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[0003] The disclosure is directed to multimedia signal processing and, more
particularly, to techniques for video encoding and decoding channel switch frames
(CSF) to enable acquisition and re/synchronization of the video stream while preserving

compression efficiency.
Background

[0004] Multimedia processing systems, such as video encoders, may encode
multimedia data using encoding methods based on international standards such as
Moving Picture Experts Group (MPEG)-1, -2 and -4 standards, the International
Telecommunication Union (ITU)-T H.263 standard, and the ITU-T H.264 standard and
its counterpart, ISO/IEC MPEG-4, Part 10, i.c., Advanced Video Coding (AVC), cach
of which is fully incorporated herein by reference for all purposes. Such encoding
methods generally are directed to compressing the multimedia data for transmission
and/or storage. Compression can be broadly thought of as the process of removing

redundancy from the multimedia data.

[0005] A video signal may be described in terms of a sequence of pictures, which
include frames (an entire picture), or fields (e.g., an interlaced video stream comprises
fields of alternating odd or even lines of a picture). As used herein, the term “frame”

refers to a picture, a frame or a field. Video encoding methods compress video signals
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[0008] Inter-coding enables more compression efficiency than intra-coding.
However, inter-coding can create problems when reference data (e.g., reference frames
or reference fields) are lost due to channel errors, and the like. In addition to loss of
reference data due to errors, reference data may also be unavailable due to initial
acquisition or reacquisition of the video signal at an mter-coded frame. In these cases,
decoding of inter-coded data may not be possible or may result in undesired errors and

error propagation. These scenarios can result in a loss of synchronization of the video
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SUMMARY

{0011] Techniques for video encoding and decoding channel switch frames (CSF) to
enable acquisition and re/synchronization of the video stream while preserving
compression efficiency is provided. In one aspect, a device comprising a processor
operative to generate a channel switch frame (CSF) from one or more network
abstraction layer (NAL) units to enable random access points in a coded bitstream is

provided.

[0012]  Another aspect includes a computer program product including a computer
readable medium having instructions for causing a computer to generate a channel
switch frame (CSF) from one or more network abstraction layer (NAL) units to enable

random access points in a coded bitstream.

[0013] A still further aspect includes a device comprising a processor operative to
decode one or more of back-to-back frames, each with the same frame ID number, with
a first frame of the back-to-back frames being a random access point (RAP) frame and

the second frame being a non-RAP frame.

[0014] Additional aspects will become more readily apparent from the detailed



description, particularly when taken together with the appended
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bl ock di agram of an exenpl ary encoder dgvi ce that may be used in the
systemof FIG 1. [0017]FIG 2B illustrates a bl ock diagram of an
exenpl ary decoder device that may be used in the systemof FIG 1.
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for processfHYEHEODHS syegywordlng to certain configurations.

[0016] FIG. 2A illustrates a block diagram of an exemplary encoder device that may
be used in the system of FIG. 1.

[0017] FIG. 2B illustrates a block diagram of an exemplary decoder device that may
be used in the system of FIG. 1.

i0018] FIG. 3 illustrates an exemplary rclationship between sync layer messages

and realtime media stream output to/by the device in a FLO network.

[0019] FIG. 4 illustrates exemplary protocol layers for a realtime service within a
FLO network.

[0020] FIGS. 5A-5B illustrate alternative exemplary relationships between sync

layer packets and the media frames.

[0021] FIG. 6 illustrates an exemplary state machine for processing the sync layer

for an individual flow in the device.

[0022] FIG. 7 illusirates an exemplary channel switch frame (CSF).

[0023] FIG. 8 illustrates an exemplary 3-NAL CSF.

[0024] F1G. 9 illustrates a channel switch frame generator.

[0025] FIG. 10 illustrates a process for decoding a bitstream with CSFs.
[0026] FI1G. 11 illustrates a sync header generator generating a sync header.

[0027] FIG. I2A illustrates an additional fields generator of the sync header

genecrator.

[0028] FIG. 12B illustrates an adaptation type generator of the sync header

generator.
[0029] FIG. 13A illustrates a common media header assembler.
[0030] FIG. 13B illustrates a media-specific header assembler.

[0031] FIG. 14 illustrates a video sync layer directory assembler.,
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[0034] FIG. 17 illustrates an example of a bitstream generated by a network with

back-to-back same frame identification numbers.

[0035] The images in the drawings are simplified for illustrative purposes and are
not depicted to scale, To facilitate understanding, identical reference numerals have
been used, where possible, to designate identical clements that are common to the
Figures, except that suffixes may be added, when appropriate, to differentiate such

clements.

[0036] The appended drawings illustrate exemplary configurations of the invention
and, as such, should not be considered as limiting the scope of the invention that may
admit to other equally effective configurations. It is contemplated that features or
blocks of one configuration may be beneficially incorporated in other configurations

without further recitation.

DETAILED DESCRIPTION
Abbreviations
[0037] The following abbreviations apply to the description provided below:

FLO: Forward Link Only

IDR: Instantaneous Decoding Refresh

1EC: Intemational Electrotechnical Commission
IETF: Internet Engineering Task Force

ISO: International Organization for Standardization
ITU: International Telecommunication Union
ITU-T: 1TU Telecommunication Standardization Sector
NAL: Network Abstraction Layer

RBSP: Raw Byte Sequence Payload

TIA: Telecommunications Industry Association
TM3: Terrestrial Mobile Multimedia Multicast
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or designs, and the terms “core”, “engine”, “machine”, “processor” and “processing

unit” are used interchangeably.

[0039] The techniques described herein may be used for wireless communications,
computing, personal electronics, etc. An exemplary use of the techniques for wireless

communication 1s described below.

[0040] The following detailed description is directed to certain sample
configurations of the invention. However, the invention can be embodied in a multitude
of different ways as defined and covered by the claims. In this description, reference is

made to the drawings wherein like parts are designated with like numerals throughout.

[0041] Video signals may be characterized in terms of a series of pictures, frames,
and/or fields, any of which may further include one or more slices. As used herein, the
term “frame” is a broad term that may encompass one or more of frames, fields, pictures

and/or slices.

[0042] Configurations include systems and methods that facilitate channel switching
in a multimedia transmission system. Multimedia data may include one or more of

motion video, audio, still images, text or any other suitable type of audio-visual data.

[0043] FIG. 1 illustrates a block diagram of an exemplary multimedia
communications system 100 according to certain configurations. The system 100
includes an encoder device 110 in communication with a decoder device 150 via a
network 140. In one example, the encoder device 110 receives a multimedia signal from

an external source 102 and encodes that signal for transmission on the network 140.

[0044] In this example, the encoder device 110 comprises a processor 112 coupled
to a memory 114 and a transceiver 116. The processor 112 encodes data from the

multimedia data source and provides it to the transceiver 116 for communication over
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of different ways as defined and covered by the clains.
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desi gnat ed \f\ﬁ one %%alﬁ%lemfﬁm{:r%s%e&r e il 8Hc§es a wireless transceiver. The network 140
may comprise one or more of a wired or wireless communication system, including one
or more of a Ethernet, telephone (e.g., POTS), cable, power-line, and fiber optic
systems, and/or a wireless system comprising one or more of a code division multiple
access (CDMA or CDMAZ2000) communication system, a frequency division multiple
access (FDMA) system, an orthogonal frequency division multiple (OFDM) access
system, a time division multiple access (TDMA) system such as GSM/GPRS (General
packet Radio Service)/EDGE (enhanced data GSM environment), a TETRA (Terrestrial
Trunked Radio) mobile telephone system, a wideband code division multiple access
(WCDMA) system, a high data rate (1xEV-DO or 1xEV-DO Gold Multicast) system,
an IEEE 802.11 system, a MediaFLO system, a DMB system, a DVB-H system, and the
like.

[0046]  FIG. 2A illustrates a block diagram of an exemplary encoder device 110 that
may be used in system 100 of FIG. 1 according to certain configurations. In this
configuration, the encoder device 110 comprises an inter-coding encoder element 118,
an intra-coding encoder element 120, a reference data generator clement 122 and a
transmitter element 124. The inter-coding encoder element 118 encodes inter-coded
portions of video that are predicted temporally (e.g., using motion compensated
prediction) in reference to other portions of video data located in other temporal frames.
The intra-coding encoder element 120 encodes intra-coded portions of video that can be
decoded independently without reference to other temporally located video data. In
some configurations, the intra-coding encoder element 120 may use spatial prediction to
take advantage of redundancy in the other video data located in the same temporal

frame.
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illustrates a diagram of an exenplary enco devi ce
data packets containing an identifiable packet hcadcr that identifics the data packet as

belonging to the virtual channel. Other forms of identifying a virtual channel are known

in the art such as frequency division, time division, code spreading, etc.

[0049] FIG. 2B illustrates a block diagram of an exemplary decoder device 150 that
may be used by system 100 of FIG. 1 according to certain configurations. In this
configuration, the decoder 150 comprises a receiver element 158, a selective decoder
clement 160, a reference data determiner element 162, and one or more reference data
availability detectors such as a channel switch detector element 164 and an error

detector element 166.

[0050] The recciver 158 receives encoded video data (c.g., data encoded by the
encoder device 110 of FIGS. 1 and 2A). The receiver 158 may receive the encoded data
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Certain configurations define the bitstream syntax and semantics, and decoding
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accordance with exemplary configurations described herein is defined as a coded picture

comprised of a sequence parameter set, and/or a picture parameter set, and/or an
instantaneous decoding refresh (IDR) picture. A channel switch frame (CSF) can be
encapsulated in an independent transport protocol packet to enable random access points
in the coded bitstream or to facilitate error recovery. Channel switch frames (CSFs) are

specified herein below.

[0060] Conventions used herein for operators, range notation, mathematical
functions, variables, syntax elements, tables, and processes, are as specified in clause 5
of the H.264/AVC standard.

[0061] Certain configurations described herein include: a description of the scope,
normative references, definitions of terms, abbreviations and the organization of the

disclosure; and a description of the bitstream syntax, semantics and decoding processes.

Low Complexity Bitstream Format and Decoding for Multimedia Broadcast

[0062] The description provided herein, among other things, describes an exemplary
bitstream format and the decoding process which provides a low complexity extension
for multimedia broadcast. Bitstream conforming to the low complexity extension

described by this specification conforms to profiles in A.2 of the H264/AVC standard
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channel change w1thm the MediaFLOTM environment and to facilitate error recovery,

encoder elements 120 according to certain configurations may insert channel switch
frames (CSFs). A channel switch frame (CSF) 700 can be comprised of up to 3 NAL
units, or more, NAL, ... NALx denoted by reference numerals 702 and 704, X may be
2 or more. Nonetheless, the CSF 700 may have only one NAL unit.

[10065] FIG. 8 illustrates an exemplary 3-NAL CSF 800. In this example, the CSF
800 is comprised of 3 NAL units 802, 804 and 806. If 3 NAL units are used, in certain
situations, which if present, can be in the bitstream in the following order: a sequence
parameter sct (SPS) 812, a picture parameter set (PPS) 814, and an instantaneous
decoding refresh (IDR) 816. The IDR NAL unit may be a low-quality NAL IDR unit.

[0066] This CSF arrangement is shown in Table 1. Table 1 identifies which NAL
unit types are being used for the CSF 800. In the exemplary configuration, the NAL
unit types include Type numbers 7, 8 and 5. Nonetheless, in other circumstances, the
IDR NAL type 5 may be replaced with an I-frame (coded slice) NAL type 1. RBSP
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represents the coded slice NAL unit 1. The number 0 is unspecified.

Table 1: NAL units and RBSP syntax for channel switch frames

Content of NAL unit RBSP syntax structure nal unit type | C
Sequence parameter set seq parameter set rbsp() 7 0
Picture parameter set pic_paramete set rbsp() 8 )|
Coded slices of an IDR picture | slice layer without 5 53
partitioning rbsp() ’
Coded slice slice_layer with_ 1 2,3,
partitioning rbsp() 4
[0667] The syntax, semantics, and decoding processes for these NAL units are as

specified in the H.264/AVC standard.

Specifications of channel switch frame parameters

[0068] The semantics of channel switch frame (CSF) bitstreams have different

requirements for several syntax elements, variables, and functions from those of the

H.264/AVC standard.

[0069] FIG. 9 illustrates a channel switch frame (CSF) generator 900. The CSF
generator 900 includes a SPS generator 902, a PPS generator 904, a IDR generator 906
and an I-frame generator 908. The following requirements differ from the H.264/AVC
standard. The SPS generator 902 allows the resultant sequence parameter set (SPS)
NAL of a CSF 800 to have a pic_order_cnt type equal to 0. Additionally, the SPS
generator 902 allows the resultant sequence parameter set (SPS) NAL of a CSF 800 to

have a gaps_in_frm_num_value allowed_flag equal to 0.

[0070] The PPS generator generates a resultant PPS NAL unit. The I-frame

generator 908 generates an I-frame NAL unit. The IDR generator 906 generates a
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resultant IDR NAL unit such that the syntax element pic_order cnt_Isb for the IDR
picture may be non-zero. The IDR picture PicOrderCnt() is equal to that of the
corresponding P slice PicOrderCnt(). Additionally, the syntax element frame num of
the IDR picture may be non-zero. The IDR picture frame num is equal to that of the
corresponding P slice frame_num. The following picture frame num can be equal to

(frame num + 1) % MaxFrameNum.

[0071] Thus, the IDR generator includes an IDR picture order count (POC) number
calculator 910 which sets the IDR NAL’s POC number to equal the P-slice POC
number. The IDR generator also includes an IDR picture frame number calculator 912
which sets the picture frame number equal to the P-slice picture frame number. The
IDR generator also ensures in some instances that the picture frame number and the
POC number are non-zero. The encoder device 110 tracks the frame number at block

916 where the picture frame_num can be equal to (frame_num + 1) % MaxFrameNum.

[0072] The encoder device 110 may track a variable PrevRefFrameNum such that it

can be set equal to the value of the CSF frame _num minus 1.

Channel Switch Frame Decoding

[0073]  FIG. 10 illustrates a process 1000 for decoding a bitstream with CSFs. The
decoding process 1000 used for the I-slices as specified in clause 8 of the H.264/AVC
standard can be used to decode the channel switch frame (CSF) if an IDR NAL unit is
substituted with an I-slice NAL unit (coded slice of NAL type 1), as generated by the I-
frame generator 908. The pictures in the requested channel with output order (display)
before the channel switch frame (CSF) can be dropped. There is no change to the
decoding of future pictures (in the sense of output order). The future pictures following

the CSF can not use any pictures with output order before the CSF as reference frames.

[0074] In various configurations below, flowchart blocks are performed in the
depicted order or these blocks or portions thercof may be performed

contemporaneously, in parallel, or in a different order.

[0075] Thus, the decoding process 1000 begins with block 1002 where a bitstream
with pictures are decoded. Block 1002 is followed by block 1004 where a

determination is made whether a CSF is detected. If the determination is “NO,” then the
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pi cture may be non-zero. The IDR BI cture PicOr erCnth,t is equal
¢

that of thethededuestodshinmg! hf@mf&f‘e BF dopwigricerder) . If Abpodatoravigatipy is ‘t‘YﬂéS
syntax el emate fcﬁﬂ@s—%'ﬂrﬁﬁpeﬁ% iR OPil%t uﬁ%cmbl@% %f&%grbg'l bl-(l)-ulfke]bgQ
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pi cture or déﬁn%(%ﬁ?t %‘ggffll #S’Oer&eca 1511%30 or™ }lle(r:h EYNES atnﬁémi of
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PheC ol s ur S PRERb e COF dalthe BupR RS IR E. B BiiefHdis e, Bjock
The | DR geneggaf osjoat $@1081§$Mfd%»%dlb5} HIQURE 0l DS tRNE S, it ddidiBimti6h WeNO,”
frane nunber and the POC nunber are non-zero. The encoder devi ce 110

tracks the fhearbéocm%%#ooas bpstkge blarkd e BlockHE 1 Hiplse deaps Pretnte bherk 1087
be equal 10 ufLaRmR ca'ch% ta%éivffégé RN, ro «ﬂ&%ﬁ RIS xﬁé}FQéjEé't bgefwsﬁﬁg

110 may track a vari a evRef FrameNum suc I't can
equal to théle\faalnweardwf@ﬂqmg(ﬂa:ﬁafmeam_mrmfwmsframeChannel Switch Frane
Decodi ng

Sync Laver

[0077] The MediaFLO™ gystem can deliver at least three types of content; realtime,
non-realtime and 1P datacast (e.g., multicast, unicast, etc.). The Multicast device

network Interface (MDNI) for delivery of realtime service is shown in FIG. 4.

[0078]  FIG. 3 illustrates an exemplary relationship between sync layer messages
and real-time media stream output to/by a device 304 in a FLO network 302. An
exemplary FLO network 302 can support continuous realtime delivery of streaming
content to a device 304. Each stream can be delivered as a separate flow, and related
flows can be identified as belonging to a common service, or set of services, through the
use of system information. The network 302 additionally can provide data allowing the
devices to synchronize the real time media streams with each other and with the
presentation timing requirements of the content. The layer for combining media streams

and synchronization data is known as the sync layer 406,

[0079] The device 304 required to access a realtime service uses the system

information to locate the service. Afier processing the metadata related to the service,



[0073]FIG 10 illustrates a process 1000 for decoding a bitstream

wi th CSFs. The decodi ng process 1000 used for the I-slices as

speci fi edwaa0kasi3e 8 of the H 264/ AVC st andard can bepgseshobtosgegode
the channel switch frame (CSF) if an DR NAL unit is substituted with
an 1l-slice NAL unit (coded slice of NAL type 1), as generated by the
| -frame generator 908. The pictures in t'the requested channel wth

out put order (display) before the channel switch frane (CSF) can be
dropped. There is.na chan . h codi f futu et ur. (i
The’ Sense ofl<B iyt SsFiarRe bl biCrlRE SEhEhReaith F Sl WPk s,
not use anysdavict,ulieodevitke B4 catl gelikt the dgprofreftofley tinepleSheasceived etr@nc &he
frames. [0074]1n various confjgurations below flowhart blocks a
performed i Fimtngcmd i SPaHoOr R & ?het%%gléta%%%gessr%trifmst%ﬂbig RN IEh Py
may be perfg&qﬁgoaﬁmﬁﬁappraneously, in parallel, or in a different
order. [0075] Thus, the decoding process 1000 begins with bl ock 1002
where a bitstreamw th pictures are decoded. Block 1002 is foll owed
by bl ock 1004 where a determination is made whether a CSF is
detected. |p el dethgLdnation is "NO " then the WO

2008/ 061164 4727 15 bl ock 1004 | oops back to bl ock 1002
where furt hejpgecotid g4 ol Dk SRSt Ja Rt 2260 1508 1BIIHONE V&V ice
if the determ nation at block 1004 is "YES," then the CSF is decoded
accor di ng t withisea FLQ|niekveask 3R/ dhe raabtimaseryiietcap yake gpoeiohe servBppefdhe
1006 is fol blsac e t ] ' i

there are a?@*@?%@ ?égﬁbﬁa%ﬁgﬁ%@%ﬁéb?ghggﬁgﬁﬁg%ﬂ%g@g¥%ﬁ?ﬁ@g§%gggamﬁi
out put or deelso desctibed bletier Hicaatcbwst iof at ¥ES, totsmbdayepi dteumedia apdec layer

dr opped at ck, 1010. Bl ock 1010 is fall owned bl ock 1012. . However,
't The dot ePhF it Pivi B 2ot Fir ey WSE B Gk oBE mdBYRYES
fol | owed by sdakiog kf the pediooht lapdr9e60.1012, a determi nation is nade

whet her there are any picture of the requested channel after the CSF

iﬂ ngut Ollﬁm} | fThe Iﬁ&dé&%&é&lﬁf@ﬂb@@ﬂp&rﬁ ME&S?-"spécIﬁ&: cm;cdédsuﬂﬁﬁl *’eﬁf”mﬁ
t he Fin the outpu . or r are set as non-reference ranes at oC
1014. Bl ock thepeeps & tfw%'%é@afw- Hlprde 9o Sunndfind ssquence of fpedia frames to

determi nati g s‘yﬁ(l: ih?@aibgtlﬁ‘gﬁ REREK %@ﬂ%ehﬁ%e%ﬁ ‘Betidﬁn{?ﬁ&ﬂkydé]-%gentation

Bl ock 1014 al so | oops back to bl ock 1002 where normal decddi ng takes
pl ace. The How-tanp(Bhde Widneensmllybweeifies Bie timgghiviach e framerds & bby

f [ th - : i
orcing the g{/e@fdg%if ard &h ddg Ridi&f tg%n‘?{‘]gg g{h‘i TBentiB¥Ofhe lsré'ﬁétﬁfe &L)’%%% %fﬁ%@ frame

Medi aFLOTM Sys can Iver three type
real time, in the sequence of frames with a superframe. A video source codec may generate

multiple media frames with the same PTS and frame ID within a superframe.

[0082] For certain media types, notably video, the media codec layer 404 in the
network 302 also supplies metadata to the sync layer 406 which the sync layer 406 in
the device 304 may use to assist in acquiring and recovering the sequence of media

frames to be delivered to the media codec layer 404 in the device 304,

[0083]  The sync layer 406 is responsible for adapting the media frames as required
according to media type, and for providing media synchronization and presentation
timing. The sync layer 406 transports a sequence of sync layer packets. A sync layer
packet conveys either a media frame or an adaptation frame, as described below. A sync
layer packet conveying a media frame is formed by adding a sync header (SH) to the
media frame, The sync header (SH) consists of a media type, a common media header,

and a media specific header, as described in further detail below.

[0084] Additionally, the sync layer 406 may convey certain metadata specific to



non-realtinme and I P datacast (e.g., multicast, unicast, etc.). The
Mul ticast device network Interface (MDNI) for delivery of realtine
service i syehowniigy FIG 4. [0078]FIG 3 illustrates apcpxsnpl@iwe7

rel ati onshi p between sync | ayer nmessages and real -tinme nedia stream
output to/by a device 304 in a FLO net V\@rk 302. An exenplary FLO
networ k 302 can support continuous realtine delivery of stream ng
content to a device 304. Each stream can be delivered as a separate
flow, and r - f ' i.f ] AQ) N

Servi cor or CneRjd 4 TR TRyt 183 ATt 350 Wndidh, BredER e
The net wor ke3e&iand diatyibe madhldgd cathe gyrovicdder désmcaddieopachetstJeeomdke vyncdayet 0
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present at i oRAEFITY bree‘lif%? el E% acj)af’%%ﬂlé framsy E’ﬁ{‘fl G LS i IGp e syie
conbi ni ng negeR4cH ArRibiiteriafdd HEfedeh GRhe B érofhckiat doiveyikp oMddisdfahbeinsyec

| ayer 406. 16 such_as, for exanple, the tit|le and rating of the.
present at i offRUIGERIFGreRYPEsAS jadansHion e msars (dertitiadhy sgepplicatiaplD wuthe

sel ect the Rk &rend JPWeaB6 rRldy the received stream The timng
and the synchroni zation of the presentation of these streans can be

control I ed kypgshe ﬂ*‘i(@; 9L he Ff@.rf{iﬁ Piust?a(té’tag%rgét%vére%}hﬁl%‘irltﬂéfaﬁoﬁsﬂ%@%ﬁle@\

4 illustrates exenpl protocol layers ) for areal-time service
Wi thin a PLeYnedeyeopicksBand Themedialframiesracoseding toeceriain conkguratiams off 1@ hA

services of 4ih ranl I [ ri bed. h hn, stihe
ancr ypt 1 ons HB0Yp FERT Poo BVl s ay CERAELA Q0GR LD r B0 J TSI
consi st of agncllegs padkao5@uib-chayrsed off hewmedi examptiee phaaley oA Oddiaddniche

sync | ayer A real-ti , | ayer, 402 is sho Ln t igher
hyer s vect Ph S5 e o S GORNE gl <Prade, 68 TRtHe RGP COfEY 510
| ayer 404 suRROIstsS caRIpBrsRESME HeadeP ¢SS SoMi The 8y iG] (SEI? tshe istaRe
of this configuration. A nmedia codec supplies a sequence of nedia
frames to t HEcs{merongfer Theohraeropmangist eluke 2 pagdip Apai(M D Pafle? aHMBR

identified i i 1 . i ey -
specifies t tFq;)eédtﬁi }%Eé@%ﬁ% j(:ﬁﬁt %\%m?rnzér(rie%se&? g%)lgséde}t)\?}é@gr)l?gg’, 12%53%011 are

associ at ed flesarted ibdetahhetsinlgdaw.i fi es the rel ative position of the
frame in the sequence of fl-ames with a superfrane. A video source
codec may géH86ht e Imakant ef FEdi b, fan adeyationt franad 208 mescRIdSbetwderf mage

ID within a.supe anea 1l 0082]. For.. cetrt ai Hedia es, not abl i ,
e medli o SRRBEHOd A0l AR AiRlioRit A SosTE BleRedo RS S o Oh ALY skl 339
t o the synchhéayerwd@ompbricats. t Tiee syocothpyrents HFGyha hedder IV S Rkidemy

e to assist in acqujri nd recoverin equence of nedi a
?farres tzsi)gleﬂ’léllq’l??eﬁghg%@gat“aémﬁ’éﬂﬁt%{‘\é&&l@@%p‘lﬂgg ?134 in the dei/i ce

304. [0083] yn ayer, 406 i s responsi bl e for adaptin e di
franes as rlgﬁﬁfed%é%cgﬁdlwa% gty W@@lﬂ%w&%fwerm&?? é%%ﬂ?r@aﬁﬁ By
synchr oni zathQRePRtdider 1862 ThakyRNajdr Phéd@t 5INB coMPhsdda¥ Sy #iPof example, a
transports a sequence of sync Iag(/ier packets. A sync |ayer packet

conveys ei t ibialdy peaediafframes 564, HA, aaP0afiveralile mpth. JSewdggcpgopedia
bel ow. A sy r cket eyi; n;ggl% . fr i 0, d

addi ng a sy%% g%érﬁ?sﬁ ?%d)t eeeyrirgr; igo ra#g%ngTﬁggsye%%grhggggesr&zgn an
consi sts of adaptasivhehee§qpelAFY T@nmoln sxediple dfeBldir3B, samdadaptatiali fragpeltvfisc
header, as gr?sg d b%%geelnr}ngdlija[ ﬁet]rgfl:’s SC}Star% EB{P efh%vgfdaptation frame 574 is preceded by a

sync header (SH) 572.

Real Time Flow Configuration Options

[0088] For flows providing real time data the flow configuration options can be
configured as follows: 1) FASB ALLOWED denoted as not selected; 2)
CHECKSUM ACTIVE denoted as configurable; and 3



[ 0084] Additionally, the sync |ayer 406 nmay convey certain netadata
specific to 17 each nedia type. This netadata is conveyed in two
ways. Firswoasnaated, nedi a-specific extensions nay becrmstoodedsizn
the sync header of sync |ayer packets. Second, sync |ayer packets may
be used to convey adaptation franes mhig? are generated within the
sync | ayer 406 and interl eaved between sync | ayer packets conveying
nmedia franes in the sane flow Different types of adaptation franme

are identifi | [ ' EXQ der for the
applicationg?gg%éiﬁ?ggggﬁtﬁgﬁ-gAﬁgﬁng?%ﬁg% |EW%@$?ate alternative
exenpl ary rel ati onshi ps between sync | ayer packets and the nedia
frames acco iqg:to c%%%aLn Ponfig ations. FIG 5A illustrates a
first exenp gdltodoc and fraing laver T “encoded by encoder device 110.
The sync | ayfsopacket e fiQe | SrAOMIS Bl 10Xl oEXAMR! B eaming
plurality of nmedia tranes 504, ) and 15 of vari able eng{h.
Precedi ng eaahparedi, &.4. rddw, 50dic @6tcan dsdll Brt doairgenitay aor Cosdee Sqaptiahimg

sync header (S 502. .. The sync header (.S 502.i.ncl udes.t hr
S oneat o Dkl At Sl s BRGe ST Yo an PO eC CoBBRign of Spse. Fach
comon nedi grdeaaiecofbbldht R RNEorfepRIdiA S RGiafd EloRead eiullif¥SHhredditg

all of which are described in detail herein below [0086]1n exanple
of FIG B5A, CHRPYWAECat PosPveveddt se8ekkdlopnsert ed bet ween medi a frames
506 and 510. The adaptation frame 508 is preceded by a sync header

(SH) 512 half08§) t wo¥elbapsep@niosFICre aagb townplopys ipfenedad and fganpatied

(SH 512 in ' - tati AR
532. [0087] %’%g&%é&?'{?ﬁést ehE S&%%@%%%“%ﬁ%ﬁ%ﬁ? yﬁlidgﬁ%&%%%ﬁ?ﬁ%@tm
550 encoded thsyaremalddppreclateitbe eltd@libilityeofstha cohayperpresotied the®50 Video (e.g.
conprised o i f e a-plaral i of g fr .
5707 ana. sa6 3 ARG T 6 TR BidL Zhthy bl AR 3oty SREP 238 ey
and 580 thefext)s a correspondi ng sync header (SH) 560 and an

adapt ati on header (AH) 562. In exanple of FIG 5B, an adaptation
frame 574 i $009nfer taldplagbmiemciTsil e I adtRseymfOmeatadhtd BQocidtb® with the flow
adaptation frame 574 1s preceded by a sync header (SH) 572. Real Tine
Fl ow Conf i géfefOPdferehs ieurth eEt BBE f1 ows providing real time data
t he flom1configuration options.can be %pnfigured as follows: 1)

FASB_ALLCN\EIB}Q? hot ddie Faediptodse g tagg ¥ ek pupplies a sequence of media
ACTI VEdenot eglase std,1506! 8R), 868NF8) and 580 to the sync layer 406. In the device 304, the

sync layer 406 supplies a sequence of media frames (e.g. 504, 506 and 510) to the media
codec. The media frames (e.g. 504, 506 and 510) can be aligned to byte boundaries
when passed across the interface between the sync layer 406 and the media codec layer
404 in both the device 304 and the network 302.

[0093] The sync layer 406 in the network 302 adds sync layer headers (e.g. 502) to
the media frames (e.g. 504, 506 and 510) to create sync packets, interleaves them with
sync packets delivering adaptation frames 508, and delivers the resultant sync packets to
the framing layer 408 for transmission. Sync packets bearing video media frames may
be transmitted in either the base layer modulation component or the enhanced layer
modulation component, as specified by the video media codec layer 404. Other sync

packets can be transmitted in the base layer component.

[0094] The sync layer 406 in the device 304 delivers media frames (e.g. 504, 506
and 510) to the media codec layer 404 in increasing order of frame ID in each

superframe. The delivery order of video media frames is subject to certain additional



18 STREAM ENCRYPTI ON ACTI VE denoted as configurable. Media codec and
framng |ayer Interfaces [0089]A realtine service may consist of nore
t han one twpeo9bs1344r €eam ng conponent, e.g. video, audi pcaoshobgusinaised
for comentary or closed captioning, possibly in multiple |anguage
streans and even mnul tiple conbinations gf t hese Each stream ng
conponent can be conveyed in a separaté'fIOM/or mul tiple stream ng
components can be conveyed in a single flow [0090]Wth respect to
G o3t 2aCkkBfis 08 RO Rhel Sn R ROAGH BOLINARLEEH, BRRE SR LSl |
Three types ot ream ng cont are su owever ose S

in the art ﬁmmbﬁappre0|ate t he extendlblllty of t he concepts
presented herein: Video (e.g. H 264); Audio (e.g. HE-AAC version 2);
and/ or Ti mefdoPEt a (& ehaxiBePsiRSSE a meeid frhewt(}.g] SO ) aaipt 18 caindt eaited

508 or 574 onveyhﬁg ta associ at.ed Wﬂ&ﬂéghe flow are conS|dered
as a fourth"¥ohte'™Y 5%&1‘6 Wog] T ReCoReaable SYSHPb PHARE! s fng gg such
net wor K 302¢sURRbhASIrad HEEURRRS RbicRA R dfrRSi294, 506, 510, 564,
570, and 580 to the sync |ayer 406. In the device 304, the sync |ayer
406 suppl i efpgagseq %Qc&s&fptf@ﬁdb@o\mﬁﬁﬁﬁei Qh@ ad%a@ ionO8P RN deRk®) pdcRets
the nedia codec. The nedia franes (e. 6 and 510) can be

alh i gned tf) théle@)buﬂmmde%cqm@ﬁfoba@@éw a‘cqréls@ypﬁ@yprrﬁ%rfﬁva@éh et epe,
504 andt ho ¢ BRRAEe RS IR B IRC P USE: AP IR SON.0)

adds sync | ayer headers (e.g. 502) to the nedia franmes (e.g. 504, 506
and 510) toVideedfontentnc packets, interleaves themw th sync packets
del i vering adaptatlon franes 508, and delivers the resultant sync
packets to Naevork meiliagodesyeterfa@s for transni ssion. Sync packets

beari ng video nedia franes may be transmitted in either the base

| ayer nodul B998h cdifrenbamesoriay he gonpraied el angyed rthenpamingt ryep specified in
conponent, ggps @ega&!veﬁlebfy orkifg ﬁd&%ﬁ%@ alaﬁgg%ﬁhllnaaysﬁ%erﬁgl%e, & Nbause
sync packets can be transmtted Int ase fFayer conponent

[ 0094] The syondert dipar difl6ent notrbes id eviveded30 4lildatntvetes torddi retworanBer cach

g? dgr g? 4f ] gl%%grl? ndl ﬁllg% dil]occ;[dgg laggrd a8 (1dne 1cakea’[}§%c éy?lé laiygr Jid%c the gt%mgg of

media frames which it wishes to be presented to the user. Video frames consist of an

integral number of bytes. Therefore it is not necessary to provide byte alignment for a

media frame transporting a video frame.

[0098] The media codec layer 404 can present video frames to the sync layer 406 in
decode order. The media codec layer 404 can provide the following metadata to the
sync layer 406 with each video frame: 1) the PTS and frame 1D; 2) the Frame Rate
associated with the frame, identifying the instantaneous rate at which video frames are
to be presented to the user; 3) whether the frame is a Random Access Point (RAP),
which the device 304 may use to acquire the video stream; 4) whether the frame is a
reference frame; 5) whether the frame contains essential video information or additional
video information; and/or 6) whether the frame is intended for transmission in the base
layer component or the enhanced layer component. The criteria by which video
information 1s determined to be essential or additional are determined by the media

codec layer 404.

[0099] The value of the frame ID can be set to zero for the first video frame in the

superframe. It can either increment or remain the same for each subsequent video frame



superfranme. The delivery order of video nedia franes is subject to
certain additional W) 2008/ 061164PCT/ US2007/084727 19 constraints in
the case whebsmshbiecse 1S nore than one video nedi a franpewuthotdzgrsane
frame ID. [0095] The maxi mum size of a nmedia frame (e.g. 504, 506 and
510) can not exceed PMAX RT bytes, mheQ§ PMAX RT is a configurable
FLO system paraneter, and as such, can “De configured to facilitate a
variety of nedia frane sizes. [0096]The description bel ow specifies

t he adaptation sery |ce i

For transpoPtoaa bl SEHEF RS T PR st hF FERLR ERIFT e
medi a- speci piegentaitigriactidvarssoof the sync |layer 406 with the fram ng

| ayer 408. Video Content Network nedia codec interface [0097]Vi deo
frames may pmi1g@neTat aeiaty @ﬂfyanm‘s viitheh® Gifdfedmd B &S0 pligCinfetfaek ik Bubject
Tabl e 8, belom1 The nom nal frgarre r.at e .may &han ge, W

super f r ane, tthy soBREslTsHoNSoATER ST E PGS Rk él}ﬁm%w%@'g ?%Ygr HrReneralys

at differentnd 3t Borel AP REMREENPEKe orRSrc 2AEMa YRGS WAIBhe biife IREE 3D, it
codec layer 404 can indicate to the sync |ayer 406 the nunber of

medi a franesanhicsdit ithe RASHaame(® toethp siece yedtdtobelere the alternyfe feames.
frames_Consiabnfle Gl Phealk MO HIRELoRl: 104! 86 HBRIRTA0 Raliks kot ﬂmame
necessary to provide nnent medi & ransportlng a
vi deo franeﬁa@@ODSMﬁH@dﬁ&dnwyamdmrbvayéwu%64mem@‘@cé&enﬁduyﬁeomkﬁmhes
to the sync | aye ind code order. The di a.c 404 n
b ovi et he PO Rt FPeopgoiL ng e M i SR e bl 38
frame: 1) tﬁ&eﬂmﬁcanmy&ﬁ@ﬁ@oﬁ&ﬁ,Z) the Frane Rate associated with the
frame, identifying the instantaneous rate at which video franmes are
to be presented to the user; 3) whether the frame is a Random Access

Poi nt (RAP)}kﬂﬂhghﬂhﬂ%]gﬁymﬁ@ﬁﬁ@4 may use to acquire the video
stream 4) whether the frame is a reference frane; 5) whether the

frame cont al[mﬂoneqssemtels@hc Viyde a0é rhiolgfdipl 0B Phic pokdkietsi @nadyivg GRG0 frames
i nformati on; and/ or whet her the frane is intended for transm ssion

in the base?2fRydne é‘brﬁi@%hﬁhe@rﬂﬁ HemgnKishdadhs &9%r lageinpoHientnhangsd layer
criteria byc&g(ﬁgmyﬁgﬁggbﬂ£&&gﬁ$hggﬁb§Sé&ﬂﬁg@ﬂ ned to be essential or
y the

addi ti onal are determ ned ia codec | ayer 404.
[00102] The sync layer 406 can provide the sync packets for each group to the

framing layer 408 in increasing order of frame ID. Two sync packets with the same
frame 1D in the same component can be provided to the framing layer 408 in the order

they were received from the media codec layer 404.

Device framing laver Interface

[00103] The device 304 can recover sync packets transmitted from the base layer and
the enhanced layer components, and can recover the order in which they are to be

delivered across the device media codec interface by processing them together.

Device media codec interface

[00104] The sync layer 406 in the device 304 can present video media frames (e.g.
504, 506 and 510) to the media codec layer 404 in decode order, as determined from the
frame 1D, subject to the additional recommendations (all or some of which may be

eliminated for alternate configurations). A first recommendation is that if the sync layer



WO 2008/ 061164PCT/ US2007/ 084727 20 presented to the sync |ayer 406,
up to and including the nunber of nedia frames to be presented by the

devi ce 304y daf}dddds The delivery of frames with the saperisaimsiiy
across the interface is subject to the sone restrictions. A first

restriction is that if the nedia codec Iayer 404 generates one or
more RAP frames and one or nore alterndte frames with the same frame
ID, it can present the RAP frarre(s) to the sync | ayer 406 before the

alternate f cond strlc i hat . > nmedia, c

Mayer 404 T Tons Vi PR EEnE o b ROR B AR (RAP BRI EhRLRE frore
only in thenderaP @imé(s)dﬁ@h qhtabdohey frainbeaDl, aénqoral oft yvd eaititicd@ rard Gurther
transmtted in the base | ayer, conponent and the hj g)hNeqt#al ity fra

can be tran&etdd T secondHion(BY thefist recgmpsResion) Nefiol ﬁher %Yé‘ﬁ]r{?%@r

llayer |nteri@gs 1{099&%1%1 -trﬂéevﬁéb”&re!nﬁ)/ﬁrcarf"@@v%ﬁﬁew Pranf2€ac8dtd the media
packets conveying vid frames according to whether they are

transmi tt edcddge tlrn@rf@aiMqlhweﬂ ce dtsmdéhmmBaPlfms)c@kmm{the BRrehd
group can bg progG %1%@1(%{18 eacﬁ didke QIR AP @?arg oo} Ja%gﬁvem FRARAP

provide the sync fjac group to the framng [ayer

i ncreasi ng feades) mfrosfsltlmmed@codﬁmmnts&m (Mdkas sppabfrimtd. h"éhfs&ﬁﬁ F&ammBajr D
in the sang, co nent can be provided to the framng |ayer 408 in the
order they We?ggﬁecei ved fromthe nedia codec | ayer 404. Device
framng | av terface [00103 he devi ce. 304 cap recover c .
packets 11 afoabdl cdl FeEeed FramibadiPny e e e e i SRS o video
conmponent s, madid faids el Q¥e@ficd] BencOhfe heddBrsWRHS; it dah@yh@‘i* thetfanRreceived in
delivered across the device nedia codec interface by processing them

toget her. DEisebantediieycrcladbe medipspdecclayyrddtgng disrd é%%am%gﬁé?“’%b@ R
t he device §%1§@p present video nedia franes (e.g. 504, 506 and 510)
to the nmedi a codec | ayer 404 in decode order, as determ ned fromthe

franme 1D, s It?]t t0thl N Ge @Rt ddRRA is rt@mmﬁe%?é 159&%06%160% ﬁ@&emeéla
?OI‘

whi ch may b | m nat e alternate contigurations).
r ecommendat fr@me wethtdamtlaifwdd@em@mndnam a sezmndfml@e@lewl@tfgim wutld@@ same

medi a f ramey \M t ﬁ@ﬁomal vgdeo mf {-mI%A I%r m%id t1o’ﬁl£1 8{1‘1%01% arg% 1?31dered

non- RAP frarre s) WI i
are furt her rethalfivatedlitiobhd tlfm thﬁ*ti renommchmm,(zf drc mchlea dddestayer 404 does not

recommendation) is that the syn Ia er 406 has not acquired the
U a0 ot r aaPRPE Peogie i ¢ iOR e PR R POSRnY et b Qi
interface (Mdkd meadrfdad @GXMrdhd DRed ARIBARMY QIR ¢S patialt 1886 Wsena(ibhe
second condition), the sync |ayer 406 can discard the RAP Frane and

can del i ver 1a the niegi RARE Fayemifds In dkg ssend wadivenioh theghisg recamaiendaion, if
(M), as apRreprdofiifion Set RAL 1l SHB 147BY408& a8 dSiRfer both video media frames to

the media codec layer 404,

[00107] FIG. 16 illustrates a flowchart of a process 1600 for sync layer 406 to media
codec layer 404 processing at a device 304. The process 1600 begins with block 1602
where video media frames are presented from the sync layer 406 to the media codec
layer 404 in decode order based on the frame ID number. Block 1602 is followed by
block 1604 where a determination is made whether there are two back-to-back frames
with the same frame ID number and which one frame is a RAP frame (e.g. CSF) and the
other is a non-RAP frame. If the determination is “NO,” the block 1604 loops back to
block 1602. However, if the determination is “YES,” then block 1604 is followed by
block 1606 where a determination is made whether the sync layer 406 has acquired the
video strcam. If the determination is “YES,” then block 1606 is followed by block 1608
where the RAP frame is discarded and the non-RAP frames is delivered to the MCI as



[ 00105] A second recommendation is that if the sync |ayer 406 detects
two video nedia frames with identical sync | ayer headers (SH), it can
del i ver t keobdogoaissecei ved in the enhanced | ayer to thecwestoarasetiec

| ayer 404 and discard the frame received in the base |layer. [00106] A
third recommendation is that if the sy:@tlayer 406 detects a video
media frane with essential video infor ion, and a second video
nmedia frane with the sane franme I D and additional video information.
Two additio i ie e I h t f
o aqdi rg@lro ndé“hgnrb%tel AhfRafANR %@% ‘Ehe lodk 1%0% b'id jlo%gﬁ'%kz b‘lci%ﬂ 1®fio
support proeéssitingR AP fiacdiit senntaltha/Mdﬁand r]nkmmerARﬁnametshedlsgandEdl ayer
406 can discard that video nedia frame and deliver the video nedia
frame with Emsl&s]ti G Vi tidlosttandsamnaampio of @ bttktﬁeamemoa gemadﬁed bayemetatk

In the seco Qn on,of the third re m*rendat i h
Lonar i one a0k SRR hick 0 Site s hBaRAI Aunpoer D5 HepeHBe HAds a
frames to tggiRPd that HbeG drdy@kcrfd in A FHGG5A168 dy I“Jaya;tfre@mﬁeathe

fl omchart of a process 1600 for psl%nc | ayer 406 to nedi a codec ayer

404 processiigiaaftane d&¥A beludeva Priiemplbclos ¢ dheorr! wepnter byiGHr BN c he
1602 where di-R4 i 9 r Qhd REasYREN h ek Rk
to the nedi éﬂl g%g{aa(q:% aﬂer1 Lﬂgﬂi%%@e}%o%ez%%ﬁlgg?r&b%&d on t(?le)frameS %l r
nunber. Bl omdh&mhesdefr&ﬂ)ﬂﬁéwr@yowlydbkcrﬁ)@@4 where a deterninati on is
made whether there are two back-to-back franes with the sane frane ID
number and {169 orimth‘is evmeples a&umAlﬂlaﬁlaﬁﬁéT l(aebgcn i@8FEEd aneffacheteot ¢henndls
anon-RAPfr th natj o e _blo 604 |

back to bl o€ nﬁ%(ﬁc}l \(/%\(/)e\c;"?r %%Eﬁk ﬁ;he &es equrﬁe Igf;?nt([)ertzlljllj e@Engamg h178§

bl ock 1604 imshided & opedhehier b‘?.ED)ClWO&GWﬁe CRE isea RAH €itagienihd &t bmrelaSCMHdE'QO

whet her thesncl er 406 has acquired the video streadBP }
det erm nat i 3 .asfra eﬂfl fRten Bymbar Teodlustetive progiss tgidon Hypgwith

where the RAP chr@dﬁSndLﬁ &irs gadhded fan@wﬁlgeh@mp%{%dfar 24Rs 17e)det i pkgid
to the MCI as WD 2008/ 061164PCT/ US2007/ 084727 22 appropriate. |f the
det er mi nat i éqﬁmﬁslﬂm 2 designated] as @knonadsP ifisneaind dveigetsipd By sere hader (SH)
where the 108 Mot L8 7PPa 1?’%@ A0RE. e CSF
di scar ded. R?g b St?e%htﬁolghs'?cfﬁ%t es eggﬂ)esxargrpae of a l{)l{ot st rean{i} 1700
gener at ed bymttrhie t ewmdr khadods wcthmba@karmd OHeRSa e Thredfivetuate the channel

identificatipn n The StIe i r to that :
and descr | bedER Ferad Raed T B ERME (B nl Rupl Cbin ke {Et Z8F YR
f [1 ame 5704]: Iarff}ﬂmtdlﬁsmaicﬁh(fﬂ auEbef h)hlcfhols thee sjh&msehe ﬁangt;@dté?gauﬁlﬁnagbbr in
The nmedia frane 1 ng es. a eader 1702. nc header
(SH 1702 |§Y%vﬁ?%%?3@bryﬁg' %Ggﬁgﬁﬁg?%Pgﬂﬂ%ggé previously

descri bed 00109] .In S exa hat F has heen

i nsert ed to[l%ﬂf 148 Li%hpem i3 {Hel 7 lewa?f‘@ﬁ Yé:%edfdo eﬁﬂséébﬁ@wﬁé acEme

i s representethcpy7EdiR hdd@ Bankd VB @rﬂéjy beBUHRS. o &y[gﬁ heRdge BlRide is
1706. The CSF is a RAP frame and will 'have a CVH 1 with a frame

i denti fi cat beferntbieBeramerdience. thpsiBfamevedipiardsdsedropasd @aapt@tlObn frane
with its corresponding SHis shown followi ng the CSF (nedia frane
1708). The n@Hildl f darrelatign o the deseiwsiogmaeededain HGidA. RsPmediafemgntd 0t s

P ames 1700 "5 PE Bt M othel Balen AR in e, he

channel s su cffanasl 794) cahlhanweele a@lai—rﬁ’ﬁt%hbc ffonefor e videattentchie ahiamobdnnel. The

change, the 1712 is_a P- nd has,a in
hoador 1710 St EAF 704 et 59 Lk POR B TAAP O GhEEoEh A
the frame i dﬁﬂéﬂhfalles‘s@'fotlﬁﬂ TiAP6S clifingtiiC a hewigte frafiShond §Q0ing s 4 Reerbidle
(media frame 1708). [00110] The nedia frame 1712 is foll owed by nedi a
frame 1716 KBUCFLhe8SfAc header 1714. The nedia frame 1716 may be a

B-frane. In output order, the B-frane is before the P-frame. Hence,
the B-frame is discarded or dropped (See FIG 10). [00111] In



Net wor k medi a codec interface [00112] Audio franes are generated at
a fixed rate according to the type of audio codec in use. However,

t he audi ov¢ amwBodiadse May not be an integral nultiple opctbeonro84727
superfranme rate. For each superfrane, the nmedia codec | ayer 404 can
indicate to the sync |ayer 406 the nug&gr of nedia franmes which it

wi shes to be presented. [00113] A fra | D can be associated with
each audio frane presented to the sync | ayer 406. The frame I D may be

assi gned by %iit h@r tt L]e nmedi a codec | ayer 404 or the sync |ayer 406.
The val ue o I D can be set to zero for the first audio

frame in thﬁ Rv%r%rglargedec'mgrfgcael ue can increnent for each subsequent

audi o frame nc | ayer 406, up to and including the

m i i o f ' 4
toai s codectitaiz " ATHR hepRC R EREAEE S Bt Sl B g el G S i
t he sync | ayelec 40 Gis¢. rHdveen rthke nudid dpmarretegeme natt ledan Anegraldnoltipleasfethe
i st_of -int bytes. Th ' d
204 can’ achPBVEPEY B PG AE P HOEBP GG PHEC TRARADD SELMerels Poye
the type of s@audiyer 40506 nhfb&tSE mellQGhhR) whith in®RRlhe t6 06 p@sdnddder 404 can

provi de netadata to the sync |ayer 406 in association with each audio

frame. The ymuasiat & friGk WO0QSEN de fab@dbRtel BVith &achtaullis fe& BBRB Yo iResync
nmedi a codec | ayer 404. Whether the frane is a RAP frame [00116

Whet her t helaypadRd. dondamedDesar ke patignsd &y Sither e mediaotedet laaerat ¢4 Inar
audi 0 i nf or WAL, 4JASHENRELE B YTE B AL Qo LBEABIRE KRR alGo frame
det er m ned %b%&sg‘gnthl%gk olrb aafﬁé{]?@gna "are t38tzerof1}15ne_d 1gs@yat<§g nedi a
codec | ayer th4Gaperfdemewolte ahmrman gndrenyent farreadr fubseupaoudip] fr@ynpregsatelde s
cont ai ni ng audi [ Ny L.t LN hei.gg ti,on
conponent dﬁlreéqg?ce%y%;%t% h'g[@{rgr)ﬁaL I a{&é@%ﬁe@hleé@/%}) eréfbtt e eglgésgbloc?%fprr%sﬁ%tgd by
recei ved w theidevieadtv.nodul ati on conponent can be presented to the
framng | ayer 408 in the order they are generated. 24 Device fram ng

| ayer | nter {tded]] 0Thi YjedEherdsy ged 404eih tHOBetivarkt 302 de\prasent3dioCadines to

process sync¢ packets in.the order they are received across the
fram ng |ay§1“m l6y 408 n e ot M areeeeetied At Tae B0 §ans)st ghpenon-

sync | ayer et fubdde GEWykS. 304 i RE&ICAYerali® Quf LaiBR bRellighment
medi a codec | ayer 404 in the order they are extracted fromthe sync
packet s. according to the means specified for the type of audio codec in use.

[00115] The media codec layer 404 can provide metadata to the sync layer 406 in
association with each audio frame. The metadata includes a frame ID, if it is assigned

by the media codec layer 404.

Whether the frame is a RAP frame

[00116] Whether the frame contains essential audio information or additional audio
information. The criteria by which audio information is determined to be essential or

additional are determined by the media codec layer 404.

Network framing layer Interface

[00117] Sync packets containing audio frames can be transmitted in the modulation
component directed by the media codec layer 404. The audio frames received within
each modulation component can be presented to the framing layer 408 in the order they

are generated.



Ti med Data Content Network media codec interface [00120]Ti ned Data
frames are generated at a variable rate. Typically, but not

necessari lwe 2008861864 S at nost one Tined Data frame perpgppeiobn@irRri n
a Timed Data flow, as best seen in FIG 3. [00121] A frane ID can be
associ ated with each tined data frame p esent ed to the sync |ayer
406. The frame I D nmay be assi gned by ei *her the media codec | ayer 404
or the sync |l ayer 406. The value of the frane ID can be set to zero
for the first timed data frane in the superframe. The val ue can

i ncrenent for each subsequent tinmed data frame presented to the sync

| ayer, up tg andE| ncl Lfdl ngtt Ee nunber of nedia franes to be presented
by the devi Vi a codec | ayer 404 in the network can
present Ti ta.-franes 406 in the or
enorat ed. Y oara TS Hn BENEPHBE 4 RrorSe i R ATt i bat
byt es. Byt Eft&ylagﬂﬁﬁi‘l\ted(hax@sé)@e&@ﬂlhr%\lleﬁbr&ﬁaﬁcél ng to the neans
specified for the type of tinmed data in use. The netadata provi ded by
the nmedi a copdeice ay@iod4nt@adeche sync | ayer 406 in association with
each timed data franme, if any, is dependent on type of data Network
fram ng | aygro1ksit enﬁla@ﬁlc[laﬁblmls irS;mcdepiae Bet Sanqﬂr&te&i nidigfrirmesed thikainadia
frames can be trans tted in nodul atl 8% onent directed by the
medi a codec “PUEy&Yely ‘“Wé’r’fl?r a&%ﬁxémf“'tfeg ne packets.
2008/ 061164PCT/ US2007/ 084727 25 received wt h| n each nodul ati on
conponent can be presented to the framng layer in the order they are
generated. Device fram ng |ayer Interface [00124] The sync | ayer 406
in the devi qemedDaty OGfiet Sync packets in the order they are received
across the fram ng Tayer interface. Device nedia codec interface
Network media codec interface

[00120] Timed Data frames are generated at a variable rate. Typically, but not
necessarily, there is at most one Timed Data frame per superframe in a Timed Data

flow, as best seen in FIG. 3.

[00121] A frame ID can be associated with each timed data frame presented to the
sync layer 406, The frame ID may be assigned by either the media codec layer 404 or
the sync layer 406. The value of the frame ID can be sct to zero for the first timed data
frame in the superframe. The value can increment for each subsequent timed data frame
presented to the sync layer, up to and including the number of media frames to be

presented by the device.

[060122] The media codec layer 404 in the network can present Timed Data frames to
the sync layer 406 in the order they are generated. Timed Data frames may consist of a
non-integer number of bytes. Byte-alignment can be achieved according to the means
specified for the type of timed data in use. The metadata provided by the media codec
layer 404 to the sync layer 406 in association with each timed data frame, if any, is

dependent on type of data.

Network framing layer Interface

[00123] Sync packets containing timed data frames can be transmitted in the

modulation component directed by the media codec layer 404. The timed data frames



[ 00125] The sync layer 406 in the device can present tined data
frames to the media codec | ayer 404 in the order they are extracted
fromthe sywmeganakats. Sync | ayer Acquisition [00126] #dfass@oe7/084727
illustrates an exenplary state nachi ne 600 for processing the sync

| ayer 406 for an individual flowin theépdevi ce according to certain
configurations. The state machi ne 600 itlustrates the transitions

bet ween each state and the processi ng undertaken in each state.
Acquiring Stat. e 127] . The, devi 0 CH in t

506 1 any SOTHCTRUN i g e e nepaiteEan vEp bl S, B Bihisk e b
si gnal denobxedrtbyyﬁﬁgene.?a)tecr ecei pt of an indication fromthe fram ng

| ayer 408 that the flow ID has changed, denoted by 612; 3) |oss of a
FLO signal, denoted by 610, when in the Acquired State 614; 4)
detection of a nedia frame with errors, also denoted by 610, while in
the Acqui r epetafrenbi4ivebInt@fac®r s nmay be signal ed by the fram ng

| ayer 408 or detected by the cyclical redundancy check (CRC), if CRC
processi ng [@1z4)nf iTgbIEﬁd layddd0§ irnthaldeyice whreprocansibPatitetnia thsorder they
recei ved, denoted 604 éhe Acqui r| ng state 606 nay be entered.
[00128] | n PRECEHS a‘HPSS\Fh%I ghing e’d%‘\ﬁ €°304 may use information
provi ded by the Video sync |layer Directory, if available, to

determ ne the nature of the nedia franmes affected by the error. The
devi ce 304 may be abI eto determ ne that error recovery procedures
are possi bl g 1g13%g the Acquiring State 614. 26 Acquired
State [00129 e| pt of a RAP frame, denoted. b t hat n
in error, HJ@ a@v e@m lzver, 4@ rete dREcopag U ssE t@@é@wﬁf:{%nes-ﬁﬂéhe e
Acqui r ed St dRe !azcxeéfﬁtleiﬁﬁii dMB%'ﬁlchbré &M@ bR thd $yndBh@elsed, denoted by
616 when in the Acquired State [00130] Wiil'e in the Acquiring
State 614, the device 304 can process medi a franes provided by the
fram ng | ayer 408. Valid nmedia franmes can be delivered to the nedia
codec | ayer 404. Sync header (SH) [001311FIG 11 illustrates a sync
header genef¥RJAYerAUISILINY ot | ng sync header 1100. The sync header

generator 1110 includes a nedia field type generator 1130 which
generat es it 36]t y FEC o diisirateh an ﬁé‘?ﬂ?ﬁmﬂ’)ﬁﬁé@ awgiaae 4PQ faarpesstiag theopne

i nserting i pythend QF g@ﬁnd%d&alpﬁomaqhéﬂ@@%racé&% A dertde l:Mﬁ‘%u&aoﬁsorrhe
vi deo at bl ock 1132, 01 for audio 1134, 10 for gl med data at bl ock
1136 and 11%tatgrma@mm 680 dhusiates Hsc Kansitions bTivecen yaaeh [f@tdend generoedseing
1110 al so Iﬂ&ieﬁgf% % c%](%ga[él onal fields generator 1150. The sync

1

header generator al'so generates the adaptation type (AT), as

shown in FI A gt¥1tthe adaptati on type generator 1160 shown in FIG
12B. [00132% header 1100 consists of a nedia type field 1102

ol pned oY LT 403\aclibe e bl URe A0S B ' BRERTSn OB RSONALE

of the medi e field generate ener
1130. The adualéwnsomads: fli) elcgissigenerf ah@IFLﬂLsx(gnalsdesuthrby 0% | B3. retdpt of an

indication from the framing layer 408 that the flow ID has changed, denoted by 612; 3)

loss of a FLO signal, denoted by 610, when in the Acquired State 614; 4) detection of a
media frame with errors, also denoted by 610, while in the Acquired State 614; 5) errors
may be signaled by the framing layer 408 or detected by the cyclical redundancy check
(CRQC), if CRC processing is configured. Additionally, when non-RAP frame is
received, denoted by 604, the Acquiring state 606 may be entered.

[00128] In the case of video, the device 304 may use information provided by the
Video sync layer Directory, if available, to determine the nature of the media frames
affected by the error. The device 304 may be able to determine that error recovery

procedures are possible without reentering the Acquiring State 614,



[ 00133] The general format of the sync header 1100 is shown in Table
2. The Tables include a field nane, a field type, and a field

presence. wiheogh@hsl presence woul d indicate whether thect/iuglofhiissr2r
mandat ory, conditional, etc. The field type indicates whether the

field is a U NT, Varlable, Bits, etc. Tgble 2: General Format of sync
| ayer Header Field NaneField TypeFi el d Presence MEDI A TYPE (1102)
Ul NT(2) MANDATORY Addi tional Fields (1104) Variabl eMANDATORY 27 MEDI A

TYPE [00134!; Thedﬁ@é A TYPE field 1102 identifies the type of nedia
frame carri sync | ayer packet, or that the sync | ayer packet

I's carrying da ation The d I Y;

are listed [@?%%b g}%ecef%bq ealggp Igélfneh ed“’ Q%Jeés/(%f gﬁl\%é%%}i‘hw nl Hebice

NanmeVal ue VBORECHOerddBhOBLquit NESRUDATAL ThADATAI] Sfelis entered when no frame
error is detected, denoted by 616 when in the Acquired State 614.

[00130] While in the Acquiring State 614, the device 304 can process media frames
provided by the framing layer 408. Valid media frames can be delivered to the media
codec layer 404.

Sync header (SH)

[00131] FIG. 11 illustrates a sync header generator 1110 generating sync header
1100. The sync header generator 1110 includes a media field type generator 1130
which generates media-type codes. The media-type codes are extracted for inserting in
the format of the sync header 1100 and include 00 for video at block 1132, 01 for audio
1134, 10 for timed data at block 1136 and 11 for adaptation at block 1140. The sync
header generator 1110 also includes an additional fields generator 1150. The sync
header generator 1110 also generates the adaptation type (AT), as shown in FIG. 5A, by
the adaptation type generator 1160 shown in FIG. 12B.

[00132] The sync header 1100 consists of a media type field 1102 followed by
additional fields 1104 whose format depends on the value of the media type field

generated by the media field type generator 1130. The additional fields generator 1150
is shown in FIG. 12A.

[00133] The general format of the sync header 1100 is shown in Table 2. The Tables
include a field name, a field type, and a field presence. The field presence would
indicate whether the field is mandatory, conditional, etc. The field type indicates
whether the field is a UINT, Variable, Bits, etc.

Table 2: General Format of sync layer Header

Field Name Field Type Field Presence
MEDIA_TYPE (1102)  UINT(2) MANDATORY
Additional Fields (1104)  Variable MANDATORY



Additional Fields [00135]FIG 12A illustrates an additional fields
generator 1150 of the sync header generator 1110. The additi onal
fields gernenadensiidsS0 | ncl udes a conmon nedi a header asseabloeresi20
and a nedi a-specific header assenbler 1202. [00136] The format of the
additional fields 1104 depends on the value of the nmedia type field
1102. The common nedi a header assenbl er"'1200 assenbles the CvH (FI G
5A) in accordance with the details in Table 4. The nedi a-specific
header assenbl er 1202 assenbles the MSH (FIG 5A) in accordance with
the details in Table 4. The general format of header fields for sync

packet s tra&ggg&%igggégdeo, audio or tinmed data nedia frames i s shown
in Table 4. X neral Format of Additional Fields for sync

Common Ned: U8 sodr MOPRANER B RGBS LR e EhERE P B by
28 Fi el d NatteRiyed dydympeitairdhdPtiesyne byMauicket Speciyingen adaptation frame. The
For syne. padRaid Era oI Ry TR el A eBeat *f o shown ©n Table 5.

FIG 12B illustrates an adaptation type generator 1160 of the sync
header generator 1110. Table 5: CGeneral Format of Additional Fields
for sync | ayer Header for adaptation franes

Table 3: Defined values for MEDIA_TYPE

Name Value

VIDEO 00

AUDIO 01

TIMED DATA 10

ADAPTATION 11
Additional Ficlds

[00135] FIG. 12A illustrates an additional fields generator 1150 of the sync header
generator 1110, The additional ficlds generator 1150 includes a common media header

assembler 1200 and a media-specific header assembler 1202,

[00136] The format of the additional fields 1104 depends on the value of the media
type field 1102. The common media header assembler 1200 assembles the CMH (FIG.
5A) in accordance with the details in Table 4. The media-specific header assembler
1202 assembles the MSH (FIG. 5A) in accordance with the details in Tabie 4. The
general format of header fields for sync packets transporting video, audio or timed data

media frames is shown in Table 4.

Table 4: General Format of Additional Fields for sync layer Header for media frames

Field Name Field Type Field Presence
Common Media Header BIT(22) MANDATORY



Fi el d NanmeFi el d TypeFi el d Presence ADAPTATI ON TYPEUI NT( 6) MANDATORY
Common Medi a Header [00138] FIG 13A illustrates a nedia common
header assgpbdoens1l®00. The CWVH assenbl er 1200 i ncl udesypar/Bdo7/084727
generator 1302, a frane_id generator 1304, an informationievelflag_
generator 1306 and a RAPflag generator ,1308. The format of the conmon
medi a header (CWVH) for sync | ayer packets carrying nedia franmes is
shown in Table 6.. The common nedi a header (CMH) provides various

i nformation. The C'\fHalh tlonlnclulg{ tIrTEFI M., 30 nd nedi a
frame ID |nforrrat|c,]\rélé 3 8E?€ gm Acces ardb S |n Dgﬁgﬁ} uous
stream of data. ThiGeLGpBeTis Filsi d ac U|sfi|on o  deo and
Ti med Text streanms. The CI\/H i nformation aI so i ncludes 3)

non-ref erence fra i ndi catj ons These w nmedia frames to b
dr opped wi t ﬁé@gﬁ%ﬁ' flPWM&@F peadpr ﬁ?ﬁ @ﬁgwrmg@( Eﬂ@POfria%ﬁgdptdtwn

For war d) . T%m% dhBaniatbhien. &l o 2pthiees ﬁbadaptﬁﬁtﬁi !ybé/ g!:r%l/a%r 1160 of

i ndi cator. [001391 The format of the Common Medi a Header generated by
t he conmon Mhsdiac hradereeneigieehbliler 1200 is shown in Table 6. Table 6:
Format of the Conmbn Medi a Header Field Nane FieldField Presence
Type 29

Table 5: General Format of Additional Fields for sync layer Header for adaptation

frames
Field Name Field Type Field Presence
ADAPTATION TYPE UINT(6) MANDATORY

Common Media Header

[00138]) FI1G. 13A illustrates 2 media common header assembler 1200. The CMH
assembler 1200 includes a PTS generator 1302, a frame id generator 1304, an
information_level flag generator 1306 and a RAP_flag generator 1308. The format of
the common media header (CMH) for sync layer packets carrying media frames is
shown in Table 6.. The common media header (CMH) provides various information.
The CMH information includes 1) time stamp and media frame ID information; 2)
Random Access Points in the continuous stream of data. This supports rapid acquisition
of Audio, Video and Timed Text streams. The CMH information also includes 3) non-
reference frame indications. These allow media frames to be dropped without
processing in certain circumstances (e.g. Fast Forward). The CMH information also

includes 4) a quality level indicator.

[00139] The format of the Common Media Header generated by the common media

header assembler 1200 is shown in Table 6.

Table 6: Format of the Common Media Header

Field Name Field Field Presence
Type



Fi el d NameFi el dFi el d Presence Type PTSU NT(14) MANDATORY FRAME | DUl NT
(6) MANDATORY | NFORMATI ON LEVEL FLAG BI T( 1) MANDATORY RAP

FLAGBI T( 1 \bogdéddé [ 00140] The individual fields of tper/Gitdoaisera7
defined bel ow. PTS [00141] The PTS field is the Presentation Tine
Stanp of the nmedia frame and i s generat egd by the PTS generator 1302.
This field is specified in units of m 19 seconds. The PTS field is
added to the superfrane Tine to get the actual tine at which the

nmedia frane is toFli)eef RLggent ed. FRAME ID 393‘42] The FRAME. |1 D is the
nunber of the nedia ?rarre within the superffanme and i's generated by

the frame_id genergtor 1304. The nunber |§3: %t 4é° 2 first
media frame wthi § rﬁ Z{ﬁoerf rame and i ncr ]% d %ubsequent
media frame that Ra<GEdY s erent valuefOtLﬁﬁ IS, | ON LEVEL
FLAG [ 00143] The INECRMEYIGNIEVEL ELAS i SILi ¢ (HANRNEPREt es

whet her the nedi a ¥4afeAConveys essenti al BlhEor nat MGAR4FORKe nedi a
frame or additional information that may be conbined with essenti al

i nformation. The | NFORMATI ON LEVEL FLAG i s generated by the

i nf or mat i on[E\é0If | dhe guliadun Heldg 80Be CHH? agalelinest istow. 306 woul d
generate the | NFORVATI ON_LEVEL_FLAG according to the foll ow ng
conditions. PIE the nedia frane conveys essential information
(condition 1), the | NFORVATI ON LEVEL FLAG can be set to 0. If the
medi a frane[Wdalley Shaddis fiddds thpuBiesaniation It tStamp 2F thet edia frame and is

| NFORMATI ON t - S i A
upport an BB TTLRGHS HEDBARTan 18, Ly (i BepEaL Gy AR s 4AfRedRls
| NFORMATI ONTh&VER fiFldAGadiizd tdthe seperfram®Tamdtotghetht hethd timserat lndiidhghomedia

by the devi ¢e. RAES FLAG [00144] The RAP FLAG signal s whether the
medi a frane PS4 PLREEHT U ess poi nt

FRAME 1D

2

[t

[00142) The FRAME ID is the number of the media frame within the superframe
and is generated by the frame id generator 1304. The number is set to 0 for the first
media frame within the superframe and incremented for each subsequent media frame

that has a different value for the PTS.

INFORMATION LEVEL FLAG

[00143] The INFORMATION LEVEL FLAG is a bit that indicates whether the
media frame conveys essential information for the media frame or additional
information that may Dbe combined with essential information. The
INFORMATION LEVEL FLAG is generated by the information_level flag generator
1306. The generator 1306 would generate the INFORMATION_LEVEL FLAG
according to the following conditions. If the media frame conveys essential information
(condition 1), the INFORMATION_LEVEL_FLAG can be set to 0. If the media frame
conveys additional quality (condition 2), the INFORMATION LEVEL FLAG can be
set to 1. If the media codec does not support an additional information level (condition
3), the INFORMATION LEVEL _FLAG can be set to 0 and the field can be ignored by

the device.
RAP FLAG

[00144] The RAP FLAG signals whether the media frame is a random access point



30 and are generated by the RAP flag generator 1308. The device 304
may use the RAP FLAG during reacquisition or channel switching to
det er m ne whedok®é1164 can begin to access the nedi a streamusiobhiostters
media frane. The RAP flag generator 1308 will generate a RAP_FLAG
according to various conditions. If (foy, condition 1) the MEDI A TYPE
is set to VIDEO or AUDIO, and if the rrec?a frame is a random access
point, the RAP FLAG can be set to 1. If (for condition 2) the

MEDI A TYPE t
random access p0| ﬁé&raY%?DggAP FLAGh%ﬁ%Béejmﬂg;etlg?% —gi%dﬂgyh%e][ g?aegt‘)a dll&gl t(})lﬁ
3) the MEDI RAPYPEAGsdwatg teecdhisiED DATHnn¢iheviRhARgRoAfStoamebwhetber it gan
on all mnedi

r di a S ecifi aders 001 Fl 13B
i |lustrat esgggurlrgod?cﬁesg %/Igcrlnf:ﬁha eeag}j"é’%h 485l Fer (4)@1: Rﬁ%’Gﬂ&g generator 1308

nmedi a- speci hillt ghersen KABHLAG sedwbdisg tol 2duasseditibss If ifor bowdindis 1)othe

t he nedi a s f ad ket
o & 1 an STy St YEQ Sy raTonbd b et BRGneG & riairoactdhs
video, tine oﬂﬁtﬂ@e RAE @AdeQtat boRet td eIV casfsdheihe MIGNA NYIPERAS Setdo

frane rate g/enerat or 1322, an unreferenced_frame_flag genérator 1324
and a reser YARED; er ARl andoif g2ectior fr@mﬁéénra)ttw@de@sﬁwﬁ @elint. ofhe

video. Vi deg J0RLAG] cJt_rh%en%g't?r(qu?' (ﬂﬁﬂgﬁr%)( %F%Egﬁﬁezgpﬁ is e?rto

packets carrying video ne anes vi d

fotwat of tAEMYDIBA TV dicRARATXG can bgwtilofll @kli mediafihmes7. Tabl e 7.

Vi deo Medi a Header Field NaneFi el dFi el d Presence Type FRAME

RATEUI NT( 3) MAANERRORY. HEWREFERENCED FRAVE FLAG BI T( 1) MANDATORY
RESERVEDUI NT(4) MANDATORY [00147] The individual fields of the Video
Medi a Headel{0HAB] ddiiGn&B bibistetes FRAME-RATIEC header assembler 1202, The media-

specific header (MSH) assembler 1202 assembles the formats of the media-specific
header (FIG. 5A) for sync layer packets carrying media frames, according to media
type. The media types are audio, video, timed data and adaptation. The MSH assembler
1202 includes a frame rate generator 1322, an unreferenced frame flag generator 1324

and a reserved field generator 1326 for a media type designated for video.
Video

[00146] The media-specific header (MSH) for sync layer packets carrying video

media frames is the video media header. The format of the Video Media Header is

specified in Table 7.
Table 7; Video Media Header
Field Name Field Field Presence
Type
FRAME RATE UINT(3) MANDATORY
UNREFERENCED FRAME FLAG BIT(1) MANDATORY
RESERVED UINT(4) MANDATORY

[00147] The individual fields of the Video Media Header are defined below.

FRAME RATE

[00148] The FRAME RATE field represents the rate at which video frames are



31 generated by the network and is generated by the frane rate
generator 1322 in accordance with the values in Table 8. The defi ned
val ues forwdROMmIRATE are shown in Table 8. Table 8: Defitroedovmles
for FRAME RATE Franme Rate (franes per second) Val ue 24000/ 1001
(23.976) 000 24001 25010 3000011001 (29. %7)011 30100 50101 60000/ 1001
(59.94) 110 60111 [00149] The FRAME RATE rate is the nom nal display
rate in frames per second if the conplete video streamis received.

For exanpl e, i j i,S:.S i h :
Ehanconont eyt By (8 BRGR i FlbeS P, B0 ek b Rp R 12
dat a are coagbehedeywilkabdesluesAat Table &l Jht alefinat eduesafpr HRAME. REGE are
exanpl e, a ﬁievi ce V\@i %h receives only the Base | ayer of a

transm ssio ndelsBay frames at a lower rate. UNREFERENCED FRANE
FLAG [ 00150] The UNREFERENCED FRAME FLAG is a bit that indicates
whet her the nedia frame is used as a reference in the reconstruction

of other nedia franmes and_i s generated by_t f nced frame fl ag
generator 1324. The genergﬁ‘ﬁiP%@?@“&é’ﬁ@F%@éEW—%ﬁfﬁ
UNREFERENCED FRAME FLAG based on the followi ng conditions. If the
media frane is afFBICdRAHEERMCE BRESCERIGAI ti on iz?lume UNREFERENCED
FRAME FLAG can bé4W{100h(B.976) the nedia fra s not a reference
frame (condition22), the LTNREFERENCED FRAME #{/AG can be set to I.
RESERVED [ 00151] 2The val ue of all RESERVED bi %Y can be set to 0 and
is generated by BHOIGIEZW)fiel d generator 4826 as necessary.

30 100
50 101
60000/1001 (59.94) 110
60 111

[00149] The FRAME RATE rate is the nominal display rate in frames per second if
the complete video stream is received. For example, if a video stream is sent using both
the Basc and Enhancement layers, the FRAME RATE is the ratc after both streams of
data are completely decoded. Actual display rates may differ. For example, a device

which receives only the Base layer of a transmission may display frames at a lower rate.

UNREFERENCED _FRAME FLAG

[00150] The UNREFERENCED FRAME FLAG is a bit that indicates whether the
media frame is used as a reference in the reconstruction of other media frames and is
generated by the unreferenced frame flag generator 1324. The generator 1324
generates the UNREFERENCED FRAME FLAG based on the following conditions.
If the media frame is a reference frame (condition 1), the
UNREFERENCED FRAME FLAG can be set to 0. If the media frame is not a
reference frame (condition 2), the UNREFERENCED FRAME FLAG can be set to 1.

RESERVED

[00151] The value of all RESERVED bits can be set to 0 and is generated by the

reserved field generator 1326 as necessary.



32 Audi o [00152] The nedi a-specific header assenbler 1202 does not
generate a nedi a-specific header for sync | ayer packets carrying

audi o nedivwo bdoaiBsss Nonet hel ess, the nedi a-speci fic hegdgisassaanher
1202 may be nodified to provide such a MSH for audio. Tinmed Data

[ 00153] The nedi a-speci fic header ass;rﬁ: er 1202 includes a
timed_data_type generator 1332. .The i a- specific header for sync
| ayer packets carrying tinmed data nedia franes is the tinmed data
nmedi a header,. .The format of the tinmed data nmedi a header generated by
the ti rred_dé%gl-gtype generator 1332 is shown in Table 9. Table 9:

For mat of the,Ti,med. Dat a,.Medi i Fj TypeField ..
Presence TI B@I!)EBATi h?ﬁﬁili%%f%%kﬁ%ﬁl%h%&%h % EEE? Iﬁlﬁ%%?twllg%%ﬁ)tg 15 zﬁ edllaﬁ e
TI MED_DATA_#péeiicfticeddd fodemiilisee patkas apempfaudiot ngka fbmeat Nohahdlde, the
TI MED DATA nedia fr. nd is n ed the tined data typ
Generator 1389 SpHG Eritho A G S 2 e (R BRTA o TR s, Bl AMSHE fo
Tabl e 10. Taklie¢ 10: Defined Values for TINMED DATA TYPE NaneVal ue
CHARACTER TEXTO The values 1 through 256 are reserved.

Timed Data

[00153] The media-specific header assembler 1202 includes a timed_data_type
gencrator 1332. . The media-specific header for sync layer packets carrying timed data
media frames is the timed data media header. The format of the timed data media header

generated by the timed data_type generator 1332 is shown in Table 9.

Table 9: Format of the Timed Data Media Header

Field Name Field Type Field Presence
TIMED _DATA_TYPE  UINT(8) MANDATORY

TIMED DATA TYPE

[00154] The TIMED DATA_TYPE field identifies the specific type of data in the
TIMED DATA media frame and is generated by the timed_data_type generator 1332.
The defined values for TIMED DATA_TYPE are given in Table 10,

Table 10: Defined Values for TIMED DATA TYPE

Name Value
CHARACTER TEXT 0
The values 1 through 256 are reserved.

ADAPTATION_TYPE

[00155] FIG. 12B illustrates the adaptation type gencrator 1160 of the sync header
generator 1110. The adaptation type generator 1160 includes a video_sync layer
directory assembler 1220, The APPLICATION TYPE field specifies the type of

adaptation data in the adaptation frame. The defined wvalues of the



ADAPTATI ON TYPE [00155] FIG 12B illustrates the adaptation type
generator 1160 of the sync header generator 1110. The adaptation type

gener at or wd efswsgésudes a vi deo_sync | ayer directory apseqbieerfosi2z0.
The APPLI CATION TYPE field specifies the type of adaptation data in
the adaptation frame. The defined valu of the WO
20081061164PCT1US20071084727 33 APPLI | ON TYPE field are specified
in Table 11. Table 11: Defined val ues for ADAPTATI ON TYPE NaneVal ue

VI DEO SYNC FE%HWM léh%reﬁﬁ%?%ed\é@'%ﬁ% 13re reserved Adaptation

frames [001 e e o0 0 the adaptation frame
(e.g. 508) is dependent on the adaptation type. The body of the
adaptation frane fromeach adaptation type is specified in Table 11

and descri bed bel ow. Vi yac.l aye S 1 157] The
vi deo_sync_l ayer dir ectlga?’é))3 @s@gmﬁﬁvﬁ{%é%@é&tM—ﬁ ideo sync
| ayer directory which is an optional adaptation frame and may be used
by the sync layer_406 in the device to assi st t{)ﬁ&vi deo codec in

m : (o]
error recovery. % | e, he s | ayer 406 to
det er m ne whet he'r:E’%) m&%ﬁ@@éﬂ%s intended to be a
reference frame. FHCLCKHOWSSHGESSE pernit the video codec to

det erm ne whet her subsequent franes up to the next reference frane

shoul d be pAdapatiadiagesdi scarded. [00158] The vi deo_sync_| ayer
directory assenbler 1160, illustrated in FIG 14, includes a

VSL_r ecor ds (B84 e ThastuctererApie bagy I9F the adaefafien frame(e.qaq0%) is dependent on
(rae {1 a9 bid sundl &, 1028 804, B LRSRLYGHATRINE Gckd 30 RBRAEK 1R i

and assenbl e vi deo_syn “layer irectory. The video_sync_la
directory, #sfecpredsehtble thanddssentmddplont ed as a sync | ayer adaptation
frame in the base | ayer conponent of the streamtransporting the

vi deo fl ow Madoptsivedlayer (HEp) Daectotyt shoul d be transnmitted at | east
once per superframe. The format of the video_ sync |ayer directory is
specified i WOEARI e The video sync_layer directory assembler 1220 generates a video sync layer

directory which is an optional adaptation frame and may be used by the sync layer 406
in the device to assist the video codec in crror recovery. For example, it may allow the
sync layer 406 to determine whether a lost or corrupt frame was intended to be a
reference frame. This knowledge may permit the video codec to determine whether

subsequent frames up to the next reference frame should be processed or discarded.

[00158] The video_sync layer directory assembler 1160, illustrated in FIG. 14,
includes a VSL records module 1402, a RAP flag bits module 1412, an
U_frame_flag_bits module 1422 and a reserved module 1432 to generate and assemble
video_sync_layer directory. The video sync layer directory, if present, can be
transported as a sync layer adaptation frame in the base layer component of the stream
transporting the video flow to which it applies. It should be transmitted at least once per

superframe. The format of the video _ sync_layer directory is specified in Table 12.

Table 12: Video sync layer {VSL) Directory

Field Name Field Type Field Presence

VSL_RECORDs VSL_RECORD TYPE MANDATORY
RAP FLAG BITS BIT(60) MANDATORY
U FRAME FLAG BITS BIT(60) MANDATORY

RESERVED BIT(variable) CONDITIONAL



Tabl e 12: Video sync layer (VSL) Directory Field Nane VSL_RECORDs
RAP_FLAG BI TS U FRAVE _FLAG BI TS RESERVED Field Type VSL RECORD TYPE
Bl T(60) Biwid 8f308hei( vari abl e) Field Presence MANDATORNcIVERI6TSEN 7
MANDATORY CONDI TI ONAL 34 VSL RECORD [00159] FIG 15 illustrates a
VSL record nodul e 1402. The VSL record dul e 1402 includes a
nore_VSLJecords nodul e 1502, a franme_rat'e nodul e 1504, a num franes
nodul e 1506, a first_franme PTS nodul e 1508 and a | ast_frane PTS

nodul e 1510. [00160] The nore VSL records nodul e 1502 rmay generate
and assenble one or nore VSL RECORDs for the directory. The format of
the VSL REC%E éﬁca%cified in Table 13. Table 13: Format of a VSL

RECORD

[00159] FIG. 15 illustrates a VSL record module 1402. The VSL record module
1402 includes a more VSL records module 1502, a frame rate module 1504, a
num_frames module 1506, a first frame PTS module 1508 and a last frame PTS
module 1510.

[00160] The more VSL records module 1502 may generate and assemble one or
more VSL_RECORDs for the directory. The format of the VSL_RECORD is specified
in Table 13.

Table 13: Format of a VSL. RECORD

Field Name Field Type Field Presence

MORE VSL RECORDS BIT(1) MANDATORY
FRAME RATE UINT(3) MANDATORY
NUM_FRAMES UINT(6) MANDATORY
FIRST FRAME PTS UINT(14) MANDATORY
LAST FRAME PTS UINT(14) MANDATORY

MORE_VSL_RECORDS

[00161] The more VSL records module 1502 generates a MORE_VSL _RECORDS
flag which can be set to 0 if the current VSL_RECORD is the last in the Video sync
layer Directory.

[00162] The more VSL records module 1502 generates a MORE_VSL _RECORDS
flag which can be set to 1 if the current VSL_RECORD is not the last in the Video sync
layer Directory.

[00163] The number of VSI. RECORDs in a Video sync layer Directory can be 1
greater than the number of changes in nominal video frame rate in the superframe.

FRAME RATE

[00164] The frame rate module 1504 generates and assembles a FRAME RATE
field which provides frame rate information applicable to the VSL_RECORD. Table §
specifies the defined values for the FRAME RATE field.



Fi el d NameFi el d TypeField Presence MORE_VSL_RECORDSBI T( 1) MANDATORY
FRAMVE RATELTI NT(3) MANDATORY NUM _FRAMESUI NT( 6) MANDATORY

FI RST_FRAMm RiBShA1NG( 14) MANDATORY LAST FRAVE PTSU NT( 14pd/BiENTaRYs2vORE
VSL RECORDS [00161] The nore_VSL records nodul e 1502 generates a
MORE_VSL_RECORDS flag which can be set 2,to O if the current VSL_RECORD
is the last in the Video sync |ayer ract ory. [00162] The

nore_VSL records nodul e 1502 gener at es a MORE_VSL_RECORDS fl ag which

can be set i@%N} I}g;&@g current VSL_RECORD i s not the last in the

Vi deo sync tory. [00163] The number of VSL_RECORDs in a

Vi deo sync L{ﬁ‘ﬂ% Dﬁ@gﬁﬁ{ rafi30 L 9§(%a%e%ratté}a£‘ ﬁ%@e %%E&Tghwh

changes in rane rate in thHe super
[ 00164] Theirfdicatee theatvenbrpdiivideolinbdia Gemes witk diffoncht fesedDlvebienat the frame

FRAMVE RATE field i ion a

eVt meck e e P AR RATEERIANF DO AL ORsRRRE LAY Sebi®
FRAVE_RATE fra@bdstartin® 2 MIRSFRAMEGH 004 65thinfthe supgrfrdnicames nodul e 1506
generates a NUM FRAMES field which indicates the nunber of video

nedi a franesingt WFrRAMEGENt frame ID values at the frane rate
speci fied by the FRAME RATE field in the block of consecutive video

medi a franmespoaselr t imhg fiadt frdrRSPTERAMulPTEES Wehdritas & FER ST FRANMBIELS which
is the PTS of the first video media frame of a block of consecutive video media frames

with the frame rate specified by FRAME _RATE.

LAST FRAME PTS

[00167] The last frame PTS module 1510 generates an assembles a
LAST FRAME PTS which is the PTS of the last video media frame of the block of

consecutive video media frames with the frame rate specified by FRAME_RATE
starting at FIRST FRAME PTS.

RAP FLAG_BITS

[00168] The RAP flag bits module 1412 generates the RAP_FLAG BITS. The
Video sync layer Directory contains 60 RAP FLAG BITS, corresponding to a
maximum of 60 video media frames in a superframe. Each bit of the RAP_FLAG_BITS
field corresponds to a particular video media frame, up to the number of distinct video
media frames in the superframe, identified by frame ID. The least significant bit
corresponds to the first video media frame covered by the first VSL_RECORD. The
RAP FLAG BITS covered by the first VSL RECORD are followed by the
RAP FLAG BITS covered by the second and subsequent VSL_RECORDs, if present,

in order of transmission.

[00169] Each bit in the RAP_FLAGS BIT field bit of the Video sync layer Directory
can be set to | if the corresponding video media frame is a random access point and is
not an accompanied by a non-RAP frame with the same frame ID. Otherwise, the bit is
set to 0. Bits following the bit in RAP_ FLAG BITS that corresponds to the last

transmitted video media frame in the superframe can be set to 0.



FI RST FRAME PTS [00166] The first_frame_ PTS nodul e 1508 generates a
FI RST_FRAME_PTS which is the PTS of the first video nedia frame of a
bl ock of cwmswetdinsse vi deo nmedia franmes with the franepgausospserii ed
by FRAME _RATE. LAST FRAME PTS [00167] The | ast_franme_PTS nodul e 1510
generates an assenbles a LAST FRAME PTS which is the PTS of the |ast

video nedia frane of the block of cons éutive video nedia franes with
the frame rate specified by FRAME RATE starting at FI RST_FRAME PTS.

RAP FLAG Bl g%égﬁéﬁf%.l i@%I%P_f | ag_bits nodul e 1412 generates the
RAP_FLAG BI TS: c layer Directory contains 60

RAP FLAG Bl \3q4~&G0Or i i f j ha, f E N
a sUperfr_anE].% 1 chﬁgﬂ%) "glg @%&%&_Eﬁé@%%gg&%@é& dggl%?e %:t)}%&é;&?%ﬁg@
particul ar Ui BRAMBELAG BTE, coupsppodinfpé munrkiEmunobf 60 stiemotedwiftess in a
nedia franes in the_s rf id (I frame ID. T | east
Craniti cant Steft: Fadhhat AEa e A s fidiRorRean Se v top,
the first VadeRECGRDamENep RARe huhCe B Thtigovdi@dnbdia fidfied inrthé sdfekframe,
RECORD are fol lowed hy the RAP FLAG BILTS covered by the second and
subsequent \SptifredcoRiemelp. Jpedest Sienifcags B coBFTORdT e dirgr dom ko)
Fach bit i nfiie BARFHARS ALTVSLERECORD. The UNERUMIEGIHOBITGYBered by

Directory can be set to 1 if the corresponding video nedia frane is a

random acce8s i WL FRCORD e fodlawad &p ilsalL _HLASn BREPcgvcesebwihe h
th f i b, 4 . i | i th
bi't i n Rap SRS gt 81 RBCORT irarSfih. ihSur oSl ob " e
el o 11 a7 e PR (BT, CRRRRSESE O iy 138 M FEAVR.ELAR ALTS

[ 00170] The _ enerat es a nessage t
cont ai ns 60DitcéRAMEanFicAGt Bl TSf tleosoresgpadii ngddooframarsxd nonvraiérei@ frdntbeo

media franes in a s rf.rane. Fach bit of the U ield
corr esponds 1}?1"515%3{%);%&]? 57 9i% %6‘[3 r@%‘?‘%ﬂ% rﬂ?f‘rrﬁt lrﬁﬁ%ﬁgﬁﬁm%ffm
di stinct vigaespifdi® fhe aiegadsmittdderasiene ifersap@ fratel et befdeed by frame
ID. The least significant bit corresponds to the first video nedia

frame coverg@dsbgviEme first VSL_RECORD. The U FRAME FLAG BI TS covered
by the first VS[ RECORD are followed by the U FRAME FLAG BI TS covered

by the secopghiamd IubseFRNE MSIARANORRN id follotves ®tihe iinigfdehuiler of
t ransm ssi on. Eg\%}é}){l _Each bit in the UFRAME FLAGBIT field of the

Vi deo sync R&y gingraidnbyp e geteryeg moquic {42 ey e mdeh dhaiierdo

frame is a poR-sehRr ¢e8 &h@MBrectlNes W %ﬁte BByt The RBhorkOcd) Bl ths
followng the bit in UFRAME FLAG'BITS that corrésponds to the | ast
transm t t ed RESERY EDhbitsHe theupdsofsyamdirastony t9ed.set to 0. RESERVED [ 00172]
The U FRAME FLAG BIT field is followed by the m ni mum nunber of
RESERVED bi {#1g3neTapsdobyrditaey sl anvbel artodedld undgstamb das sefoymation and
align the fin byt e, of i,deo sync direct.ory . t r
The et wor kit JHb°f e hlSalkieig S0, & § RENH ok, Bfra sforBRBES ¥y
0. [0017_3] Thebaqods. Godieramylesidatal instrutiivasacémmendsd infodest®hannilhabits,
I nformati Ons;?nr‘}lgjols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,

optical fields or particles, or any combination thereof.

[00174] Those of ordinary skill would further appreciate that the various illustrative
logical blocks, modules, and algorithm steps described in connection with the examples
disclosed herein may be implemented as electronic hardware, firmware, cormputer
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



signals may be represented using any of a variety of different
technol ogi es and techni ques. For exanple, data, instructions,
comands, wWotesagtéson, signals, bits, synbols, and chi pETAURHD74RAI27be
ref erenced t hroughout the above description nay be represented by

vol tages, currents, electromagnetic wavgs, magnetic Fields or
particles, optical fields or particles, or any conbination thereof.
[00174] Those of ordinary skill would further appreciate that the
various i |l ysfch@d ek theghﬁ@ttmbtﬁmtsemrm ldeegm caftt@taﬁtsqefpbtéamlﬁt@ Rerall
described in connection with the exanples disclosed herein may be

i mpl enent edswéeneSdiod griisenhaex iaplepertithawaserébed forptionality Sotaryiag says for
m ddl ewar e, f C rl e
this inter cﬁ H@Bﬁ? ?@P? g&%”@tg%&te %&dbj] d%é}{?{tfc‘)ﬁ decJan Ath?ﬁ n¥)t bd Inusheal
illustratives mmpg)adapesmrdaﬂrmkt& qcaygmdnﬂtlmdmodmed:meﬂmdq and st eps have
been descri bed above generally in ternms of their functionality.

Whet her suc [ﬂ(lflmﬂ]ct iTha alatibys 1lBtst'ramh dop il ddocks, ctmmpdmrte modubaf tadcecuit37

depends upo articul ar I icatio n. cons ral n

posed on BreHBERLpreCr oY el PEdes LGRS MRy P e R EREY o
descri bed fyagdrimepakitl ¥ pehewRMlriPe WaYRs9o0! 2 QBEGRI Ravikl 91:&:@dsor (DSP), an
application, but such inplenentation decisions should not

be
i nt er pr et ed picatqIsINGeifia THeAlRd Grent (ASHC) Rdicld Baragmmablfesal ¥EYdEREA)
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implemented in software, the functions may be stored on or transmitted over as one or

more instructions or code on a computer-readable medium. Computer-readable media



| . A device conprising: a processor operative to generate a
channel switch frame (CSF) fromone or nore network abstraction |ayer
(NAL) uni o tiwsesrabll e random access points in a coded BCTABI00AIB4T727
wherein, one of the NAL units conprises an | nstantaneous Decodi ng
Refresh (IDR) NAL unit having a non-zerg frame identification nunber.
The device of claim1, wherein the IDRNAL unit has a non-zero

pi cture order count (POC) nunber. The device of claiml, wherein
the non- zer grefy@iod UiiittieGlor bt Mk cdifthinidefiof el ibudifiPady Afum
nunber of a corresponding P-slTce. The cliew ce of claiml,
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par anmet er setan{fRR3hd NAdlinibation, ek ca@piteereadabld medin tan vdigrde RANMERCSE
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access poi ntsaniple,af dedeliwaid is ttrapsmittcdviiiomes mebsie, efrvarher dlAgr ngmptessource
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wherein theﬁLDR NAL unit_ has a non-zer

(0] . . .
er optic cabLfe, twisted pair, DSL, or wireless technologies such as infrared, radio, and

microwave are included in the definition of medium. Disk and disc, as used herein,
mncludes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.

[00178] The previous description of the disclosed examples is provided to enable any
person of ordinary skill in the art to make or use the disclosed methods and apparatus.
Various modifications to these examples will be readily apparent to those skilled in the
art, and the principles defined herein may be applied to other examples and additional

clements may be added.



%%‘bunt (POC) nunber . AT "?‘l nt egr at ed circuit of
gRCEEE T 'e'm the non-zero frane=RaRBerof the | DR NAL unit ik
e,hual to t hwodos ame nunber of a corresponding P-slice. 11. The
it egrated circuit of claim@8, whereinzsphe processor is operatER® tpG 1
generate the CSF with at |east two additional NAL units, the at |east

two additional NAL units conprising a sequence paraneter set ([ijS)“ 2008

NAL unit and a picture paraneter set qRfMs NAL unit.” 12. The
integrated circuit of-c oRe % an 1fra
NAL unit. 13. The int ebE C OF i1 r corrprl

a transnitter to broadcast the CSF as a random access poi nt ( RAP)
frane. 14.1.The A devéepreomisiogr cui't of claim 8, wherein. the CSF |s

opefative to cags& gé%c;r %}Ja@ﬂwﬁ t%?eﬂ%gte a{l}pﬁél Mtc%@inbe %{} om one or

to facilitate error reco programp
i ncl udi ng anoremanabstmaﬁtablagererﬂrm:hatd crgblerrandomhacempoﬁms icausietig

t tch f f
or o hot vorliSasen. herdin nd o uf NABRE sorfelsf e lnaTiah oo s ee. Befesl’
poi nts i n FIDRPNALhinitHav@gmion-zeRifansideitifivatich xﬁmﬂfsr.one channel to

anot her channel or to facilitate error recovery,. wherei n one of the'
NAL ‘units corrprl ses a lowquality Instantaneous Decodi ng -Refresh

(IDR) NAL unit raneidagicad oﬂ@lﬁnﬁqr @h&’éﬁ‘ﬁﬁe ![]ﬂRrNA]i hlﬁﬁ%h@ﬁ! nBﬁ'—%&%rplcture order.
h count (POC) number. ' :

3. The dev;ce of cIaJm 1, wherem the non—zero frame number of the IDR NAL umt

E is equal to the frame number of a conespondmg P-slice.

) 4.. : The dev1ce of claim 1, wherem the processor is operatwe to generate the CSF. :
’ w1th at least two additional NAL umts the at least two additional NAL units comprising
’ _a sequence parameter set (SPS) NAL unit and a pact;ure parameter set (PPS) NAL unit.

5. The device of claim 1, whereir the CSF includes an I-frame NAL unit, -

6. - The dévice of claim 1;‘ further comprising a transmitter to broadcast the CSF as a

* random access point (RAP) frame.

7. The device of claim 1, wherein the CSF is operati\}e to cause switching from one

- channel to another channel or to facilitate error recovery.

8. An zntegrated circuit compnsmg

a processor operative to generate a chansiel switch frame (CSF) from one or,
more network abstraction layer (NAL) units to enable random access points in a coded
bitstream, wherein one of the NAL units comprises ‘a low-quaiity.lnstaﬁtaneous

Decoding Refresh (IDR) NAL unit having a non-zero frame identification number,
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: ¥ »»erro frane nunber- ~.:»h;cfy?§zero plcture or der C@E~
(POC) nunb 17. The conputer pr.ogram product of claim 15, wherein
t he non- zero ?rama nunber - of the DR » unit is equal to the frane
‘nunber of a correspondlng P-slice. piRowszi=n,t,ri-7; S
093287089 nauFir, : Xxcaw. WOYSPAM D‘*Nn72711 e, LuErlth ett,..srd

6 41 18. ram p, uct. | re
i nstructions to%%ﬁ‘% H:d %lggﬁég &%% ser?“rlls Fuc |Ig}r§g%{ngvga§nel?§}££§
the CSF wi tptme:oi-cEasdmﬁWDG;iﬁiuﬁb@nal NAL units, the at |east. two
additional .NAL units conprising a sequence paraneter set (SPS) NAL
unit and a picture paraneter  set (PPS) NAL unit. 19. The conputer :
program pragduct TRE irtégdhied dRcuiVbrUlBin'S, Wherein 1t hoChérd FanteuafeesRheldhe -
CSF i ncludes instructions to generate an I -frame NAL unit. A device -
conpri si ng:NAL unit isgqplde Sedspmemanber placergspradigd-glifs- or - nore of
back-t o- back vi-deo media franes of a block of consecutive video nedia
franes, each with a sane frame i denti fication (I Dy nupber that -
identi fi es 1a. relThe uMegrpbdmmthf ¢lainh 8, wheneik thef proerssards pperativei g ggnerate

Pranes. ber 15t S Wluh R bed wH8Ra g bRy el LEPORAIA B RAY o

a secon
media fr an&oh'n@nslgg a serpmn&ﬁﬁhrﬁmaﬂeeset (SPS) NAThenitlend x pictifre paramate2t (PPS)
\Mhereinth ssor i-s .operative to decode only one of the- .

_-'-back to-ba

' '12. The mtegrated crrcurt of cimm 8, wherem the CSF mcludes an I-frame NAL .
B R
. . . . P .‘_ .
13. Thc mtegrated crrcult of claJm 8 further compnsrng a transmltter to broadcast‘
the CSF asa random access pomt (RAF) frame ' )

y

14 The mtegrated crrcurt of cIaun 8, wherem the CSF_ is operatrve to cause

sw1tch1ng from one channel to- another channel or to facrhtate error recovery
Yy ‘ .‘ . : . - ]
15.. S A computer program product mcludmg a- cornputer readable medrum havmg
- mstructlons for causmg a’computer to: ‘ _
generate a channei switch frame (CSF) from one or more network abstractlon
layer (NAL) unlts to enable random access pornts in a coded b:tstream to cause
. switching from one channel to another channel or to facilitate error recovery, wherein
one of the NAL units comprises a low-quality Instantaneous Decoding Refresh (IDR)

NAL unit having a non-zero frame identification number.

16.  The computer program product of claim 15, wherein the IDR NAL unit has a

non-zero frame number and a non-zero picture order count (POC) number.

17. The. computer program product of claim 15, wherein the non-zero ﬁ"amennumoer

of the IDR NAL unit is equal to the frame number of a corresponding P-slice.
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@ ai m 20, wher ei n t

el ,

sipidmearnd drop frames in ﬂ: .‘. fder . zhed st
The deV| ce o9a9 ﬁl aim 22,. wherein the processor is operative to decode
the RAP frame by decodi ng a channel swigich frane conprising one or

nore network abstraction |ayer (NAL) units.. . A conputer program
product including a conputer readabl e nedi um having instructions for -
causing a conputer to: decode one or nore of back-to-back video

nmedi a franes of a block of consecutive video nedia franmes, each with
a same fran.i damkicbinpatei pmg(athrodua:ttmélciaimdﬁ -whizein ithe ipstrectiond tatgenerate
position in t bl ock of consecutive .video r . afinst
vi deo nedi g"‘? ?%ﬁe‘“fﬁlflh?shg‘swé&?n? ﬁﬁ%eﬁat? ?lgnggﬁﬁ%lﬁln%t ggzﬁagﬁq&g“@a‘sﬂi
]|90| nt ( RAP)unith/Béetr R 1o a8dioneh] W Ale anifsxbingpriking mesepeinog paramorer FARSPS)
rame. AVENDED SHEET 33. A netho sing the step of:

encodi ng O%AEWW%aBFWQEﬁ%teB%EP%%H@& a frames of a bl ock of
consecutive video nedia frames, each vith a same frame identification
(1 D) number that identifies a rel atlveci)osmlon in the block of ‘
consecut i vel%i dekherpeamater peogeasm pracust of cfaitpdd, Whigels theelsudtionnio gererpise

back-t o- bagk, Eéﬂ%ﬁud%ﬂz{%&u&&né'fﬂjﬁéﬂeﬁa%ﬁﬁﬁfrﬂﬁé RALGRAP) frame and a .

second video nedia frame being a non-RAP franme. 34. A system'
conprising: an encoder operative to encode one or. nore of

pack-to- ba% Vi dﬁaﬁﬂ?edérﬁm;r{s s of a bl ock of. consecutive video

nmedi-a. franes, eac ime frame identification: (1D) nunber
that” identifies aeprbmssm-loperapmesiotdeomdel ame toh mobd eftiaclofo-bask yédegtrhedéa farokso

dia f i
T aires. boy 1 ok 86 R S Bl el i L5l Soli¥flion

medi a f ranﬁ(lbyhﬁﬁb@ tﬁﬁﬂdaﬁiﬁeﬁ aasRtive ﬁmﬁhon in theabldelc ofl@mseméravidee ntedla
decode the one or re of gack '1.0- pack ﬁje r£9d| a franes,to svmt '
the Jac

channel s orfrpes é’@ A difptevideq grediaa i bgﬁlgtﬁ'@fﬂeﬁrﬂgﬂgs? ﬁ@‘
o access pomt (RAP) frame and a second v1deo media frame bemg a non-RAP frame. - -

21.  The device of clalm 20 wherem ‘the processor is operatxve to decode only one of '

the back-to-back frames _:-

22.  The device of claim 20, wherein the prdcessqr is operative 1o decode the RAP

frame and dfo;ﬁ frames in ‘od_tpu't order before the RAP frame.

23.© . The device of claim 22,-wherein the processor is operative to decode the RAP
frame by decoding a channel switch frame comprising one or more network abstraction

layer (NAL) units,

24. A computer programv product including a computer readable medium having
instructions for causing a computer to: ',

decode one or more of back-to-back video media_‘frémés of a block of
consecutive video media frames, each with a same frame identification (ID) number that
identiﬁe.s' a relative position in the block of consecutive video media frames, with a first
video media frame of the back-to-back frames being a random access ﬁoint (RAP)

- frame and a second video media frame being a non-RAP frame.

AMENDED SHEET




iatl ve to gener at e i o)
: ‘or more network abéﬁti‘r“&éﬂ”% ST
enabl e ranm@ccess points in a coded bi tstream wher ei n. one of t he
NAL units conpri'ses a lowquality |nstaptaneous Decodi ng, Refresh
(1DR) NAL unit having a non-zero frame nunber; and a decoder
operative to decode the CSF to cause. switchi ng' from one channel to
anot her channel- or to facilitate error recovery. 36. A net-hod
conprising the step of: generating a channel switch frane (CSF)
from ore or2Smor &ha&pmprtker pivgrannproduet of &fﬂem 2 nehyreimihe dnstryctisaite decode
random acc e of the NAL
units corrpﬁ;ﬁcgléds%qg tlbﬁ(}utgldl(é ﬁg%ﬂ&%ﬁﬁgﬁggggk'&% g?‘%‘é‘g ef r esh (IDR)
NAL unit havi ng a non-zero frarre humber., 37. The rret hod of clai m 36,
wherein th L unit has a no er “order .count -(PQOC)
nunber | 425 35 1 ghRher B BRORA QR e L ferdin BE iEHIopt ' e
nunber of td‘iﬁuddﬁtf%hommtdccﬁew framk lad ﬂro@rmnrw iibewtpatforder before the
correspondllgg% -sI ice. 39. The method of claim 36, wherein the
generating firt her includes generating the CSF with at |east two
additional NAL units, the at |east two additional NAL units conprises
a sequence paraneter set (SPS) NAL unit and a. i cture._paraneter set

(PPS) NAL At . Thegomphier pragkise prdugt| oficlaim s, Y the dpdrugtians tadpoade
stiep i ncl udgSRAPTR ﬂn@ﬂdéﬂﬁs@[x ool dec@f dch%ﬁx?éﬁw%{—fr%é Eomprkink he or
method of claim36,: further conprising.the step of broadcasting the .
CSF."as a ran@remmleg@trp@mmlamﬂﬂx)\mwaﬁe to effectuate channel o
SW tching. .-42. The nethod. of claim4l, furt her. conprising receiving
t'he:. CSF; and_s_vvl tching fromone channel to anot her ‘channel in . ..
response 't @8 he A ecthodedmpsfing the3tepTiie net hod of clai'm41; further, -
cofrpri'si ng.r ecei ‘é& eé*&ﬁe%? oxae“ﬁf DGO AL dii Omeﬁﬁ fhhé¥ of% 51'891; of .-
coded bitstreamin e recelved

consecutwe v:deo media frames, each with a same ﬁ-ame 1dent1ficatlon (ID) number that- :

1dent1ﬁes a relatlve posmon in the block of consecutlve video media frarncs, w1th a first
vndeo medxa frame of. the back-to-back frames bclng a random access pomt (RAP)

frame a.nd a sccond wdeo medla frame bemg a non-RAP frame.

*

- .29. The method of clalm 28, wherem the- decodmg step mcludes decodmg only one-

of the back-to-back frames

!

.-30. Thc method of claim 29 further compnsmg the step of prowdmg both back-to-

back frames to a decoder.

31 E 'i.'he.‘method of claim 28, wherein the decoding step includes decoding the RAP
frame; and dropping frames in output order before the RAP frame.

32. | The method of c,laj.m 31,-wh§r¢in the d.ecoc'iing' of the RAP frame inclgdes

decoding a channel swritcﬁ frame comprising one or more network abstractioni layer
. (NAL) units. - ' | '
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33. A method cornpnsmg the stepoft

encodmg one ‘or-more of back—to-back video media frames of a block of.
consecutive video media frames, each witha. same frame identification (ID) number that_
identifies a relatwe position m the block of consecutwe video media frames, with a first
video~ med:a frame of the back—to—back frames bemg a random access pomt (RAP)
frame and a second v1deo medla frame bemg anon- RAP frame
34, - A system compnsmg

an encoder operanve to encode one or more of back—to«-back v1deo medla frames

e of a biock of consecunve v1deo medla frames each w1th a same frame 1dermﬁcatlon

) (ID) number that ldentlﬁes a relatwe pOSlthIl m the bIock of consecutwe v:deo medxa_ '

' 5"_._A~.'.-,frames wath a ﬁrst v1deo rnedra fra.me of the back—to—back ﬁ-ames bemg a random _

| ' ' and -.. N - . M H B - . |
a decoder operatwe to decode the one or more of back-to-back vzdeo medla :

frames to sw1tch channels or to faclhtate error recovery
[ . - . - N - N PR ¥

L 35. ’ A system compnsmg

“-an encoder operatwe to generate and broadcast a chan.nel swnch frame (CSF)

from one qr, more network abstractxon ]ayer (NAL) umts to enable random access points

in a coded bltstream, wherem one of the- NAL units- compnses a low-quahty _
Instantaneous Decodmg Refresh (IDR) NAL umt havmg a non—zero frame number and
a decoder operanve to decode the CSF to cause sthchmg from one charmel to.

" another channe! or to facxhtate error, recovery.

36. ~ Amethod compnsmg the step of:
generatmg a channel switch frame (CSF) ﬁ'om one or more network abstractlon
. layer (NAL) units to enable random access pomts in a coded bltstream, wherem one of
| ‘the NAL units comprises a 10w—quahty Instantaneous Decodmg Refresh (IDR) NAL

_‘unit having a non-zero frame number

37. The method of claim 36,.wnerein the IDR NAL unit has a non-zero picture order
count (POC) number. . ' ‘ '
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. _ 38.  The method of claim 36, wherein the non-zero frame number of the IDR NAL

. unit is equal to the frame number of a corresponding P-slice.

39.  The method of clahr_x 36, wherein the generating step further includes generating.
the CSF with at least two additional NAL units, fhe at l'e_‘ast two additional NAL units
comprises a sequence parameter set (SPS) NAL unit and a picture parameter set (PPS)
NAL unit, | | |

4‘0. The method of claim 36 wherein the generatmg step mcludes generatmg the
CSF w1th an I frame NAL umt '

g 41. The method of claim 36; ﬁlrther compnsmg the stcp of broadcastmg the CSF as

a random access pomt (RAP) frame to eﬂ'ectuate channel smtchmg

42. . The meﬂlod"é_)f claim 41, further comprising receiving the CSF; and switcfn'ng '

from one channel to another channel in response to the received CSF.

43. -The method of claim 41, further comprising receiving the CS.F;.' and recovering

from an error in the coded bitstream in response to the received CSF.
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