-1 METHOD FOR FORMATTI NG TRANSPORT CELLS FOR CONVEYI NG COVPRESSED VI DEO
DATA The present invention relates to a nethod and 5 apparatus for

segnmenti ng conpressed video data into cells or packets for transm ssion in
a manner to allow a receiver to rapidly recover from occurrences of

m ssing data or corrupted data. The Mving Picture Experts Goup (MPEQ
are 10 establishing a standard for transm ssion and storage of video data
primarily for use by conputers. This proposed standard is detailed in the
docunent "International Organization for St andar di zation",.1.SO | EC
JT(1/SC2/ WE ) ,. Codi ng of Moving Pictukes and Associ at ed Aud| o, MPEG 90/176
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= ' Standardlzatwn" ISO-IEC JT(1/SC2/WGH), Codlng of Moving

Pictures and Associated Audio, MPEG 90/176 Rev.2, Dec. 18, 1990:
15 The signal protocol is hierarchical or layered. Frames of video

data are compressed in groups of, for example, 15 frames.
Respective frames are either intraframe encoded (I frames),
forward predictive intérframe encoded (P frames) or
forward/backward predictive interframe encoded (B frames).

. 20 Each frame is divided into slices corresponding to horizontal image
bands (e.g., 16 line stripes). The slices are segmented into
macroblocks consisting of matrices of 16 by 16 pixels. The
macroblocks are encoded in four 8 by 8 blocks of Iuminance
values, and two 8 by 8 blocks of chrominance values (U and V

25 signal components). Each of the 8 by 8 chrominance blocks are
‘derived by -horizontally and vertically . subsampling component
chrominance values representing respective 16 by 16
macroblocks. The signal protocol calls for a sequence layer for
identifying the overall signal type, which layer includes a

30 sequence start code and header information identifying, for
example, picture size, pixel aspect ratio, picture rate, bit rate,
buffer size, a number of flag bits, etc. Following ‘the sequence
layer is a group of pictures, GOP header which include a start code,
a time code, a closed GOP flag, a broken link flag and extension

35 data. The next layer includes a picture start code and picture
header. The picture (PICT) header includes a temporal
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a tine code, a closed GOP flag, a broken link flag and extension 3 5 data.
The next l|ayer includes a picture start code and picture header. The
pictyre (PICT) header includes a tenporal 2 reference, picture coding type
(1, P, B), buffer fullness, vector and pixel precision flags, variable

| ength code identifiers and extension data. A slice start code follows the
picture layer and includes a start code and a header identifying the
slice. Following the slice 5 layer is the macrobl ock | ayer which includes a
start code and header data. The nacrobl ock header data incl udes

I dentifying indicia, quantizing i nfoBmati on, type of encoding etc. The
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frames are dependent on the correctness of prior encoded frames.

15 Ounly one or a small namber of frames in a group of pictures is non
predictively encoded. It should be lmmedlately recognized that,
in a receiver, decoding errors due to data loss or corruption during
transmission will propagate through successive frames within a
GOP. In order to preclude the propagation of such errors and

20 concomitant image corruption special precautions must be taken.
However such precautions are not included in the MPEG protocol
because it was fashioned . primarily for noiseless transmission
channels.

ADTYV is a fully digital simulcast system that delivers

25 high definition television (HDTV) in a single 6-MHz broadcast
channel. It is currently being 'developed by the Advanced
Television Research Consortium (ATRC). One of the primary
design goals of ADTV is to deliver high-quality and robust digital
HDTV service for terrestrial simulcast transmission. The ADTV

30 system uses MPEG compression to permit transmission of HDTV
signals within a 6-Mhz channel. However the ATRC has
augmented MPEG by adding a custom higher layer structure
(MPEG++Rev 1) to achieve sufficient signal robustness for
transmission over noisy terrestrial transmission media. This

35 augmentation includes the prioritization of MPEG data into a two



30 system uses MPEG conpression to permt transm ssion of HDTV signals
within a 6-Mz channel. However the ATRC has augnented MPEG by adding a
custom hi gher |ayer structure (MPEG++Rev 1) to achieve sufficient signal
robustness for transm ssion over noisy terrestrial transm ssion nedia.
This 35 augnmentation includes the prioritization of MPEG data into a two 3
tier high-priority (HP), low priority (LP) transm ssion schene, and

i ncludes a transport protocol to support multiple data services, and to
provide graceful degradation in receiver performance in the presence of
transm ssion errors. DirecTVis a fully digital systemthat delivers
standard def hngh-ipurodFSEIP kow spuority (LAY thamemisséon acketel | and channel .
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containing three protocol layers; said method comprising: providing said

compressed video signal; forming a link layer header including at least a first

data field identifying the service to which the video signal is to be applied;

forming a video transport layer header including a continuity count which is

service specific and which increments in successive transport cells, and a data

field which indicates one of a plurality of alternative data formats selected

for the respective service layer; dividing said compressed video signal into

payloads of no greater than a predetermined number of bits; forming a service

layer from one of said plurality of alternative data formats, which service

layer may include at least one of said payloads; and concatenating said link

layer header, said transport layer header and said service layer for

conveyance.

Embodiments of the present invention involve a transport

protocol for arranging hierarchically formatted compressed video data

for robust transmission in noisy communication channels and

apparatus for realizing the transport protocol. The transport

protocol presented here may define cells (or packets) of data

where each cell includes a Prefix and a Transport Block. In an

exemplary embodiment, the Prefix may consist of four bits of



conveyance. Enbodi ments of the present invention involve a transport
protocol for arranging hierarchically formatted conpressed video data for
robust transm ssion in noisy comrunication channels and apparatus for
realizing the transport protocol. The transport protocol presented here
may define cells (or packets) of data where each cell includes a Prefix
and a Transport Block. In an exenplary enbodi nent, the Prefix may consi st
of four bits of 3a control information and twelve bits for service channel
identification. The Transport Bl ocks, (typically 128 bytes) nmay consist of
either Auxiliary data, Redundant MPEG tieaders, or standard MPEG dat a.
Conpressed video data nay be applied to a transport processor which nay be
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‘interspersed between regularly occurring successive cells of
compressed data.
FIGURE I is a schematic representation of a transport
cell (or packet) of the transport layer utilized in the invention.
FIGURE 2 is a schematic representation of a Transport
Block for a video service included in a transport cell.
FIGURE 3 is a schematic representation of an example of
a format of Auxiliary Data cells.



-+ FIGURE 6 is a system | evel block diagramidentifying the transport encoder
and decoder in the total system FIGURE 7 is a block diagramof a typical
transport encoder. 10 FIGURE 8 is a flowhart representing operation of
the “transport encoder. FIGURE 9 is a bl ock diagramof a typical transport
decoder. FIGURES ICA and | OB are a flowchart of operation of 1 5°the -
transport decoder of a one-tier video system Detailed Bescription The
transport protocol of the present invention includes. three data protocol
| ayers; a link |layer; a transport |ayer; 20 and a service Iayer. The i nk
| ayer is arranged to be servi ce i ndepgndent;, while the service |ayers are
service.specific. "service" refers to the type of data being transmtted
in a .particular traﬁg(ﬁ&m ¢él IS, a sghematigi ocpraseantavicded!ldatratingusil i ary

data etc.e@@yIhsinki @&;né@merutgpgmjlﬁﬁs fﬂstprr@férﬁrfyfrﬁﬁ( %ﬁéu%h}b\,{é?%dagl ght'

bi t bytes) |ch contain several link layer cont

channel i d&h% f1E5&Ms or nany different video, audio and data services.
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relatio &ngegg@a \ tgg[oPref i x_and .t Transport Bl ock. The designators
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of respectdnepdandl es. The desi gnator, CF, is a control flag used to

i ndi cate,a scranbli CSis_a. control sync bit which toggles wth
each sdr mbl e key C[ﬁlﬁg@%ﬁ 8 1s a flowchart représenting operation of the

transport encoder.
FIGURE 9 is a block diagram of a typical trzinsport
decoder.
FIGURES 10A and 10B are a ﬂov)chart of operation of
L5 the - transport decoder of a one-tier video system.

Detailed Description

The transport protocol of the present invention
includes three data protocol layers; a link layer; a transport layer;
20 and a service layer. The link layer is arranged to be service
independent, while the service layers are service specific. A
"service" refers to the type of data being transmitted in a
3 particular transport cell, e.g.,” audio data, video data, aﬁxiliary data
etc.

[
Ln

The link layer comprises a Prefix byte (actually two
eight bit bytes) which contain several link layer control flags as
well as channel identifiers for many different video, audio and
data services. FIGURE | shows the logical structure of a transport
cell indicating the relationship between the Prefix and the
30 Transport Block. The designators P, BB, CF, and CS are all one bit

designators. The designator, P, is used in a two tier system to
identify whether the transport block includes high or low priority
data (1=HP, 0=LP), and is used in a one tier system for cell
framing by toggling in successive cells. The designator, BB defines
35 a bundle boundary and is set to a "1" value only for the first cell .



- The designation SCIDis a twelve bit word which is S used to identify
service types. A SCID value of zero is reserved for null packets, and the
val ue 4095 is reserved for future definition. The remaining 4094 SLID

val ues are available for defining various service types. FIGURE 2

il lustrates the Video Transport Layer which 10 is an exanple of one of
many possi bl e Transport Layer formats. Every service type can have a
specific Transport Block format. This description pertains to MPEG encoded
Video Transport services. FIGURE 2 shows the |ogical structure of a
transport block. The first field of the video transport |ayer contains a
4-bit 15 continuity counter (CC). ThiS counter increments by one for each
cel | transiftfeggeciiyeiburndlesi cdhgedesigantoraddFpiis ar icoptrddpliagented to. e.
separ at e Copdicefes hhal f eac ' lh.dept ity . for each
transm ssion. rio???eﬁ??bﬁhgTﬂggbaﬂgg %fgt ﬁﬁ%%ﬁﬁﬁhgi?§ %%S%ﬂﬂogggﬁences
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not an 6 services. FIGURE 2 shows the logical structure of a transport
' block. The first field of the video transport layer contains a 4-bit
15 continuity counter (CC). This counter increments by one for each |
cell transmitted. It is service dependent and priority dependent,
i.e., separate counters are maintained for each service identity and
for each transmission priority tier. The value of the continuity
count sequences from O through 15. The continvity count
20 provides a measure of error detection at respective receivers. A
discontinuity in the received count indicates either errors in
received data or a loss of coatinuous data for a particular
(3 transport service.
' The next field in the video transport layer contains a
25 4-bit Header Designator (HD) which has two-bit subfields of Type
and Identity. The subfields identify the form of data transmitted
in the respective data field. For the Video Transport Layer, HD
types 0, 1, 2 and 3 are used to respectively identify Auxiliary
Packets, Basic Service Packets, Basic Service Packets with MPEG
30 redundant data, and Basic Service Packets with NON_MPEG
redundant data. The latter two types are non standard forms of
transmitting MPEG data, and are included for completeness. The
type "Basic Service Packets" is the only type identified which
includes MPEG data in standard form albeit segmented in
35 wansport cells The type “Auxiliary Packets" in general is not an



- MPEG signal though in this application it is used to transmt redundant
MPEG header data. Nomnally the Auxiliary Packets are used to transmt

auxi liary data such as cl osed captioning data, for exanple. 5 The HD
identity val ues define subsets of the HD types. One HD type/identity val ue
conbination (0/0) indicates an Auxiliary Data Goup cell, and its contents
are defined in FIGURE 3. The fields of auxiliary data cells are to be
unscranbl ed, therefore PREFIX, bit CF is set to one. Each Data Goup is
self 10 defined, with a flag-bit indicating whether additional Data G oups
exist in the sane packet. Data G oupscontain such information as Tine

Code Refergm;)ﬁ% and_ Scranbl e Ke_é_s. Basi c Service packets are used to carry
most of th Gispebdbaught i thisoapphcatiesiic senyédaopaaksist i ncl ude

entry- 15 pedohdsat MPEGYREAHAQNY th ta,streang. Entry-points
al | ow data bl ocks, t o segnent acr,g_égd'ceﬁ&ﬁgnuaﬂ@aﬁpgs{\ufﬁﬁgr% rﬁ‘)tjﬁ"ﬁs i s
i | 1 ust r at e@' nUAIRE tANSENE R iblagy odatat Isacknas ylpsechtcaptiomiapedas,f ound

in the entifgrpexainplata field for two-tier transnission schemes. The frane

type, slicce, and macrgbl g‘g‘?i dentities are supplied by the video
processorS, whi | e the@?ﬁ ?@b 1ty valiest define nurisets af efteuffDi eepdsy. t he

transport Osreoddbsdiypefideneiny r yahe @oﬁkﬁbiin%{ifdﬁelgbﬁ)e iRA{S8Es Eﬁ};;?:s whet her

the "data repanary % Bouf bATSBAC ks cioriFarmeats denerl in IAHIRE 5
encoded frdme, The figldst of stuxchinty afata dBIR. afdraof b@nimwﬂﬁm%d,s , UfSEd ast a
L7 o OGP O 0 U i el 2
(streans. “THE 18fflce Hhd a itag-biyl dedicatien: iwhethenr additionad Dﬁt}{ Gié%u%sr ?”‘31
e e i D SRR 112
wi de range ' BPCqbPdep Reterances gapdndermmbleoKeyse priority channel and frane
type. For further inBasiei3erticd paskess BR MseB BF 83565 most of the
MPEG encoded data. Two-tier basic service packets include entry-
15 point data to synchronize the two data streams. Entry-points '
.lallow data blocks to segment across cell boundaries. This concept
is illustrated in FIGURE 4. FIGURE 5 shows the entry-point
components found in the entry-point data field for two-tier
transmission schemes. The frame type, slice, and macroblock
20 identities are supplied by the video processor, while the entry
pointer and frame number are supplied by . the transport
processor. The entry pointer is the byte offset to the entry-point
¢ position in the transport block. Frame type indicates whether the
data refers to an intraframe encoded frame or an interframe _
‘ 25 encoded frame, or the first‘ cell of a GOP. The frame number is
used as a frame continuity counter, incrementing once per frame.
Both the frame type and the frame number assist decoder
synchronization of the two-tier data stréams. The slice and
macroblock identities are unique over the frame, and specif)} the
30 entry-point position without decoding the MPEG data stream.
While having one entry-point per cell is a design goal, there is a
‘wide range of data per slice dependent upon the priority channel
and frame type. For further information on entry point processes,
see U.S. Pateat No. ---(RCA 86,317A - allowed)---.



. see U S. Patent No. ---(RCA 86,317A - allowed)---. 7 Two nethods of
carrying redundant MPEG data in the Transport Block may be utilized. One
nmet hod uses a specific Auxiliary Packet to carry a copy of the MPEG
sequence Header (which could span nultiple packets). The second net hod
uses a 5 nodification of the Basic Service Transport Block to carry a copy
of MPEG Group of - Pictures (GOP) Header and Picture Header. All information
contained in the video service layer is supplied by the video encoder (and
the priority processor in a two - tier systen). See U S. Patent No. ---(RCA
86,317A - allowed)-- 10 for a detailed description of a two tier system
Specific formatting rules ar requi.red when encoding the Video Transport
Bl ock and are outline 1g’“"’l’i’eI"fb‘v'/\?’ odsopf HRMYisgs raduirjag MEEEIDdaJm bint thei s

toggl ed on Tdaéspbier Bﬂoaequapcaeh@ﬁﬁeédof cﬁleG%ttheﬁ ﬁ é i#i B Frame, 15
A new ce arte nn| ng of a GOP

and t he st

(assumi ng gjg-’“bmr?’nga%etatn?%ﬁaf”ﬁr%r@w iﬁ’%dt MP Eé“'ngﬁﬁuﬁg%f eadgrect i ve

tSlHICCfeSSI ;/e (fwrfanbscowld Ipancnﬁﬂtl‘pil@epacﬂde@g)spdrﬁc bg&@k,dI Hembdi asased on 20
e firs ctive successive

franes. R q%é%lfﬂ:f& (fon t%ﬂ%%&g %?rt“'l%‘? TW@B?%@TS& J9eBArTYn 3t €GRY of t he
"Basi ¢ Ser Wit AP EGr fﬁi@upnof tfhcchmr(d}OBaid}Ieadle awd fPiet@rel Helabler frame spans
| | k 25 f d t

e on b abaut 2t IS iR cafthfhed 9 TRE Wlads PR Bl I O

interval of abqut 4 to 8 tlrres per trane.
the MPEG SéHBBHEd brethrervidee engoder (asd" thexipriomity Packessot af Anwo

i nterval ofich $ymtéi)perseeetnsd. PAGnFIHRE. GREA 8554 U 26D MPEG
encodl ' for a detailed description of a two tier system.
Specific formatting rules are required when encodmg
the Video Transport Block and are outlines below: .
*For HD Types 1, 2, 3 the HD ID bit 1 is toggled on the
first sequence header of a GOP, the start of a B-Frame,
15 and the start of a P-Frame.
A new cell is started at the beginning of a GOP
(assuming GOP begins with an I-Frame), and the
beginning of respective successive frames..
_. ‘ *A “Basic Service” transport block format is used on-
20 the first cell of a GOP, and the first cell of
respective successive frames.
*A “Redundant Data” transport block format is used
instead of the “Basic Service” format on the second
packet of a frame if the frame spans multiple packets.

25 The “Redundant Data” format is used again at an
interval of about 4 to 8 times per frame.
*The redundant transmissions of the MPEG Sequence
header are carried as “Auxiliary Packets” at an
interval of 5 to 30 per second.

30

_ FIGURE 6 is a block diagram of MPEG. encoding
apparatus -including a transport encoder according to the present
inveation. The transport encoder takes a MPEG data stream and
attaches a protocol which:



. apparatus including a transport encoder according to the present

invention. The transport encoder takes a MPEG data streamand attaches a
protocol which: 8 Allows a transport decoder to detect missing or invalid
data; Ofers redundant transm ssion of critical data; and -1ndicates data
reentry points to restart MPEG 5 decoding. Input to the transport encoder
12 is either directly froman MPEG encoder 10 (for a one tier transm ssion
systenm) or froma MPEG priority processor 11 (for a two tier transn ssion
system). In two tier systems, two separate data paths are used, 10 one for
high-priority (HP) and one for | ow—prl'gority (LP) data. The priority
processor nonitors rate buffer full ness, and generates - .
priority-breakpoint s <Atilashs | ndiramdporofdecdden thelededn mitskRgngtata is split
bet ween the HP and Llfnggltiﬁ agﬁils for each slice of MPEG data. The

br eakpoi.nt data, al ongfvm h € MPEG encoded data is 15 the input data to

t he transport -encoder ETSNPE«!}lﬂ:dm&\A/mr&iEmlasmwa?fatc.ritmll dpwd; ahdt he
transport encoder tagpigfioidsh ddaf bRl Jofiid! Ro! A apppfigiat a type

indiciaée.g., header, data, notion "vectors, discréete c transform

coefficients etc.). ASCQAiRBr input to the transport encoder is provided
by a-system clock 13Inpg@ tbi $hé! R&kspcrt! SRR thG‘i'st?itﬂgplcﬁ‘f d[g‘e receiver
and transmtter oder rat btffers do not overflaow or un flow.

out put frotfPfhé't r r?n%%if‘adiQ &?rié QR tLIGT, tIANSEUFSIPRe SHEIEfpPEXer and

rate buf f efroi® a/iMPJ:‘.(Gapeio_sﬂ/a‘ph:ldtegor rmcgmséﬁp}:ﬁé- ti%ﬂgtrgﬁthhdtéhﬁg% tlﬁe
nver! eavesy g, MR 16 S fBin Y SRS i B oL o
(16. A th@neporiior dbightpriozityr €HB) vamd aeld fof rlom-phmmgo(mmuaml ohnrle@annel |
recei ver Lfritity { BRoS@oK Chadlfts! ifle $irre A Witlf¥s§, PHld Ceddiard®
emul tipl exer responsive to the data 1n . _
_ priority-breakpoints which indicate where in the data stream data
is split between the HP and LP data paths for each slice of MPEG
data. The breakpoint data, along with the MPEG encoded data is
5 the input data to the transport encoder 12. MPEG codewords
arrive at the input of the transport encoder tagged with data word
length indicia and data type indicia (e.g., header data, motion
vectors, discrete cosine transform coefficients etc.). A further
input to the transport encoder is provided by a system clock 13.
20 This clock is incorporated to genlock the receiver and transmitter
so decoder rate buffers do not overflow or underflow.

QOutput from the transport encoder 12 is sent to a
service multiplexer and rate buffer 15 via a data scrambling
mechanism 14. The multiplexer 15 interleaves data from

25 different service sources. The output from the multiplexer 15 is
applied to the communications channel via a transmitter 16.

A transport decoder 20 receives cells from the
communication channel receiver 17 via the service demultiplexer
and rate buffer 18. The demultiplexer responsive to the data in

30 the service type ficld of the transport cell header, separates data
of different service types, and applies the separated data types to
the appropriate processing circuitry. Video output data from the
demultiplexer 18 is coupled to a descrambler 19 which performs a
descrambling function which is inverse to the scrambling function

35 of element 14. Descrambled data is applied to a transport decoder



. 30 the service type field of the transport cell header, separates data of
different service types, and applies the separated data types to the
appropriate processing circuitry. Video output data fromthe denultiplexer
18 is coupled to a descranbler 19 which perforns a descranbling function-
which is inverse to the scranbling function 3 5 of elenment 14. Descranbl ed
data is applied to a transport decoder 9 20, which separates header data
fromservice data and applies the service data to a decoder 22. Qut put
fromthe transport decoder 20 provides both a systemclock (21) for
synchroni zing the receiver to the 5 tgansmtting service, and a data path
to the MPEG decoder 22. Wthin the transport decoder, error checks are
perforned 28, ddtehniepratiest header cddta fieanbsavidosdatar andchpgéesettiors. .
For examplg,itheqads ¢Qdg agcdgygl bor ed to determne if respective ‘
transport cef‘fs occur 1 n proper sequence. Only transport cells for 10 which
no errors are detect dduitl famyehedragspare deEdede20derovidise botnspor t

decoder StshBrf é1dcRe (50 [or PoydlnidRiAnk! AR [Vt aftpARE! bl ock, decodes

this header, and presents data EG decoder in swtable f or mat .
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below. FIGJRE 7 is a di agr typi cal transort
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information in
transport block, decodes this header, and présents data to the

MPEG decoder in a suitable format. If there is a cell discontinuity,
the video transport decoder is programmed to initiate a sequence
15 of resynchronizing tasks, as discussed below.

_ FIGURE 7 is a block diagram of a typical transport
encoder. For one-tier transmission systems, components 145-170
are not included. For two-tier systems, all components in FIGURE

e / are used.

20
One-tier _systems:
Encoded video codewords, and corresponding
- codeword identifying indicia related to codeword type, and

codeword length arrive at the transport encoder from the video

25 encoder 100. Element 105, responsive to the ideatifying indicia
captures and stores certain of the header information in a
memory element 110. Data stored in element 110 will be
included in the transmitted data a plurality of times to provide a
degree of information redundancy. The data selected for -

30 redundant transmission generally includes sequence header data,
GOP header data, and Picture header (PICT) data.. At a minimum
the data selected as redundant data is that data necessary to
condition an MPEG decoder to begin decoding a data stream which
has been entered at other than the beginning of a data sequence.



menory el ement 110. Data stored in elenent 110 will be included in the
transmtted data a plurality of tinmes to provide a degree of information
redundancy. The data sel ected for 30 redundant transm ssion generally

i ncl udes sequence header data, GOP header data, and Picture header (PICT)
data.. At a mninmum the data selected as redundant data is that data
necessary to condition an MPEG decoder to begin decoding a data stream
whi ch has been entered at other than the begi'nning of a data sequence. 10
Nomi nally a sequence may include a | arge nunber of GOP's. Decodi ng of
transmitted MPEG data requires use ofl §he sequence header data. If the

t into the d ter f.th , he
mmy not be abl 6 to densanitiifl o BeuBiCtl PN fctlad OF BERIRRLBFAC: °
descri bed hefd. riereatingl 9f pransiuiteds dREOC datntequtiey usecafethhieader data
for decodi g zheet hxagé.ﬂ Q{at&;})gf' M@Srt{uﬁ%”?n%eﬂlggﬁfa%‘a Sécfi&agpé‘o mat t er

~where it is entered. El enent al so extracts user ta and applies this
10 data to GHRRSE Pfs theswqugaca hegdare e manynel beeably toydesodsuch as

t ihrre st anpsthewseblequéhe da{{aﬁe?ﬁﬁée%ﬂﬁﬂsﬁéhofpréfodmt dciéﬁ’bcc{ Ok &RePh | -
chrom nance_prepr gcessi ng; et her e qrigjnal sourc eri a s film
node or vi Jg%eﬁg%@yetpgwg% W@“ﬁf’olaéigol(’%%e‘?cﬂ&fi Siﬁ’ﬂggftd?'i’i’clgggi on of
t hese typesdafodingorshatilpnaftdevenerid® tinclmsnonitedd sdath isoleanmmagéd on
permts th [ esj gper. . I ncor porate special processing for
“particular e'é‘?‘g‘%gl %ﬁgsﬂaﬁg E{'ch?gby enhance the overall reproduction of

i mges. The user dat aElémenhclQfdedso nextracisi asgr tdasaspud tappidss thishen
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wi th the cdorgspeM@HIBntiaade: fadprocthang; wWhethd&! WPSoAkPn4lSdukde r ecei ver
apparat us tnqa Srial’ %%safilirr%a%(; € O(I).'f visde%n?no 24 re]:%chr On[lhzea&\}[gﬁ'(} protocol
~ does not support inclusion of these types of information. However
15 inclusion of such information permits the receiver designer to
incorporate special processing for particular signal types and
thereby enhance the overall reproduction of images. The user data
is included in auxiliary transport cells, when convenient. 7
Element 105 provides header identifying indicia to a
20 clock formatter 130. Clock formatter 130 includes a clock which is
sampled on the occurrence of certain header data to generate time
| stamps associated with the corresponding header data. These
) time stamps are used in receiver apparatus to provide a measure
of signal synchronization.
25 Data from elements 105, 110, 115 and 130 are coupled
to a cell formatter 120. Nominally formatter 120 receives data
from element 105, parses such data into cell length packages,
develops the appropriate video service transport headers
according to the protocol indicated in FIGURES 1 and 2,
30 concatenates the transport headers and the cell data, and couples
the transport cells to a cell buffer 140. However, -at the start of a
sequence of data, and periodically during the transmission of data,
“the . formatter is conditioned by the controller 125 to form and
transmit other data. This other data includes auxiliary -
'35 information such as time stamps from the clock formatter 130 for



25 Data fromelenents 105, 110, 115 and 130 are coupled to a cel

formatter 120.. Nomnally formatter 120 receives data from elenent 105,
parses such data into cell | engt h packages, devel ops the appropriate video
service transport headers according to the protocol indicated in FIGURES 1
and 2, 30 concatenates the transport headers and the cell data, and couples
t he transport cells to a cell buffer 140. However, -at the start of a
sequence of data, and periodically during the transm ssion of data, the.
formatter is conditioned by the controller 125 to formand transmt other
data. This other data includes auxiliaqy 35 information such as tine stanps
fromthe clock fornatﬁ .13Q for 1 d gnal synchronj zation, ,and redundant
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The cell formatter includes a continuity count in each
15 transport cell regardless of type. The continuity count, CC, is
incremented by one unit in successive cells and repeats modulo N,
where N may be a convenient binary number such as 16.

Two-tier _systems:
20 Operation of the transport encoder in a two-tier
system includes all functions described for a one-tier system, with
. the one-tier functions applied to the high priority or HP channel.
_,) ) In addition to the encoded video data provided at block 100, the
| priority processor (FIGURE 6), provides priority breakpoint data
25 which is stored in element 145. The breakpoint data is constant
over a slice of MPEG data.and indicates a threshold of what data
(codewords) are placed on the HP channel and what data are
placed on the LP chamnel. The priority breakpoint data is applied
to a switch 165 which compares the breakpoint information
30 stored in element 145 with the current codeword identity
provided by element 100, and supplies data -codewords to either
cell formatter 120 or cell formatter 160 for generation of either
HP or LP transport cells respectively.
' The element 105 provides header data to a functional
35 element 150 which develops entry-point definitions for both HP




. Iln addition to the encoded video data provided at block 100, the priority
processor (FIGJURE 6), provides priority breakpoint data 25 which is stored
in eleament 145. The breakpoint data is constant over a slice of MPEG dat a.
and indicates a threshold of what data (codewords) are placed on the HP
channel and what data are placed on the LP channel. The priority
breakpoint data is applied to a switch 165 which conpares the breakpoint
information 30 stored in elenment 145 with the current codeword identity
provi ded by el ement 100, and supplies data code-words to either cell
formatter 120 or cell formatter 160 f¢@r2 generation of either HP or LP
transport c res tinely. -The el enen 05 provides header data to a
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resetting thaffantii7Quifby d@uraunters (CC) and a cell count. It then checks
(852) for an auxilia(rg%#gata i_nteﬂr t. These ipterrupts all-ow the user to
i nter pose speci al i nf SHEESS © frgdiovebprirof HGHRE 8siths. contrafer
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type is cregﬁe usi ng_ t he sequence hea

Xt ia(r?JGE)nterrupt has occurred, an auxiliary cell is created (854)
and coupled to the rate buffer, and thc-auxiliary CC is .
15 incremented. If there is currently no channel space available, the
system is directed to access MPEG data (856).
' The MPEG data is checked for the occurrence of a
sequence header (858). If a sequence header is available, a basic
cell type is created (860) using the sequence header data. The
20 basic cell continuity counter is incremented (862) and the cell is
output (864) to the rate buffer. Following creation of the basic
) cell type with the sequence header data, N auxiliary type cells are
Lo created using the sequence header data. Here N is a small integer
| such as four. Each of the N auxiliary type cells are output, and the
25 auxiliary continuity count is incremented with the prodilction of
each cell.

o

Alternatively, if sequence header data is not available,

a test is performed to determine the occurrence of group of

picture (GOP) or picture (PICT) header data (870). If GOP/PICT
30 header data is available the cell count is réset (872) and a

redundant type cell is created with the GOP/PICT header data

(873). If space is available within the cell further MPEG data is

tncluded. The cell is output and the redundant cell continuity

count and the cell count are incremented. Note at tests 858 and
35 870 if sequence headers or GOP or PICT headers are available,



. 20 basic cell continuity counter is increnented (862) and the cell is
output (864) to the rate buffer. Following creation of the basic cell type
wi th the sequence header data, N auxiliary type cells are created using

t he Sequence header data. Here Nis a small integer such as four. Each of
the N auxiliary type cells are output, and the 25 auxiliary continuity
count is increnented with the production of each cell. Alternatively, if

sequence header data is not available, a test is performed to determ ne
the. occurrence of group of picture (GOP) or picture (PICT) header data
(870). If GOP/PICT 30 header data is;available the cell count is reset
(872) and a redundant type cell is Created with the GOP/ PICT header data
(873). 1f shpexeares storadl abl momaety relemencel 10 fort bes IMPEGrdaig i S :
i ncl uded. ; i ug,pu e dundant cell continuity count and

t he cell czgﬁ?&g?g F%ugehgn?gggqﬁg?éhg “tests 858 and 35 870 if sequence
headers or GOP or Pl & atetistr&/Qrthe scumrenth MPEGS datthdy rote GABAICT n nenory
el ement 11Geh@ér daea,i the eIl B t qel t ajedata. . |f at
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transport GQP/RICT HeaderAdnEr.l RHD Packet Contents class Basic Sequence
Header or GOP Header with MPEG dat Aux Redundant Sequence Header
Transnis%ion #1 ,
; H - Table I shows an exemplary sequence of transport
cells. )




. Aux , Redundant Sequence Header Transm ssion #2 Aux Redundant Sequence
Header Transni ssion #N Redundant Redundant GOP/ Pl CT ' Header + MPEG Dat a
Redundant Redundant GOP/ PI CT Header- + MPEG Data Basic MPEG Dat a Redundant
Redurtdant GOP/ PI CT Header + MPEG Data Basic MPEG Data Basi ¢ MPEG Dat a
Basi ¢ . MPEG Dat a Redundant Redundant GOP/ Pl CT Header + MPEG Data Basic
MPEG Data Basic (...a nunber of MPEG data packets)...) Basic Picture
Header within MPEG Data Redundant Redundant GOP/ PI CT Header + MPEG Dat a
Redundant Redundant GOP/ PI CT Header + MPEG Data Basic . MPEG Dat a
Redundant Redundant GOP/ PI CT Header MPEG Data Basic MPEG Data Basi c MPEG
Data Basic MPEG Data Redundant Reduhdlant GOP/ PI CT- Header + MPEG Dat a
Basic MPEG Data Basic (...a nunber of I\/PEG dat a packets .) Basic MPEG

Data 15 Imm viteo—data)—recessar-y—+o gcncw‘*" +he—sequence
of transpqrt cells shown in Table ITisBdedgrammkd into the cell forjmtter
e BT R L A S T
sequences {of trafddd¥t cellls, and responsive to the type of transpqrt cell
to be generat ed ‘5 opr| at rans'o}r{t headerGO d from
e.g., intpe oA
Aux _| Redundant Sequence Header Transmission #1
Aux Redundant Sequence ‘Header Transmission #2 |
. Aux ‘Redun'dant Sequence Header Transmission #N
R Redundant | Redundant GOP/PICT Header + MPEG Data
| Redundant | Redundant GOP/PICT Header + MPEG Data
Basic : _ MPEG Data
Redundant | Redundant GOP/PICT Header + MPEG Data
Basic _ | MPEG Data
Basic ' MPEG Data _
‘Basic . MPEG Data
Redundant Redundant GOP/PICT Header + MPEG Data
Basic MPEG Data
Basic | (...a number of MPEG data packets)...)
Basic Picture Header within MPEG Data
Redundant Redundant GOP/PICT Header + MPEG Data
Redundant Redundant GOP/PICT Header + MPEG Data
Basic. | MPEG Data
R_edundant Redundant GOP/PICT Header + MPEG Data
Basic ‘ MPEG Data |
Basic | MPEG Data
Basie MPEG Data ‘
Redundant Redundant GOP/PICT Header + MPEG Data
Basic | MPEG Data
Basic | (...a number of MPEG data packets...)
Basic | MPEG Data




. progr.amred sequence, the controller and cell formatter are 10 conditi oned
to process newy. occurring conpressed video data or stored header data.
Note, once the transport cell sequence is established, formng the

requl site transport cells involves sinply tinme division nultiplexing the .
rel evant data. FIGURE 9 is a block diagramof a typical transport 15
decoder. For one-tier transm ssion systenms, conponents 235-275 are not
included. For two-tier systens, all conponents in. FIGURE 9 are used. In
both one and two-tier systems, a cell Continuity Counter (CC) provides a
m ni mal indication of whether a cell, has been |lost or corrupted during
transm ssion. Additional |oss 20 ind% ations may be provided by error
detecting CRC or FECInfnooaion/ (eaegitngides rdaadi ABcERIPECL VEeAERRSPOT t
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data cont rgdeeidivdion ultiplexing the relevant data.
'FIGURE 9 is a block diagram- of a typical transport _

15 decoder. For one-tier transmission systems, components 235-275

| are not included. For two-tier systems, all comporients in FIGURE
9 are used. In both one and two-tier systems, a cell Continuity
Counter (CC) provides a minimal indication of whether a cell has
been lost or corrupted during transmission. Additional loss

20 indications may be provided by error detecting CRC or FEC
encoding/decoding surrounding respective transport cells. Only
errorless transport cells are delivered to the video decoder. The
video .transport decoder removes entry-point data and iranspore
header data from respective transport cells, decodes the entry and

25 transport header data, and responsive thereto provides data to
the MPEG decoder in a suitable format. If there is a cell
diséontinuity, the video transport decoder is conditioned to
initiate a sequence of resynchronizing tasks, as discussed below.

30 One-tier systems:

Transport cells are provided to the transport decoder
via a transport cell buffer 200. Programmed to respond to the
encoded protocol, a cell parser. 210 decodes the cell headers and
separates respective service types of data. Auxiliary user data is

35 dire(_:ted to and stored in a memory 215. Redundant MPEG



supply error tokens followed by the appropriate redundant data from
menori es 215 and 220, to condition the MPEG decoder to continue decoding
or resynchronize. 10 Two- tier systens: Qperation of the transport decoder
in atw-tier systemincludes all functions described for a one-tier
system with the one-tier functions applied to the HP channel. Wth a
two-tier 1 5 system a second streamof |low priority transport cells is
avai l able fromthe descranbler 19. These low priority transport cells are
applied to a cell parser 245 via a cell buffer 235. MPEG data fromthe LP
cell parser 245.is coupled to the MPEG decoder fromthe parser 245 via an
out put register 275. Both HP and LP 206cell parsers (210 and 245

respectivel r ipt gnd transport header data f.rom _
occurri ng.t?gﬂg%ﬁ qﬁéealcﬁgg ﬁ@PH egﬁ rS’Lf-"’“‘in?P‘i}uﬁ%t eaéﬁiés st ir¢SHefenori es
265 and 2700 edsestared| in a furthec ankniarys 226. i idoaatkty bycidtimg MPEGI ty
count the e oS i u I i f cell loss 1s LRpdicated
the entry p@?lﬁ{ (ggi:?gal%a;}? ?‘%?lﬁﬁ gggsyogr ggg%%ggot #% §‘é§’b‘écf?g}§ie(ﬁa?§8

at the nextiTogbcsbigh ¥ 5 eupplied dat the RAPEG rdeciodeper Baseddbhyanel enents 255

(LP), 2605 (irdicatns L6 cefisYorNiANFERiiAN 208! GndSthe TBRund Ry il ONi zat i on

| ogi c, duri a.resync: cycl in effect conditions the respective cell
parsers to gslgf?)(} dﬁ"scfﬁ?'al%at 2'290 tﬁﬁ éﬁ&ﬁ‘?fdfb‘ﬁi sata W%ﬁuﬁhe?%gf wéH apply the
next isucces&ﬂp;dydm?ort ctokeml redleweds ba7heorp B@pliiﬁtea%ﬂﬂﬂﬂhﬁg_edaﬁor ]
exanple, a : k r r esy.nc | to copdition. the
cel |- par.serﬁgﬁgt‘%mf) g%? '.%)gvg?dm ?(? ncqqféuﬁé'x?@egm%c&%‘io t f9

posi ti oned GANtiHEE eq_iﬂqqtﬁpgi or ofsyrivdtronesd.l desi gnated by the transport
header. f{hen data at that HP 35 entry-point is provided to output register

230. An LP.gell l.oss 17 would require the resync logic 250 to request cell
parser 245 ﬁé’i‘—j—gﬁﬁwﬁﬂﬁ;next ‘entry-point that is ahead of or equal to -
the HP “entry-point. OpémtRIPSTIRE! rahSPoRNUEYoBY Th LS theflefOUP! ed to
system includes all functions described for a one-tier system, with
the one-tier functions applied to the HP channel. With a two-tier
15 system, a second swream of low priority transport cells is -
available from the descrambler 19, Thesé¢ low priority transport
cells are applied to-a cell .parser 245 via a cell buffer 235. MPEG
data from the LP cclA[‘p‘arser- 245 is coupled to the MPEG decoder
from the parser 245 via am output register 275. Both HP and LP
20 cell parsers (210 and 245 respectively), extract entry point and
transport header data from .occurring transport cells. The HP and
LP entry data are stored in memories 265 and 270 respectively
If no cell loss is indicated by the continuity count the entry data is
subsequently discarded. If cell loss is indicated the entry point
25 data is utilized to re-enter the respective data streams at the next
decodable ‘piece of data. Re-entry is performed by elements 255
(LP), 260 (HP) and the resynchronization logic 250. The |
‘resynchronization logic, during a resync cycle, in effect conditions
the respective cell parsers to skip/discard data to an entry point,
. 30 and thereafter apply the next successive data to the registers 275
ot 230 as appropriate. For example, a HP cell loss would require
resync logic 250 to condition .the cell parser 210 to skip over bits
in the next good packet until positioned at the entry-point of that
_ .ccﬂ designated by the transport header. Then data at that HP
.35 entry-point is provided to output register 230. An LP. cell loss.

streams .



. the register 275. 5 FIGURE 10 shows a typical transport decoder algorithm
for a one-tier video system This algorithmincludes an initialization
sequence (300), and functions to process each packet (beginning at 400).
Thi s exanpl e assunes a particular retransm ssion policy for redundant
Sequence Layer, and 10 redundant GOP+PI CT headers: Redundant GOP+PI CT
headers are transmtted on any frame; redundant Sequence. Layer, and
redundant GOP+PI CT headers are transmitted only in | frames, and when

redundant GOP+PI CT headers are transmtted during an | frame, they have
second priori ty to Redundant Sequence; 45 Headers. The initialization
sequence 300, %6301 302) two fIa whi ch control waiting for

r edundant YIEe (the résyEes fegic %rSQt &eotequest getlf @Ias@rsﬂéﬁetd
Initializat ympathh@r AEKIC 88 ryl 30k aﬁa?rlrsoéh&qﬂ%ft 8r terﬂﬁlaVPt'c::G SO

t hat ‘the MP 20 decod s conditioned to walt next start code
when decodlgﬁg r%@ﬂ'ﬁe 6‘56? SHRPFMGHn this  eRY] é’loi“t[aﬁ o(il‘ieﬂt seupiest dm begi ns

(400) the phocegEiteg 2@5pective transport cells. In thi's exanple, there

are threegpossible pr g s_dependent on the,state of 25 the
Header Desi gnat or (H ?YI n tﬁ Ibeg QWP & et YPIFeL “JI%BFp%fl 9 (Aux cells),

processi ng PeEGTHamtfogei shoniant aideq 538)emf orThislDalgepithnl aBhsdes aal | s),
processi ng hﬂﬁlaﬁiaﬁbnd%%ééﬁb 5@3@9 (aanio)fun@ﬁggg 0 d]i‘ JQ/SD?‘?%E( ?ﬁgggpant

Cell s), progessi nﬁ} eag at decis st age &P for
| ost ceII SIRNANG, alt @l}ls@ﬂss@@?gépko a(Sﬁw)BSbéfmmq@ﬂm:esm ng of the

I\/PEG data celttnsoeigsivn a4 nht&r r@aﬁghaﬂﬂdSé@%Hce fl& térr cell Che AUX
cessi re e s done on the
ader r‘g.%ﬁg‘{‘g?‘“ﬁa%ﬁ?’c t‘ﬁ(ﬁn eadiEs:; dgx%ii“flgaﬂ% PEICTs tgpdershaset hi s

cel | cont aitngngmitkedi bhaapyl8rardef arediu@dant aSQqﬁétﬁ:&idydrs prgcessed at

function (Sdahindhhe BOEBICT headers are transmitied only in I frames,
and when redundant GOP+PICT headers are transmitted durmg an

[ frame, they have second priority to Redundant Sequence
15 Headers. :

The initialization sequence 300, sets (301 302) two
flags, which control waiting for redundant MPEG data in the
transpott protocol, to a "false state.”. [Initialization also produces
(303) an error code to the MPEG decoder, so that the MPEG

20 decoder is conditioned to wait for the next start-code when
decoding resumes.

On completion of initialization, the system begins (400)
the processing respective transport cells. In this example, there
are three possible processing paths dependent upon the state of

25 the Header Designator (HD) in the respective cell. For HD type O
(Aux cells), processing begins at decision stage (500), for. HD type
I (Basic cells), processing begins at decision stage (700), and for
HD Type 2 (Redundant Cells), processing begins at decision stage
(800). There is a check for lost cell continuity at decision stage

30 (600) before processing of the MPEG data cells begins at points
(700) and (800).

"Auxiliary cell processing begins at decision stage
(500). Here a test is done on the AUX Header Designator Identity.
If the identity is O (test 510), then this cell contains an auxiliary



. (:510), ‘the ldentity is not 0, then a test (520) is enployed to determ ne
I f the decoder is waiting to recover redundant Sequence Header

inforpation. If not, the algorithmproceeds to 5 the next packet at (400).
| f a Sequence Header is needed, and this cell marks the start of a
Sequence Header (test 530), then the decoder initializes the processing of
this header (535), checks to see if processing is conpleted at test (560),
(for the case where all Sequence Header data was contained in one packet),
and if so, sets 10 the waiting-flag to false, outputs the header (570), and
then provides another error token (51%. This error token conditions the

MPEG decoder 4 e tart roce sin a new__entry-point.

During t he caat tguglemﬁ# Qﬁl{!ru&'t 'c§ePF %e’ﬁu loq-iééélé} If @melest on t he

cel | conti nditl{); §h9efd€t§lrttt§dls( 514#))0 thert hertestlbsltﬁs ibegfipRyedsse the

Sequence He S e el se data i tracted fromthe
N AALCAIRE Ao derdR3Cls (‘ézfﬁéﬁgqtfgné‘éc%dé?é‘(%é Ther eaft er

AUX cel | toescontl nuell_g3 ocessi ng of
t he sequenc adggainfoematived fUr nounﬂh@t&lge&ssth@@a:cc@st Qoe I\/PEG

data packet ghargextspdckadt Gedon)s Trdg S«%@Jg(n?gog)c%?ér lgsﬁqﬁg%gtl nu(i)até} and a

there is a 1%? an error code |s provi

check is m {( SIS 1hs Hattepf y Secisncer Header f(testnS30),r hen fths been

started dur|d|¢godthanlinahzc£(1hbrEi'ocfdséﬂfg Yfe st h&ﬁd&% gﬁﬂ ég&%testtggg)fog

redundant Mg ket is

check is magg ig??g(%{et%(gl%tlér?ﬁrﬁg ‘{) tHet ‘Eﬁéc&@r » (o5 the %45& avhaet alg for
L edgndant Uhc;@pﬁlppme hdeades datd Oyas | dorithiriesl ?@toml alcltgt)f Oe{nd ri¢dg dadis .
eaders, | or ecoder . t he
detoder is \%\ﬁﬁ%ﬂf% %dﬂuné Iﬂ h‘%@hgﬁ ‘g‘ g%‘i eéE‘?% Al fg‘?f‘rﬁed (720) to
det erm ne |Pr?‘ﬁ'@eéu?ﬁ@H%el"c@Htha@kttIhe(57riéede’ﬂhiseadmr eobar desshdicionse MPEG

Th i 32 b
of the col | s a e doder R, iepSied % RRCRiRRsng ATA IS Manre to

of the cell |t(s§ a_ NPEG [?S]tart e need
the MPEG d&RTHAOWE 1 hiltvEiAg captieani a mukipldecedlicAUX% Sequémg for a

Header, a check on the cell continuity is performed (540). If there

15 has been a loss, the Sequence Header processing is reset (545),
else data is extracted from the AUX cell to continue processing of
the Sequence Header (550). Thereafter the sequence header is
again checked for completeness (560).

Before MPEG data packets are used, a check is made
20 (600) tor lost continuity. If there is a loss, an error code is
provided (605) to the MPEG decoder and a check is made (610)
for entering a new frame. If a new frame has been started during
the loss, control flags are set true (615, 620) waitmg for
redundant MPEG headers.

25 - If the packet is a Basic cell type (test 700), a check is
made (710) to determine if the decoder is in a state waiting for
redundant GOP+PICT headers (710). If it is not waiting for

. redundant headers, the MPEG data cell is forwarded (715) to the
MPEG decoder. If the decoder is waiting for redundant headers, a

30 check is performed (720) to determine if the current cell has the
needed header embedded in the MPEG stream. The start of all
frames is cell aligned, so if the first 32 bits 6{ the cell is a MPEG
start code, the needed headers will be available to the MPEG
decoder within the MPEG stream. If the decoder is waiting for a -



19 redundant header, and it is not enbedded, then the good packet is

ski pped (725). If the decoder is waiting for a redundant header, and-it is
enbedded, the control flags waiting for redundant headers are set fal se,
and the packet is forwarded (730) to the 5 MPEG decoder. If the cell is a
Redundant cell type (test 800), and the transport decoder IS not waiting
for redundant .information ( 810), the redundant data is skipped (815), and
the remaining data in this cell is forwarded to the MPEG decoder. If the
cell is a 10 Redundant cell type (test 800), and the transport decoder is
wai ting for redundant information (test 810), the control flags waiting
for redundant headers are set false, lthe redundant header information from
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respecti 5eMB sdecadmat hod for segnenting said conpressed video signal
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waiting for redundant headers are set false, the redundant header
information from this cell is forwarded (820) to the MPEG
decoder, followed by an error token (825), so that the MPEG

15 decoder will look for the next start-code when decoding resumes.
And finally the MPEG data of this packet is -extracted and _
forwarded (830) to the MPEG decoder. "



predet erm ned nunber of bits; formng a service |layer fromone of said
plurality of alternative data formats, which service |ayer may include at
| east one of said payl oads; and concatenating said |link |ayer header, said
transport | ayer header and said service |ayer for conveyance. 2. The

met hod set forth in claiml1, wherein the step of formng said |link |ayer
header further includes providing two data fields relating to whether data
is scranmbled, the first of which indiegtes whether or not data is
scranbl ed and the second of which indicates alternative scranbling keys.
3. The method set forth in claim1 or 2, wherein the step of form ng said
link |ayeglatwpaader further includes formng a header data field, different
froma service identification data field and containing a bit which

i ndi cates the ofcadigiist ¥idsp teanspyissint sysieRdar (Y&ﬂﬁmﬂtﬂwﬂ'ﬂ?@ﬁ\ﬁoﬂ‘rﬂr #s9eHe

cor r espondvidép Sighdll ipelutigelbyeréd dE® hERHEAfbagBls EtthiRingdARXeRBRptRE dihe
precedi ng ¢ rein té_fo ormng a service |ayer further

| ai n5, whe sj ep of
conpri ses rieﬁeﬁagr}&enlaygrsf & PR ddét’ﬂ'éeﬂmnanﬁkﬁaé‘ﬁ CPRWT essessvide Signahide of
bytes of ararspdet aslig negheiclipe tiahspart aelld Contdsingi thidenptde | |@@dhs; gdid 5. The
met hod set %‘ﬁé@h rjnn.an one of the preceding clains, wherein the step of
form ng a'® ¢ 'I)ri'ﬂg\‘( conprises formng a service |ayer of one of an
auxi | iary and aprotidiag said epmpossédvided sigal; The net hod set forth in any one

f th di i | f ok i id. ) inpk. | ayer
header Furt her ORnaEn 406 Reet [t EBlPortbast L O RS e Bing ¥ i cn
exhi bi t s aservierfioswhi¢tothe sideasigneliaita beapplied; a predet er mi ned signal  boundary
wthin the corigRiied des FaNifcR fadheadlr inbRRIMIPL OARRY dOHE Bl iny one
of the preceding clains, wherein the step of mng a service layer
conpr i ses:SeRdeRFRAdicHANC: Waich jnseeraents inpucssssive roRporistelinaandcadeats frld i n
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respective payloads; formng a service |ayer I'ncludes a data
field to i"BeRfCHYSSEPdrRla¥§ipe of conpressed video signal in a respective

payl oad, and a d#adiAg fdahl dofipBsedvides fnat liReasdyiitels Off K& TRaad Wansai d
entry points. 8. Iil'ﬁfae thoﬂ set forth in any one of the preceding clains,
wher ei n t HEegterp nqr"‘?}?er’no WSsai d service layer further includes:

forming a service layer from one of said plurality of alternative data formats,

which service layer may include at least one of said payloads; and
concatenating said link layer header, said transport layer header and said
service layer for conveyance.

2. The method set forth in claim 1, wherein the step of forming said link layer
header further includes providing two data fields relating to whether data is
scrambled, the first of which indicates whether or not data is scrambled and the
second of which indicates alternative scrambling keys.

3. The method set forth in claim 1 or 2, wherein the step of forming said link
layer header further includes forming a header data field, different from a service
identification data field and containing a bit which indicates the occurrence of a
predetermined data boundary within the corresponding service layer.

4, The method set forth in any one of the preceding claims, wherein the step of
forming a service layer further comprises including a further data field which indicates
the number of bytes of a predetermined type of data included within a payload.



form ng auxiliary pack respectively including auxiliary data and auxiliary
data identifiers; and concatenating a variable number of said auxiliary
packs to formsaid service layer. 9. The nethod set forth in any one of
the preceding clainms, wherein the step of formng said transport |ayer
header further conprises including a field having a bit which indicates

t he occurrence of one of a first sequence header of a GOP, ‘the start of a
B-Frame, and the start of a P-Franme w thigy respective service |ayers.
METHOD FOR FORMATTI NG TRANSPORT CELLS FOR CONVEYI NG COVMPRESSED VI DEO DATA
Abstract of the Disclosure A digital conpressed video signal transm ssion

tem inclsgudes t F Jor se nt i.n 05, 115)
(S:grsrp(raessed dgéjlt a i@teom??gﬁggg?ﬁﬁgg I saiepéf t%é;%rﬁééﬁj*égleaﬁsg%?'Bmél%eBB%t i ons
of ‘the conpr¥gYRga galvicedayericomprsesiorminy® sPdcdRSYr ofrane ofinrdukiiarytandns por t

cel I's, whi clpggidr fbhgsport cells are interspersed with nornally
occurring- traalﬁss%@ﬁe cerﬁélﬁ's. The further transport cells include redundant

video signal data which may be wutilized to resynchronize a conpressed
video si gnals, decqgimeéthb® set 8RR iPanf 8h& UP{h'e%r}ec%fdh%gr&gﬁnrg, AR ?};[eas'tép of 9 2
forming said link layer header further includes forming a header data field containing
a bit which exhibits an indication of an occurrence of a predetermined signal
boundary within the comesponding service layer.

7. The method set forth in any one of the preceding claims, wherein the step of
forming a service layer comprises:
determining the type of compressed video signal contained in respective
payloads and the location of decoding entry points within respective payloads;
forming a service layer header which includes a data field to identify said type
of compressed video signal in a respective payload, and a data field descriptive of
locations of respective said entry points.

8. The method set forth in any one of the preceding claims, wherein the step of
 forming said service layer further includes:
forming auxiliary pack respectively including auxiliary data and auxiliary data
identifieré; and
concatenating a variable number of said auxiliary packs to form said service
layer.

9. The method set forth in any one of the preceding claims, wherein the step of
forming said transport layer header further comprises including a field having a bit
which indicates the occurrence of one of a first sequence header of a GOP, the start
-of a B-Frame, and the start of a P-Frame within respective service layers.






