtioh MEEHbHT SRR Kol M5 Y pically
real-time broadcast sewiees. cofopfiseséveraksreamstitypiod\uat eastomeddudioy tvideo and text
sub-titling stream). I{teggg%le aall %0%%&19é%q‘,;hat the system may include many encoders, but in the
following only one encoder 110 is considered to simplify the description without a lack of generality.

15 [00561 ft should be understood that, although text and examples contained herein may specifically

describe an encoding process,onre-skilled-in-the-art-would readity understand-that the same concepts
and principles also apply to theEottaspaiia déeoity brogeds anevid Vafsd. [0057] The coded
media bit stream is transferred tgra;storage 120. The sterage 320 may samprise ;any type of mass
memory to store the coded media bit stream: “Fhe-format-of the-¢oded media bit stream in the storage
120 may be an elementary self-contained bit stream format, or one or more coded media bit streams
may be encapsulatgtoisgp anentaineriiles Sume sysiensoeparaialtiiviel tertomiifstorage and transfer
coded media bit stream fro int%e §pcoq§ard110 directly to a sender 130. The coded media bit stream is
then transferred to the Sender 13 : Bi<o referred to as the server, on a need basis. The format used in
the transmission may be an elementary self-contained bit stream format, a packet stream format, or

one or more coded media bit-streams may-be-encapsulated-into-a-contaier file: -Fhe-encoder 110, the
storage 120, and the séAtidR 130 It/ TeSidewit? the>sarmer physith [dé6ide Or they! Aay e included in
separate devices. The é@;éégéﬁﬁ@é“ iﬁ%ﬁ_ﬁdé‘psﬁo‘ may operateéth Jive real-time gontent, in
which case the coded media bit stream-is:typically not stered-permanently; but-rather buffered for
small periods of time in the content encoder 110 andior in the sender’t39-t§ smoath out Variations in
processing delay, transfer delay, and coded media bitrate. [0058] Thc sender 130 sends the coded
media bit stream using a communijcation protocol stack. The stack may include but is pot limited to
Real-Time Transpor®BiStoddr R TP} TEerbatadiEPBrOIBE] B Hna Y RteYAEE @éjt%col (IP). When
the communication piofetohstagkis packetOriantedsthaiscRtR pd3&nehpsulatesethes eoded media bit
stream into packetszmi%%@a Rigsben BT RS Uaeh. herSendsl 130 aRtRsHaiesthe coded media
bit stream into RTP packets according to an RTP pay‘gload format. Typically, each media type has a
dedicated RTP payl@@)doﬂﬁ‘rmat. It should be again noted that a system may contain more than one
sender 130, but for tine4snke phsinaplicity] dhasfedtavinghiidseriplierodinly L dnkidersiptie sender 130.
[0059] The sender 130,y XA 13h B caneciod (o g0aleay 149 Hrouah g aemmunication

network. The gatewéﬁ/mflz[l may per%orm different Elpes of functioris, 16 such as translation of a packet
stream according toiofieass Mish hsiRIR I PratsenI &R KT LSE Bk ASERTREISR BréRoRE! stack,
merging and forkingsafidatasstrermeandmanipulatioss of g aia sepm accerding to thaldownlink
and/or receiver capabiltities. such as %g%r)g)llgg tche bit rate of the forwarded stream according to
prevailing downlink RetWork condiions. xe?mp es of gateways 140 include multipoint conference
control units (MCUs)#¢fevrays vewsauicaire the svmbs o thm o PricrétiRitthdaoiddertesphony,
Push-to-talk over Cellihar;(Retksapats.di-ensanstlatars indigial videahroadeasting-handheld
(DVB-H) systems, or set-t gg}box?hs that forw E)\rl%adgﬂgg Rgéf[}sryi%saj&ms locally to home wireless
networks. When RTP {81888 Isc §ATBWAYE 40 15 ‘Called an RTP tixer and acts as an endpoint of an
RTP connection. [0066§2Th&sjstaire irfclistedidrbiceiemioreyeldaiiases BAUDE e EmaEEMable of receiving,
de-modulating, and gacapsuiatinkieuapsnitadesignatinta aceded-nrgiahidstreana The codec
media bit stream is typically processed further by a decoder 160, whose output is one or more
uncompressed media streams. Finally, a renderer 170 may reproduce the uncompressed media
streams with a loudspeaker or a display, for example. The receiver 150, the decoder 160, and the
renderer 170 may reside in the same physical device or they may be included in separate devices.
100611 It should be noted that the bit stream to be decoded can be received from a remote device
located within virtually any type of network. Additionally, the bit stream can be received from local
hardware or software. 100621 Scalability in terms of bitrate, decoding complexity, and picture size Is a
desirable property for heterogeneous and error prone environments. This property is desirable in order

to counter limitations such as constraints on bit rate, display resolution, network throughput, and
comniitationnal nowar in 2 receivvinA devvice 100A21 Commiinicatinn devicee nf the nrecent invvention



17 Multimedia Messaging Service (1IMMS), e-mail, Instant Messaging Service (IMS), Bluetooth, IEEE
802.11, etc. A communication device may communicate using various media including, but not limited
to, radio, infrared, laser, cable connection, and the like. 100641 Figures 2 and 3 show one
representative electronic device 50 within which the present invention may be implemented. It should
be understood, however, that the present invention is not intended to be limited to one particular type
of device. The electronic device 50 of Figures 2 and 3 includes a housing 30, a display 32 in the form
of a liquid crystal display, a keypad 34, a microphone 36, an ear-piece 38, a battery 40, an infrared
port 42, an antenna 44, a smart card 46 in the form of a UICC according to one embodiment of the
invention, a card reader 48, radio interface circuitry 52, codec circuitry 54, a controller 56 and a

memory 58 Individugl gircuits and;elaments arealkof AfxRe wet k. ihea.er example in the
teIeEhones. 100651 The varipus embodiments described herein are described

Nokia range of mobilée | _ .

in the general conte%#* BREArSpS b roRsetEs A filH FREYIE MRSRSan e ihPaY8*mbodiment
by a computer program3prosuck enbbddied & @compudertheatiab ldaweditins inchrekag. and
computer-executablg {SHLCHONSe SUEH A8 RIQHERI.CALSRXGFUIRH R CABAHIRES in networked

environments. A computer-readable medium mg\ﬁé_nclude removable and non-removable storage
devices including, bGePrsEAied oraRusd B MM BIF EROMIEEIdEY WG RTIBR (RAM),
compact discs (CDsypddiitak wersatile dises¢DVD), etc. Generally, program modules may include
routines, programs, ﬁggﬁ t%&%?&%ﬁé%ﬂ%%%e%tféﬂa%‘é{%ﬁhg%e&%‘e%ﬁé%[ﬂh&ﬂ%b%‘éb%i&ﬂﬁ%s or

implement particular abstract types. Computer-executable instructions, associated data
structures, and progfépiisiul B ¢e BreBvit e gainies Sredtdg i ¥odeTord teeatigSteps of the
methods disclosed heteimitkhie partisularisegidanes dhUGh gxattiabipinElyeivaR eitassociated data
structures representsree%(&mples of corresponding acts for implementing the functions described in
such steps or procegsés. '[00661 Embodiments of the present invention may be implemented in

software, hardware,|8#5licathsribijief Sre £ Ebpadiningdinate Lo mIvsresvdrrrrie pitgcappiieation logic. The
software, applicationiegic. apeépriaatdhivasesnawreside farnexample; o el shipsgiansnobile device,
a desktop, a laptop gr L SErver §o tgvatrenan vﬂf%ﬁ{{‘g’éﬁm‘?gta}g%‘ v%ggg%remp%giments can be
accomplished with standar ?‘Sﬁ?am%ﬁgst%c niques Wit iie-tase I%glc and other logic to
accomplish various platabasecsésd chigosnspsronp rdoasessTife Btisrusteps or processes,
comparison steps OrREQGESEaRABE HRriRioRHI80: O RIOCasEeshY alntsmembadimantsimay also be
fully or partially implemeI t%dr}é\lithi etw?r.k el (i[nts.r r odulets. It uldtbe n&t@gtthat the words
"component” and "nid&ufE * 45 e HETER SAG N the ToliGwmg claims, 1S intended to encompass
implementations usiWieariksdr tend thedd bt softwericdcbdes BAd/prvinadiwakenipiédaentations, and/or
equipment for recei‘ﬁia&lgﬁ?%walJM@Q%Z&J&&J@@QQ@Q slesssiptign.efRrbadigents has been
presented for purposes of illustration and description. The foregoing description is not intended to be
exhaustive or to limiY'éiibodiments of the present invention to the precise form disclosed, and
modifications and va9iEebnSiea @ possibéeCimlighet ofdhaaboverteachirigsomeralibslacquired from
practice of various esw}m&gﬁm whengeRodimentadiscusardhegain were ahasansand.described in
es a

order to explain the princip nd the nature of various embodiments and its practical application to
enable one skilled iRTFEEHYS uYRER Prel PE STV M iBh ﬁﬂl\?gﬂ&}gné‘?%&‘fﬁﬁléﬁéngﬁ%oﬂ/ith various

modifications as areisstited:to the(adybular use contemplated. The features of the embodiments
described herein may be combined in all possible combinations of methods, apparatus, modules,

lof1izi3l4]5]6]7]
el R R R LT
| TLT | Reserved|

0047} The TLT syntax element indicates the temporal level that can be switched 1o
if all packets containing temporal levels equal to or lower than TLT are decoded from
this point on, when the temporal level (TLT-1) was previously decoded at least since

the previous temporal level switch point for temporal level (TLT-1) in transmission



1.A method of packetizing an encoded representative of a video 2sequence, comprising: 3packetizing
a pIura_llity of data units into a first packet, 4wherein a first data unit of the plurality of data units
comprises at least 5a portion of the encoded bitstream, wherein a second data unit of the plurality of
data units comprises information summarizing thaxontents of the portion of the encoded 7video, and
yvhereln the second data unit is placed before any of the other data units of athe plurality of data units
in the first packet. 12.The method of claim 1, wherein the first packet comprises a Real-Time
2Transport Protocol packet. 3.The method of claim 1, further comprising providing, in the second
2data unit, an indication indicative of a characteristic that is common to all of the 3plurality of data

units.

order. Alternatively, it is possible to include multiple TLT values to indicate the
multiple temporal_level values that can be switched to under the same condition as
above.

{0048] The bits of the Reserved field are reserved. The bits of the Res field tn the
C1 header are also reserved. When more than one of the non-reserved bits in the CI
header are set to 1, the CI payload syntax structures appear in the order that the
corresponding bits appear in the CI header.

[0049] The following is another implementation of various embodiments of the
present invention, specifically with regard to the RTP payload format of SVC. In this
tmplementation, the payload content scalability information (PACSI) NAL unit
discussed in United States Patent Application No. 11/622,430 is extended by adding

one more octet as follows.

foj1j23lafsisl7]
et et ED T e e sk 2
[RiTiD{I| =RES |

[0050] TheR field is set to 1 if all the coded pictures containing the target NAL
units are anchor pictures. Otherwise, the bit R is be set to 0. The target NAL units are
such NAL units contained in the aggregation packet, but not included in the PACSI
NAL unit, that are within the access unit to which the first NAL unit following the
PACSI NAL unit in the aggregation packet belongs. An anchor picture is such a
picture that, if decoding of the layer starts from the picture, all the following pictures
of the layer, in output order, can be correctly decoded. Note that anchor pictures are
random access points to the layers the anchor pictures belong to. However, some
pictures succeeding an anchor pictuse in decoding order but preceding the anchor
picture in output order may refer to carlier pictures hence may not be correctly
decoded, if random access is performed at the anchor picture.

[0651] The T ficld is set to 1 if all the coded pictures containing the target NAL
units (as defined above) are temporal scalable layer switching points. Otherwise, the
bit T is set to 0. For a temporal scalable layer switching point, all of the coded

pictures with the same value of temporal level at and afler the switching point in



14.The method of claim 3, wherein the indication comprises an indication 2of redundant coded
pictures within the plurality of data units. 5. The method of claim 3, wherein the indication comprises
an indication 2of temporal level switching points within the plurality of data units. 6. The method of
claim 3, wherein the indication comprises an indicggion 2of gradual decoding access points within the
plurality of data units. 17.The method of claim 3, wherein the indication comprises an indication 20of
views to which the plurality of data units belong. 8.The method of claim 3, wherein the indication
comprises an indication 2of view random access pictures within the plurality of data units. 19.A
computer program product, embodied in a computer-readable 2 medium, comprising computer code
for performing the processes of claim I.

decoding order do not refer to any coded picture with the same value of
temporal_level preceding the switching point in decoding order.

j0052] The D field is set to | if all the coded pictures containing the target NAL
units (as defined above) are redundant pictures. Otherwise, the D field is set to 0.

The 1 field is set to 1 if the picture that has the greatest value of dependency_id among
all the coded pictures containing the target NAL units (as defined above) is an intra
coded picture, i.e., the coded picture does not refer to any earlier coded picture in
decoding order in the same layer. The RES field is setto 0.

[0053] It is further possible not to convey the fields for the indications in the PACSI
NAL unit, but directly add them in the pavload structure beforc any NAL unit in the
RTP pacicet.

[0654) For SVC and MVC file formats, the indications can be conveyed by
additional fields within the aggregator NAL units. In different embodiments,
additional fields and their semantics of the proposed aggregator NAL unit are similar
to the fields of the semantics of the PACSI NAL unit in the different embodiments
described above.

[0055] Figure 1 shows a generic multimedia communications system for use with
the present invention. As shown in Figure 1, a data source 100 provides a source
signal in an analog, uncompressed digital, or compressed digital format, or any
combination of these formats. An encoder 110 encodes the source signal inte a coded
media bit stream. The enceder 110 may be capable of encoding more than one media
type, such as audio and video, or more than one encoder 110 may be required to code
different media types of the source signal. The encoder 110 may also get
synthetically produced input, such as graphics and text, or it may be capabie of
producing coded bit streams of synthetic media. In the following, only processing of
one coded media bit stream of one media type is considered to simplify the
description. It should be noted, however, that typically real-time broadcast services
comprise several streams {typically at least onc audio, video and text sub-titling
stream). It should also be noted that the system may include many encoders, but in
the following only one encoder 110 is considered to simplify the description without &

lack of generality.



20 10.An apparatus, comprising: a processor; and 3a memory unit communicatively connected to the
processor and 4including computer code for packetizing a plurality of data units into a sfirst packet,
7wherein a first data unit of the plurality of data units comprises at least a portion of the encoded
bitstream, wherein a second data unit of the plurality of data 9 units comprises information
summarizing the contents of the portion of the encoded icvideo, and wherein the second data unit is
placed before any of the other data units of rithe plurality of data units in the first packet. 111.The
apparatus of claim 10, wherein the first packet comprises a Real- 2Time Transport Protocol packet.

[0056] Tt should be understood that, although text and examples coniained herein
may specifically describe an encoding process, one skilled in the art would readily
understand that the same concepts and principles also apply to the corresponding
decading process and vice versa.

{0057] The coded media bit stream is transferred to a storage 120. The storage 120
may comprise any type of mass memory to store the coded media bit stream. The
format of the coded media bit stream in the storage 120 may be an elementary seli-
contained bit stream format, or one or more coded media bit streams may be
encapsulated into a container file. Some systems operate “live”, i.e. omit storage and
transfer coded media bit stream from the encoder 110 directly to a sender 130. The
coded media bit stream is then transferred to the sender 130, also referred to as the
server, on a need basis. The format used in the transmission may be an elementary
self-contained bit stream format, a packet stream format, or one or more coded media
bit streams may be encapsulated into a container file. The encoder 110, the storage
120, and the sender 130 may reside in the same physical device or they may be
inciuded in separate devices. The encoder 110 and the sender 130 may operate with
live real-time content, in which case the coded media bit stream is typically not stored
permanently, but rather buffered for small periods of time in the content encoder 110
and/or in the sender 130 to smooth out variations in processing delay, wansfer delay,
and coded media bitrate.

[0058] The sender 130 sends the coded media bit stream using a communication
protocol stack. The stack may include but is not limited to Real-Time Transport
Protocol (RTP), User Datagram Protocol (UDP), and Intemnet Protocol (TP). When
the communication protocol stack is packet-oriented, the sender 130 encapsulates the
coded media bit stream into packets. For example, when RTP is used, the sender 130
encapsulates the coded media bit stream into RTP packets according 10 an RTP
payload format. Typically, each media type has a dedicated RTP payload format. It
should be again noted that a system may contain more than one sender 130, but for
the sake of simplicity, the following description only considers one sender 130,
[6059] The sender 130 may or may not be connected to a gateway 140 through a

communication network. The gateway 140 may perform different types of functions,



12.The apparatus of claim 10, wherein the memory unit further comprises 2computer code for
providing, in the second data unit, an indication indicative of a 3characteristic that is common to all of
the plurality of data units. 13. The apparatus of claim 12, wherein the indication comprises an
2indication of redundant coded pictures within theglurality of data units. 14. The apparatus of claim
12, wherein the indication comprises an 2indication of temporal level switching points within the
plurality of data units. 15. The apparatus of claim 12, wherein the indication comprises an 2indication
of gradual decoding access points within the plurality of data units. 116.The apparatus of claim 12,
wherein the indication comprises an 2indication of views to which the plurality of data units belong.
17.The apparatus of claim 12, wherein the indication comprises an 2indication of view random access

pictures within the I@H&E%l&%@ﬁsﬂé&% Umtﬁacket stream according to one communication protocoi stack

to another communication protocol stack, merging and forking of data streams, and
manipulation of date stream according to the downlink and/or recerver capabilities,
such as controlling the bit rate of the forwarded stream according to prevailing
downlink network conditions. Examples of gateways 140 include multipoint
conference control units (MCUs}, gateways between circuit-switched and packet-
switched video telephony, Push-to-talk over Cellular (PoC) servers, IP encapsulators
in digital video broadcasting-handheid (DVB-H) systems, or set-top boxes that
forward broadcast transmissions locally to home wireless networks. When RTP is
used, the gateway 140 is called an RTP mixer and acts as an endpoint of an RTP
connection.

[0060] The systern includes one or more receivers 150, typically capable of
receiving, de-modulating, and de-capsulating the transmitted signal into a coded
media bit stream. The codec media bit stream is typically processed further by 2
decoder 160, whose output is one or more uncompressed media streams. Finally, a
renderer 170 may reproduce the uncompressed media streams with é loudspeaker or a
display, for example. The receiver 150, the decoder 160, and the renderer 170 may
reside in the same physical device or they may be included in separate devices.
[0061] 1t should be noted that the bit stream to be decoded can be received from a
remote device located within virtually any type of network. Additionally, the bit
stream can be received from local hardware or software.

[0062] Scalability in terms of bitrate, decoding complexity, and picture size 15 a
desirable property for heterogenecus and error prone environments. This property 18
desirable in order to counter limitations such as constraints on bit rate, display
resolution, network throughput, and computational power in a receiving device.
[0063] Communication devices of the present invention may communicate using
varjous transmission technologies including, but not imited to, Code Division
Multiple Access (CDMA}, Global System for Mobile Communications (GSM},
Universal Mobile Telecommunications System (UMTS), Time Division Multiple
Access (TDMA), Frequency Division Multiple Access (FDMA), Transmission
Control ProtocolIntemet Protocol {TCP/IP), Short Messaging Service (SMS),



21 18.A method of processing a pack.etized bitstream representative of a 2video sequence,
comprising: reading a plurality of data units from a first packet, wherein a first data 4unit of the plurality
of data units comprises at least a portion of the encoded bitstream, 5wherein a second data unit of the
plurality of data units comprises information 6sumyparizing the contents of the portion of the encoded
video, and wherein the second 7data unit is located before any of the other data units of the plurality of
data units in the first packet; and 9processing the plurality of data units based upon information
contained iowithin the second data unit. 19.The method of claim 18, wherein the first packet comprises
a Real-

Multimedia Messaging Service (MMS), e-mail, Instant Messaging Service (IMS),
Bluetooth, IEEE 802.11, etc. A communication device may communicate using
various media including, but not limited to, radio, infrared, laser, cable connection,
and the like.

[6064] Figures 2 and 3 show one representative electronic device 50 within which
the present invention may be implemented. It shouid be understood, however, that the
present invention is not intended to be limited to one particular type of device. The
electronic device 50 of Figures 2 and 3 includes a housing 30, a display 32 1n the form
of a liquid crystal display, a keypad 34, a microphone 36, an gar-piece 38, a battery
40, an infrared port 42, ap antenna 44, a smart card 46 in the form of a UICC
according to one embodiment of the invention, a card reader 48, radio interface
circuitry 52, codec circuitry 54, a controller 56 and a memory 58, Individuai circuits
and elements are all of a type well known in the art, for example in the Nokia range of
mobile telephones.

{0065] The various embodiments described herein are described in the general
context of method steps or processes, which may be implemented in one embodiment
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code, executed by computers in
networked environments. A computer-readable medium may include removable and
non-removable storage devices including, but not limited to, Read Only Memory
(ROM), Random Access Memory (RAM), compact discs (CDs), digital versatile discs
(DVD), etc. Generally, program modules may include routines, programs, objects,
components, data structures, etc. that perform particular tasks or implement particular
abstract data types. Computer-executable instructions, associated data structures, and
program modules represent examples of program code for executing steps of the
methods disclosed herein. The particular sequence of such executabie instructions or
associated data structures represents examples of corresponding acts for implementing
the functions described in such steps or processes.

[0066] Embodiments of the present invention may be impiemented in software,
hardware, application logic or a combination of software, hardware and application

logic. The software, application logic and/or hardware may reside, for exampic, on a



2Time Transport Protocol packet. 120.The method of claim 18, wherein the second data unit includes
an 2indication indicative of a characteristic that is common to all of the plurality of data 3units. 121.The
method of claim 20, wherein the indication comprises an 2indication of redundant coded pictures
within the plurality of data units. 22. The method ofclaim 20, wherein the indication comprises an
2indication of temporal level switching points within the plurality of data units. 23. The method of claim
20, wherein the indication comprises an 2indication of gradual decoding access points within the
plurality of data units. 24. The method of claim 20, wherein the indication comprises an 2indication of
views to which the plurality of data units belong. 125.The method of claim 20 wherein the indication
comprises an

chipset, a mobile device, a desktop, a laptop or a server. Software and web
implementations of various embodiments can be accomplished with standard
programming techniques with rule-based logic and other logic to accomplish various
database searching steps or processes, cortelation steps or processes, comparison steps
or processes and decision steps or processes. Various embodiments may also be fully
or partially impliemented within network eiements or modules. It should be noted that
the words “component” and “module,” as used herein and in the following claims, is
intended to encompass implementations using one or more lines of software code,
and/or hardware implementations, and/or equipment for receiving manual inputs.
[B067] The foregoing description of embodiments has been presented for purposes
of illustration and description. The foregoing description is not intended to be
exhaustive or to limit embodiments of the present invention to the precise form
disclosed, and modifications and variations are possible in light of the above
teachings or may be acguired from practice of various embodiments. The
embodiments discussed herein were chosen and described in order to explain the
principles and the nature of various embodiments and its practical application to
enable one skilled in the art to utilize the present invention in various embodiments
and with various modifications as are suited to the particular use contemplated. The
features of the embodiments described herein may be combined in all possible
combinations of methods, apparatus, modules, systems, and computer program

products.



2indication of view random access pictures within the plurality of data units. 22 26.A computer
program product, embodied in a computer-readable 2 medium, comprising computer code for
performing the processes of claim 18. 127.An apparatus, comprising: 2a processor; and 3a memory
unit communicatively connected to a processor aggl 4including: 5computer code for reading a plurality
of data units from a first 6packet, wherein a first data unit of the plurality of data units comprises at
least a 7portion of the encoded bitstream, wherein a second data unit of the plurality of data 8 units
comprises information summarizing the contents of the portion of the encoded video, and wherein the
second data unit is located before any of the other data units of iothe plurality of data units in the first
packet; and

WHAT IS CLAIMED I8:

1 l. A method of packetizing an encoded representative of a video

2 sequence, comprising:

3 packetizing a plurality of data units into a first packet,

4 wherein a first data unit of the plurality of data units comprises at least
5 aportion of the encoded bitstream, wherein a second data unit of the plurality of data
&  units comprises information summarizing the contents of the portion of the encoded

s video, and wherein the second data unit is placed before any of the other data units of

g the plurality of data units in the first packet.

1 2. The method of claim 1, wherein the first packet comprises a Real-Time

2 Transport Protocol packet.

1 3 The method of claim 1, further comprising providing, ir the second
»  data unit, an indication indicative of a characteristic that is common to all of the

3 plurality of data umnits.

1 4, The method of claim 3, wherein the indication comprises an indication

> of redundant coded pictures within the plurality of data units.

1 5. The method of claim 3, wherein the indication comprises an indication

2 of temporal level switching points within the plurality of data units.

1 6. The method of ¢laim 3, wherein the indication comprises an indication

z  of gradual decoding access points within the plurality of data units.

1 7. The method of claim 3, wherein the indication comprises an indication

2 of views to which the piurality of data units belong.

1 &. The method of claim 3, wherein the indication comprises an indication

2 of view random access pictures within the plurality of data units.

1 9. A computer program product, embodied in a computer-readable

2 medium, comprising computer code for performing the processes of claim 1.



[lcomputer code for processing the plurality of data units based 12 upon information contained within
the second data unit. 128.The apparatus of claim 27, wherein the first packet comprises a Real- 2Time
T‘ran.sport Protocol packet. 129.The apparatus of claim 27, wherein the second data unit includes an
2indication indicative of a characteristic that is cogamon to all of the pIuraIity of data 3units. 30The
apparatus of claim 29, wherein the indication comprises an 2indication of redundant coded pictures
w_lthl_n th_e plurality of data units. 31.The apparatus of claim 29, wherein the indication comprises an
2indication of temporal level switching points within the plurality of data units. 132.The apparatus of

claim.29, wherein the indication comprises an 2indication of gradual decoding access points within the
plurality of data units.

1 10.  An apparatus, comprising:
2 a processor; and
3 a memory unit communicatively connected to the processor and

4 including

5 computer code for packetizing a plurality of data units into a

5 first packet,

7 wherein a first data unit of the plurality of data units comprises at least
g  aportion of the encoded bitstream, wherein a second data unit of the plurality of data
9 units comprises information summarizing the contents of the portion of the encoded
0 video, and wherein the second data unit is placed before any of the other data units of

11 the plurality of data units in the first packet.

1 11 The apparatus of claim 10, wherein the first packet comprises 2 Real-

2 Time Transport Protocol packet.

1 12.  The apparatus of claim 10, wherein the memory unit further comprises
2 computer code for providing, in the second data unit, an indication indicative of a

3 characteristic that is common to al! of the plurality of data units.

1 13.  The apparatus of claim 12, wherein the indication comprises an

> indication of redundant coded pictures within the plurality of data units.

1 14.  The apparatus of claim 12, wherein the indication COMPELSES an

>  indication of temporal level switching points within the plurality of data units.

1 15.  The apparatus of claim 12, wherein the indication ¢OMPprises an

2 indication of graduai decoding access points within the plurality of data units.

1 16.  The apparatus of claim {2, wherein the indication COMPrISES an

> indication of views to which the plurality of data units belong.

1 17.  The apparatus of claim 12, wherein the indication comprises an

s indication of view random access pictures within the plurality of data units.



33.The apparatus of claim 29, wherein the indication comprises an 2indication of views to which the
plurality of data units belong. 23 34.The apparatus of claim 29, wherein the indication comprises an
2indication of view random access pictures within the plurality of data units, 35.An apparatus,
comprising: 2means for packetizing a plurality of data units into a first apacket, 4wherein a first data
unit of the plurality of data units comprises 5at least a portion of the encoded bitstream, wherein a
second data unit of the plurality of data units comprises information summarizing the contents of the
portion of the 7 encoded video, and wherein the second data unit is placed before any of the other
data units of the plurality of data units in the first packet.

1 18. A method of processing a packetized bitstream representative of a

2 video sequence, cCOMprising:

3 reading a plurality of data units from a first packet, wherein a first dala
4 unit of the plurality of data units comprises at least a portion of the gncoded bitstream,
5  wherein a second data unit of the plurality of data units comprises information

¢  summarizing the contents of the portion of the encoded video, and wherein the second
7 data unit is located before any of the other data umits of the plurality of data units in

s  the first packet; and

] processing the plurality of data units based upon information contained

Ic  within the second data umit.

1 19.  The method of claim 18, wherein the first packet comprises a Real-

2 Time Transport Protocoi packet.

1 20. The method of claim 18, wherein the second data unit includes an
»  indication indicative of a characteristic that is common to all of the plurality of data

a3 units.

1 21. The method of claim 20, wherein the indication comprises an

2 indication of redundant coded pictures within the plurality of data units.

1 22.  The method of claim 20, wherein the indication comprses an

»  indication of temporal level switching points within the plurality of data units.

1 23.  The method of claim 20, wherein the indication comprises an

2 indication of gradual decoding access points within the plurality of data units.

1 24, The method of claim 20, wherein the indication comprises an

2 indication of views 1o which the plurality of data units belong.

1 25.  The method of claim 20, wherein the indication comprises an

2 indication of view random access pictures within the plurality of data units.



36.An apparatus, comprising, 2means for reading a plurality of data units from a first packet, awherein
a first data unit of the plurality of data units comprises at least a portion of 4the encoded bitstream,
wherein a second data unit of the plurality of data units 5 comprises information summarizing the
contents of the portion of the encoded video, andyherein the second data unit is located before any of
the other data units of the plurality of data units in the first packet; and 8means for processing the
plurality of data units based upon information contained within the second data unit.

1 26. A computer program product, embodied in a computer-readabie

>  medium, comprising computer code for performing the processes of ¢laim 18.

1 27.  An apparatus, comprising:

2 a processor; and

3 2 memory unit communicatively connected to a processor and

4 including:

5 computer code for reading a plurality of data units from a first
§  packet, wherein a first data unit of the plurality of data units comprises at least a

7 portion of the encoded bitstream, whercin a second data unit of the plurality of data
&  units comprises information summarizing the contents of the portion of the encoded
9 video, and wherein the second data unit is located before any of the other data units of
0 the plurality of data units in the first packet; and

1 computer code for processing the plurality of data units based

1z upon information contained within the second data unit.

1 28.  The apparatus of claim 27, wherein the first packet comprises a Real-

2 Time Transport Protocol packet,

1 29.  The apparatus of claim 27, wherein the second data unit includes an
> indication indicative of a characteristic that is common to all of the plurality of data

3 units.

1 30.  The apparatus of claim 29, wherein the indication comprises an

»  indication of redundant coded pictures within the plurality of data units.

1 31.  The apparatus of claim 29, wherein the indication comprises an

»  indication of temporal level switching points within the plurality of data units.

1 32.  The apparatus of claim 29, wherein the indication comprises an

2 indication of gradual decoding access points within the plurality of data units,

1 33.  The apparatus of claim 29, wherein the indication conpriscs an

2  indication of views to which the plurality of data units belong.



23

34.  The apparatus of claim 29, wherein the indication comprises an

indication of view random access pictures within the plurality of data units.

35, An apparatus, comprising:
means for packetizing a plurality of data units into a first
packet,
wherein a first data unit of the plurality of data units comprnises
at least a portion of the encoded bitstream, wherein a second data unit of the plurality
of data units comprises information summarizing the contents of the portion of the
encoded video, and wherein the second data unit is placed before any of the other data

units of the plurality of data units in the first packet.

36.  An apparatus, comprising:

means for reading 2 plurality of data units from a first packet,
wherein a first data unit of the plurality of data units comprises at Jeast a portion of
the encoded bitstream, wherein a second data unit of the plurality of data units
comprises information summarizing the contents of the portion of the encoded video,
and wherein the second data unit is located before any of the other data units of the
plurality of data units in the first packet; and

means for processing the plurality of data enits based upon

information contained within the second data unit.



