-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
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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 interframe 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



| ayer, is a group of pictures, GOP header which include a start code, a
tinme code, a closed GOP flag, a broken link flag and extension 3 5 data.
The next layer includes a picture start code and picture header. The

pi cture (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. Followng the slice 5 layer is the macrobl ock | ayer which includes a
start code and header data. The macr @bl ock header data includes
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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 lmmcdlately 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



design goals of ADITV is to deliver high-quality and robust digital HDTV
service for terrestrial sinulcast transm ssion. The ADTV 30 system uses
MPEG conpression to permt transm ssion of HDTV signals within a 6-Vhz
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
augnentation includes the prioritization of MPEG data into a two 3 tier
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compressed video signal into transport cells, respective transport cells

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




| ayer fromone of said plurality of alternative data formats, which service
| ayer may include at | east one of said payl oads; and concatenati ng said
link |ayer header, said transport |ayer header and said service |layer for
conveyance. Enbodi ments of the present invention involve a transport
protocol for arranging hierarchically formatted conpressed video data for
robust transm ssion in noisy comruni cation 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 exenplar%aenbodinent, the Prefix may consi st
of four bits of 3a control information and twelve bits for service channel
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represent ghiQplek P beAVERA 12Bularly 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.



- entry-point concept utilized for fast re-entry into .the conpressed data
stream FIGURE 5 is a schematic representation of the entry- 5 point data
in two-tier transm ssion systens. FIGURE 6.-is a system | evel block diagram
identifying the transport encoder and decoder in the total system FIGURE
7 is a-block diagramof a typical transport encoder. 10 FIGURE 8'is a '
fl owchart representing operation of the transport. encoder. FIGURE 9 is a
bl ock .di agram of a typical transport decoder. FIGURES | OA and | OB are a
flowchart of operation of 1 5 the - transport decoder of a one-tier video
system Detailed Description The trangport protocol of the present
invention includes, three data protocol layers; a link |ayer; a transport
| ayer; 20 and a,serﬁﬁééuiﬁyérﬁ Phechematicayepresentaticanglastrating aar vi ce

i ndependenéntrwhndiat t ben&SHVitRie rag CicfkC . i ce"
refers to (%hey"lltm‘;IJ e of J?ﬁg beiﬁgﬁgﬁgﬁsﬁéﬁizg‘¥ﬁfg ﬁggrgﬁéquﬁmFPgﬁgport

cel |, e.g},a%hd%geﬁ@ta, video data, auxiliary data etc. 25 The link |ayer

conpri ses a Prefix bFIGURE! Sialsl v teRemaiighteptbiediution) ophiteh er@Rtai n
several 4 II{’)& i ay&la Cant Lol Al a?r} as.. well as channel identifiers”or nmany
di fferent Wideo, “audio and CHat@reENGrO8s SYEIREYRE | shows the | ogical
structure of a transBHsURIKe$ |isi adsysaemnievdiebloeikadinnakm Adeatitk@g t he
Prefix an h ri.. B k desi. gnat P B, CF,. and CS are
all one biqthE 32@%8%?%?@3#%%@%3?%@%& %P% s‘%@eay?%"a' two tier system
to identify whet herFYGERE ahdpot thibtbokiagrarhudfs kypicabrtramspapti ority
data (I =HRndFd&).. and is used in a one tier systemfor cell fram ng by

toggl i i n successi |1s. The designator, BB defines
- 99 1% #(Ierﬁié 8 is a flowchart representing 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 .



- 35 a bundl e boundary and is set to a "1" value only for the first cell 5

of respective bundles. The designator, CF, is a control flag used to
indicate a scranbling state. CSis a control sync bit which toggles wth
each scranbl e key change. The designation SCID is a twelve bit word which
Is S used to identify service types. A SCID value of zero is reserved for
nul | packets, and the value 4095 is reserved for future definition. The
remai ni ng 4094 SLID val ues are available for defining various service
types. FIGURE 2 illustrates the Video Transport Layer which 10 is an
exanmpl e of one of many possible Transgort Layer formats. Every service
type can have a specific Transport Block format. This description pertains
to MPEG en®bd€dperdee fuadlssor tThesdesignator, KIBURE 22 conowd flhg hwgi cal

structure ¢fdieatd anseihbliRko Thegfid st & t hdgo trapsport

| ayer cont ai.ﬁi aéiebit 1 Ic n%t!é%eui [gscgugt%éﬁ%&)sgh$hﬁl§ %’83‘2‘{ dPBRISr enent s
by one for wé. heaqdh| fCrapdte nkey eghange.j s service dependent and priority
dependent, i.e.,. sepEiaidesiaisticy SCATE 58 THRINEDif AoRAIhRE! Y§t ce

i dentity aﬂgle f.or .(iacﬂctransm ssion pr,i ]i tier. The value of the

cont i nui'?y et BYUh SEEYIEP oh¥P§S 1 hl%féﬁ:llt svalugeok #6r9 nigi tspeEveht 20
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di scont i nuj bk he ' N es.either errors i recei ved
data or a nggiﬁ?ﬁbor}{ﬁ%@ﬁgr%mbgﬂ g@ tYalHps rarey f‘%‘i’i‘)@ﬁ ?%r vice. The

next fiel dd@ﬁ‘ng:p@ YaBeyst senelgor typetyer contains a 25 4-bit Header
RS G, 1 O e ey e LATRE e
(field. FBr § ﬁ@ gﬁagg) Gy gf,swmﬂ_gy@m pqgmhl;zp_é‘satmpor__t Layerd fGrmats. used to
Ser vi ce nggtﬂd@ﬁrg&é 0 S st TSt Back oA, et S wi e
NON MPEG pertains to encoded Video Transport
B 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
(__ 2 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



: nt data. The latter two types are non standard forns of ) _
{rsgﬁggﬁti ng MPEG data, and are included for conpleteness. The type "Basic
Servi ce Packets" is the only type identified which includes I\/P'I'EG data in
standard formal beit segnmented in 3 5 transport cells The type "Auxiliary
Packets" in general i$ not an 6 MPEG signal though in this application it
is used to transmt redundant MPEG header data. Nom nally the Auxiliary
Packets are used to transmt auxiliary data such as closed captioning
data, for exanple. 5 The HD identity values define subsets of the HD
types. One HD type/identity value combination (0/0) indicates an
Auxi l i ary Group cell, and its contents are defined in FIGURE 3. The
fields of ﬁ&?ﬁ@ afignahtthough| in shis appheauumfcm?lrgbléa?u tofti h@,hgﬁﬁf: ﬂ?ggl l>3<it

it CFis ; BT h) p i efiined with. -
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ginghrom ze the two %\Hﬁr ityexaluespdefing sulisets @bt theb Dk sypes. segnent
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once per frHRE. ’ y :
Basic Service packets are used to carry most of the
MPEG encoded data. Two-tier basic service packets include entry-
15 point data to synchronize the two data streams. Entry-points '
allow 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)---.

k4



. Both the franme type and the frane nunber assist decoder synchronization of
the two-tier data streans. The slice and nmacroblock identities are unique
over the frane, and specify the 30 entry-point position wthout decoding
the MPEG data stream \Wile having one entry-point per cell is a design
goal, there is a wde range of data per slice dependent upon the priority
channel and frame type. For further information on entry point processes,
see U S. Patent No. ---(RCA 86,317A - allowed)---. 7 Two nethods of
carrying redundant MPEG data in the Transport Block nmay be utilized. One
nmet hod uses a specific Auxiliary Packet to carry a copy of the MPEG
sequence Header (V\/m h coul?| span mui ti ple packets). The second net hod
uses a 5 nodification WP thethedsi ef aryying Tedunpntt MPBEK dasa ciar rthe a copy

of MPEG Gdﬁpnoﬁoﬂl Blotlesma@OoB: TRAded. ar@iﬂePl ggb %ﬂ%r spbbifid nformation

cont ai ned 'A‘ )El;%r g g service | ayer is eo encoder (and
the priority procdss8r<in'd ey ¢ip s§)§t %E@ Lsesucmérl@ad«r ---(RCA
86, 317A - éwfumbdt)euldlﬂphnrnmld@ﬂ@llhzﬁiked@scr'rmlmogﬂ Qnémgdt 6&s System
Speci fi c &f S Yre r gyl red en _encogi n he Video Transport
Bl ock am;lj g‘?g&gﬁd 3k r?els6 f ﬁ}ea E?asrng geﬁyllf)cgl' SRorty! l%ék HE® GRFIYDALFPPY i s

t oggl ed on % hMPE rﬁrogpqgérfhetdreadé}OBD Heﬁa? atdPistaret H&fadér B-Frame, 15

and the start of a P-Aqja d _at_ the be n| ng.of a GOP
(assuming COP ﬁ@ ps [;vE\n[t hmanélﬂﬁmaﬁr%"ltafn% tth% é’b‘?‘ﬁ fhi SRy @é edtive
successi ve SPPR g A thysyidegeenceder (andsper tpri:dmtgrk processori in usatven 20

rames.  CRdingan). b 1 oancacrt Mook REAORTTAL S MBRERZA o1 ¢ ne
(" Basi ¢ é@r e ‘ﬁé?lﬁr%‘?a‘%ﬁctrﬂg‘% in@ two tier System. |
' Specific formatting rules are required when encoding
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
(5 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:



. 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 tines per frane.
- The redundant transmi ssions of the MPEG Sequence header are carried as
"Auxiliary Packets" at an interval of 5 to 30 per second. 30 FIGURE 6 is a
bl ock di agram of 'MPEG encodi ng apparatus including a transport encoder
according to the present invention. The transport encoder takes a MPEG
data streamand attaches a protocol which: 8 A lows a transport decoder
to detect missing or invalid data; Ofers redundant transm ssion of
critical data; and -lIndicates data rgentry points to restart MPEG 5
decoding. Input to the transport encoder 12 is either directly from an
MPEG encoder 10 (for -Albmes ta eransporsndasiden &y de@ddt @nissiigopra MPEG
priority processor 11.(f% b %Ia%' tier transmssion system. In two tier
systems, two separate _data patfs are used, 10 one for high-priority (HP)
and one for ‘| ow pri orfXfers.ppdumdant TYEEIISIIIIIISS[QI;I tof mnaﬁﬂsdla.targ.ramti?rsmrqate
buf fer fullness, and.g e rdaQp i1y - hE I nt i cate where
in the,dglta streamd tﬁgﬂ%%%%sglalta? Hgg{'%,ﬁ&e.?%ﬁ% I%g %ﬁ?%%ﬁ?pat hs for each
slice of ’MPEG dat a. 9¢6@dbRBakpoi nt data, along with the MPEG encoded dat a
is 15 the input datalfputhe Ttﬁ@.-rﬁﬂﬁ)gﬁor@neﬁ)&%‘%lg.z IYEEgithqum)é ~arrive at
the input gf the tyr ort e(Pcogﬁr fIag ed Wt ata wor, | 'eng i ndicia
and data tﬁﬁ@i%i@‘?e?@?? §fedHeffonat OnGdisTofangaussips, systeaYes cosi ne
transf or m roei fa MPEG ptiority Prdoesidieri 1 ifRua twot H@rtﬁrﬁl{?ﬁgfk{sgorﬁgﬁlogi j”S]e
D ool \‘jg‘r’ %ﬁg@ﬁé%ﬂﬁg&“ﬁ@sy&%&*}' BwS' S5parhte ' dhE" Bna" Sre tived :
" 10 one for high-priority (HP) and one for low-priority (LP) data. The

priority processor monitors rate buffer fullness, and generates
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.
Qutput 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



. S0 decoder rate buffers do not overflow or underflow Qutput fromthe
transport encoder 12 is sent to a service multiplexer and rate buffer 15
via a data scranbling nechanism 14. The nultiplexer 15 interl eaves data
from-25 different service sources. The output fromthe nmultiplexer 15 is
applied to the comruni cati ons channel via a transmtter 16. A transport
decoder 20 receives cells fromthe conmmunication channel receiver 17 via
the service demultiplexer and rate buffer 18. The demnultipl exer responsive
to the data in 30 the service type field of the transport cell header,
separates data of different service fypes, and applies the separated data
types to the appropriate processing Circuitry. Video output data fromthe
demul tipl'exé, itk sepphed theadededamafbimr sd@iodhi ddiapantionpplias the

descranbl i Rg.§;idRC n ), C nygrse to the scranbling function 3 5 of
el enent 14@ Ibelggrahgﬁ tﬁh% {’]%dq%slra%gl led to a transport decoder 9 20, whi ch

separ at es header dat Orivh §mei the daamsportl dgnsidess20hprovigtesi betilata to a
- decoder 224 Q&ﬁ%l&ckOWBIPQ‘ofrr hlﬁﬁgoﬁ% r%@cngfe?vidjetﬁ eboth a system

clock (21) or s¥nchron|z|n the recel ve transmttin ser_w ce,

and a dataFRSHPRENE nieTviess aed oy atEZPaﬂWt?hﬂW MBEG despder décoder,

error chech¥ithie ﬂﬁﬂ"ft@iiﬂi@ibr'todeﬁﬁi@r NefBr WOIddIa! afe CpEHoPRRGDGAN | oSt or
i ncl udes ent e is mni.tored to detﬁrmnelf

S.. For

respective e%.rgﬁlé‘ﬁor"fhe%ﬁ 4 &?Uu aFCg‘E)‘?‘bg@Ft QLqtnsledes &IFQrse r ahi€Port cel |'s
for 10 whi emantpley rtbesCé]’ eodet ectradnitbeediabi deteethin® ifhecdfecwvdecoder. The
transport oi nt a,fromthe S ort
bl ock, decglgi g?ﬁl §8(?qu]‘ éhdsﬁﬁg ﬁ?‘i De@"‘%etmwtd‘é‘é@ Iin a
(sui t abl &0f @\rhrmh an em@s caries datesetd zttlcsdohtvermi tty, thet MPBE@edetodsrs por t
‘decoder ISTQ{COQ{- t | a n clp g tasks,
as di scussed belo E C%I—%l(—_)ak}} ﬁ}@sbloggﬁéﬁ | a%\rt% oin aﬁaﬂ (ﬁplt ?ié%sport

transport ‘block, decodes this header, and presents ata 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.

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.



encoder. For one-tier transm ssion systens, conponents 145-170 are not

I ncl uded. For two-tier systens, all conponents in FIGURE O 7 are used. 20
One-ti.er systens: Encoded vi deo codewords, and corresponding codeword
identifying indicia related to codeword type, and codeword length arrive
at the transport encoder fromthe video 2 5 encoder 100. El enent 105,°
responsive to the identifying indicia captures and stores certain of the
header information in a nenory elenent 110. Data stored in elenment 110
will be included in the transnmtted data a plurality of tines to provide a
degree of information redundancy. Thel data sel ected for 30 redundant

transm ssion generall yj | nce ader .d ta, and
Picture header (PICT) Négﬁgrl_a'_fg&fa gsggﬂﬂg?%unﬁ“ yhg{cég‘?%a%elﬁge‘ﬂﬁﬁggﬁe undant
data is thatQRita deewubiagyof dransoniticdi MPEG NP@Grefpuoiense cofoelt n decodi ng
a data streamuihicennelids: RERR. M Crtid uakr OLARE fAETuHeNGaRLOIFRH BRe Of 2 data
- sequence. 10 Nom nally a sequence may I nclude a [arge nunber of %IP S.
Decodi ng of °¢GHREHEE tfd tMPEssaugnse r Beddareshaigraypinehde gblrudacdesedgier

data. If 5héheusebsegaest idita. t "Ehdat@AndpbA prBfocCEYSEEREE Réreile sequence
header, he ma no(iJ be able to decode 5 he.Eubse ent . data. ghet ansport
prot ocol deSTFRBEHYhAQVIIes isaeBEry 2phoVthess “é"géﬁ nd&¢3dfb Seterfofeeded
header dat addardingechditly afiert eptaiagr tenteansigittdie datansmeahednoat a

stream no r e.it:- is | red. Elenent 105 al so extracts user data
~and appl ies'gtameg %?éafﬂa 1{;03%?@% ry 115. User data may be of many

different types suchEkementel 3% aips; extrectsensthelatanyet apidsn thisl or or
ok R QIO EGERIESnESET LSRR iy ML AR APy oo
such as time stamps; whether the images are in color or not; the
form of chrominance preprocessing; whether the original source
material was film mode or video mode etc.. The MPEG 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



does .not support inclusion of these types of information. However 15

I ncl usion of such information permts the receiver designer to incorporate
speci al processing for particular signal types and thereby enhance the
overall reproduction of inages. The user data is included in auxiliary
transport cells, when convenient. Elenment 105 provi des header identifying
indicia to a 20 clock formatter 130. C ock formatter 130 includes a clock
which is sanpled on the occurrence of certain header data to generate tine
stanps associated with the correspondi ng header data. These tinme stanps
are used in receiver apparatus to proyide a neasure of signa

synchroni zat i on., 25 ta.framelenpnts 105, 110,,115 and 130 are coupl ed
to a cell forghelt éY"%@qlzﬂBﬁf‘na‘F‘P ?Wﬂérﬁflwrré'éé@v%@r%tﬁ‘ from

el enent 105megmapsesehmbndal#0i nto cell |ength packages, devel ops the
appropriate video servi e iran rt aders according to,the ot ocol
i ndi cated in FI GURES ﬁ%’ﬁ#ﬁﬁl ég&c&ﬁrggt @ﬁ%t%@etrﬁ@d?raéngﬁﬁ?l?&]h ers and the
cel | data, #Hidudedpineghetdatat sansmovcharelspace dsaavaillablbuf fHEratlé). However,
-at the staphxAf ds e riqed calil i

sitlarg, JABHRIRS pody A dnudEa R ilEh P B0 00T 0 o 125

transm ssiorhof dat a, er 1's conditione
the dg

o
to form and ds @it Bodiedd drtaa. Omitbeoother Mchremiamsdmxm fery 35

i nf or mat i ontifel (oSS phitMen e RIAREd  bATY thikh Cf Frkd Q{d%t.fd%ia.13fi‘hifrisll si gnal
synchroni zaj i on dundant, eag r data stored Jjn nenpry el enment 110.

and r e .
Auxi | i ary d3peAusE ch%f@ggéﬂiei’ dd3e mRetestaghwith an Jadeldn AL data
st ream whenotipactields afaMPBBGe datdadrei predicavei dndirdepdada fesh! b fids be

i.nterle it ' d i n,any._ of . the P,or Bfield data. ,On the
brher nab8OTRE Rl O bR 'R AL b Hhcluddd M BeguBrl SBhfed it h
field videolndenvals Ton sisi datdbepacseisdacailablg biit vivithoatldeastmasteghiart with

an 1 11 el d nhdmuft NRENSi8hI5E GaliPFS HAE" EnigH! ibliGaABH fgpend from
' " indicate decoding. - |

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




. 10 The redundant data cells may be included at regularly spaced intervals
or as ‘data space is available but wwth at least a certain m ninmum
inclusion of data to provide enough information to. indicate decoding. The
cell formatter includes a continuity count in each 15 transport cel
regardl ess of type. The continuity count, CC, is increnented by one unit

I n successive cells and repeats nodulo N, where N nay be a conveni ent '
bi nary nunber such as 16. Two-tier systens: 20 Operation of the transport
encoder in a two-tier systemincludes all functions described for a
one-tier system with the one-tier fgrctions applied to the high priority

or HP chann it4on to the encod vi deo data provided at bl ock
100, the p(raAl ori & %ﬂgte@g%ﬁﬁ CRIEURO8Y ‘f‘%}‘b‘%oﬁésaf?rlsé?ﬁ@ 19 €BK¥oi nt  dat a

25 which i s pstint tanmhwgmtlSMS Celie fbrmakpm n2odaind il$(cepsi@nt over a

slice of MP a nglj.c h d of ata . (codewrds) are

pl aced on tﬁgtﬁgbghrgnﬁg i \%}a? '?1%@ ég e(—fg zﬁhoﬁ“?rﬁepﬁwtcﬁ%l ed The

priority br $Be ndecndes F% @ﬁpmfediecnduag sm\ﬁ tthnh taSable dengdnpimes the

br eakpoi nts |arﬂfe@rga h(g(st t Qugd td sth [zent codeword
bhOR IS oot SERRor! Gtk § CORORL

i dentity prow ded bg @@Ierrent an ata €0 féds to either
cel | format £8FM38gd opackats ars ﬁaﬂt ér0m6©h¢dp gebrfarmattest 160t bera adbl or LP

transport céulfferr dgﬂecfbrvempuﬂhe el ement 105 .provi des header data to a

functional 35 el enen 0 whi ch dev. ent nt definitions for both
HP 12 and LP data, TASSETARE &P Héﬁrffo‘ﬂﬁﬁ?rﬁl?{ %ﬂ&mg 8 dhedcontreHer y-

poi nt data d@ﬁonmtﬂaﬁ&escdhdz $yotemi (856) 189 ﬂﬁ,@tﬂ.@@ Heeaddhti@itgy Y- poi nt dat a
Hekodi ng. of ¥ PaceS ECF andof Al els "l E‘i‘? ok asorate 1o
transm ssi oAUEHIIYs daGonipterapy  fidrasat uretctnpaneald;owr ¢hsenser tom the LP
cel | format iRerd&@ tsﬂe@aa??idformatlon (if desired) for transmission. If an
auxiliary interrupt 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,



. buffer 170 for output. Referring to the flowhart of FIGURE 8, the :
controller 125 initializes the system (850) by resetting the continuity 10
counters (CC) and a cell count. It then checks (852) for an aUX|I|ary dat a
intefrupt. These interrupts allow the user to interpose special
information (if desired) for transmssion. If an auxiliary interrupt has
occurred, an auxiliary cell is created (854) and coupled to the rate
buffer, and the auxiliary CCis 15 increnented. If there i's currently no
channel space available, the - systemis directed to access MPEG data (856).
The MPEG data is checked for the occyrrence of a sequence header (858). If
a sequence header is available, a baS|c cell type is created (860) u5|ng
the sequendbeneaigestatetiain Tmentorhademene! 11 dioki nsé tip Cotrnigg 1S
'”Cre”E”tGQe&§§%han?uEh8fCﬂk£shﬁu:ﬁ#hFUt (864) to the rate buffer.

Fol l owi ng creation o SIC ce e wth the sequence header data, N
auxiliary type cellslfrad test e%’f(édhﬁsﬁilt@enmé{ggﬁudatae ihaute GQRMPICTHere Nis

a smal | i nhegeér dauch u he X y I are
out put, gnd ther 25 auﬂﬁslcgiﬁfggﬁﬁﬁﬁu@gmﬂcogﬁ ﬁ?s&%l%gé%ﬁn@nﬁeé‘%? {f%

product i 3n CERMPIGC R b I9T &y RaRviSl Yypa celletru sreated ewddr that a i s not
avai | abl e, cusreneMPEG detﬁQr edernatidel €r if fi: CBR. cORRULY an&éﬁif §gr oup of

pi cture ( % z{ r@: ﬁéaég (t CT% ﬂeader dahagﬁ}%m%l f GOP/ P 0 header
data i's avairhet &0 fieyeguRell & reaied Rdiast PEeRfTEEt type cel
is creat edG/G)PfPIlGl'E IBeRlaRl Githeader data- (873). If space is available.
within the cell further MPEG data is included. The cell is output and the
redundant. cell conti nU|ty count and,the cell count are increnented. Note
{at test §0858 and 35 Jablé+l s&!q).mlc@ h@mmpkarpr s@pRmre RIfCtranspders are

avai |l abl e, cdfys. they are stored in nenory el enent 110 for use in form ng
redundant cells of the sane data.




~IL.f at, test 870 the current MPEG data is not GOP/PICT header data, the cell
count is tested. If the cell count is not, for 5 exanple, 2, 4 or 8 then a

basic type cell is created with the current MPEG data. Alternatively, if
the cell count is 2, 4 or 8 then a redundant type cell is created with the
| ast occurring GOP/PICT header data.. 10 Table I shows an exenpl ary
sequence of transport cells. . 14 TABLE | RHD Packet Contents cl ass

Basi ¢ Sequence Header or GOP Header with MPEG dat Aux Redundant Sequence
Header Transm ssion #1 Aux Redundant Sequence Header Transm ssion #2 Aux
Redundant ‘Sequence Header Transmi ssion #N Redundant Redundant GOP/ Pl CT

' Header + MPEG Data Redundant Redunddnt GOP/ PI CT Header + MPEG Data Basic
MPEG Dat a Redundant Redundant GOoP/ PI CT Header + I\/PEG Data Basic MPEG Data

Basi ¢ MPEGDara —BasfT sager +
MPEG Dat a- , ic (T )
Eaﬁ/:DEGPID;E ;r eRle_gungbnt Red ndant GOP/ PI gigaﬁi(ggebo%ﬁiéG Dat BSI c |_k:\zl\i/l(-zl’EEB
Data Redujdant Réd@¥ant GJP/PICT Header MPEG Data Basic MPEG Dat g
BaSiC. - | Sequence Header or GOP Header with MPEG dath
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
Basic MPEG Data ‘
Redundant Redundant GOP/PICT Header + MPEG Data
Basic | MPEG Data
Basic | (...a number of MPEG data packets...)
Basic | MPEG Data




. Basi ¢ MPEG Data Basic MPEG Data Redundant Redundant GOP/ Pl CT Header + MPEG
Data Basic MPEG Data Basic (...a nunber of MPEG data packets...) Basic
MPEG Data 15 Information (except vi deo data) necessary to generate t he
sequence of transport cells shown in Table I is programmed into the cell
formatter 120 and the controller 125. Responsive to respective start
codes, the formatter and controller are 5 conditioned to produce frane
speci fic sequences of transport cells, and responsive to the type of _
transport cell to be generated appropriate transport header information is
accessed from e.g., internal rrermrg or continuity counters. Also
responsive to the programred sequen é the controller and cell formatter
are 10 conditi oned t dnforocasen nealﬂqeptoctdwdumg Oﬂgé@gﬁeﬁ Y dgenéiaita or

formng 't nae egﬁ."gﬁ‘%‘“’ O SrERRr Xl YPRBGT oe Tabk {15 pihgamuneton
mul t i plgeX| ot a’@ Ic& 'e\fenmau@ralml BuREhe centrobleock23li a®espoakive tt¢p| cal
transport gdypdeqodcisarfOLoie- the' redfRel SHLLAMBERLP argOIPONENt S 235- 275

are not ncl u . two-tier systens nponents in FIGURE 9 are
used. bR %W@CQndOt REOERGy fﬂmﬁerwe%fl@eﬂﬂqtl@mts nof ttyanspmrnt esll{,CC)

provi des aawd N bnsmﬂ qat tin t?be""ﬁ?ttli'ﬁﬁsﬁoﬁe&éﬁ hgs bebé%ﬂg}%?g\/%ego[);um ed

error det Z‘%‘ﬁﬁmﬁss B neRere difadst n  QOEVIary SuAPeeitetngroBsped ve
transport xmd:xtrsl.l ﬁﬂmorprmmrdmmdlf}gmﬂgﬁgﬁg Mﬂs@r&s%g:nrb]ﬁ ggaﬂgehghe vi deo
??gﬁgggrtwﬁ)egaé g%t %\é‘i 79 0“[«2& %g%’@{eo[lpﬁn@b rFC@e¥?§naH§EO%S the entry
{and 25 lt@anwpbtltonhdadler puatess apwlyespouning tompetssedr avdelesdgat drt o
- stored header data. Note, once the transport cell sequence: is
established, forming the requisite transport cells involves simply
time division multiplexing 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
diseontinuity, 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 directed to and stored in a memory 215. Redundant MPEG




the MPEG decoder in a suitable format. If there is a cell discontinuity,
the video transport decoder is conditioned to initiate a sequence of
resynchroni zi ng tasks, as discussed below. 3 0 One-tier systens: 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 3 5 directed to and stored in a nenory 215.
Redundant MPEG 16 Sequence headers, GOP headers, and Picture headers are’
directed to and stored in a further nmenory 220. Normally occurring MPEG
data (from basic service ceIIs) I s pds6ed to an output register 230 from

which it isg Gde oder . ed on an i ndi cat.ion qQf cell
| 0ss in func?ﬁgﬁhé‘%%é&gﬁ} 't h regﬁﬁ G 8% ﬁ“élf‘["ﬁ REade et ‘E%egt he
redundant dé2 d@ngostaret| st aziarﬂmet Imemmgl 226rr dﬁotmkl&pso&@iﬂrmég%d\/ﬂﬂ’ﬁ(r; he
appropri ate d t m Mg nd, 22 t he
pprop di@dndant b3 as(?r“c% il ger]ro t@) V\BeglFJIeér 339

MPEG decodeé to cont|nue decoding 0O i st ens:
Oper at i on- offOfthevRichn¥pby suppliedide the aMP tdc@lodcsysBemd raol wabes al |

functi onss dﬂﬁhdﬁatli)@ld $orcedl @@ﬁ—‘ihefurﬁitfdr‘?@()_‘w hﬂd EH}P reaﬁn&éﬁ{ dal A ' ons

applied to P. channel g\i{) g WO- “&3 nLl a second stream of
| ow priorit f? nSh SREMOLY | thgaiedpndant éir'ﬁ[% h‘"eO‘Hé@ eanblerwil. These
LO¥Vf pri gggtwpplanspmrt t?keahﬂ sfcat@weﬂphyecthbo app ﬂlawr@annagﬁ% vagﬁa K/glEla
uf fer u o the
decoder fré%ﬁfﬁa‘c%g#gegrﬁgig&@(? i‘i;QT g (81(;‘?‘8& é%r@%’o %EﬁqfiqliP fQnd LP 20
cell par. ser“é)f(tmlm adﬁpczilﬂgr@spe@xymﬂirpmzmxt ract entry point and transport

header dgga fromoccurring transport. cells. The HP and LP entry data are

stored in HFHDFIES 265 and 270 respectively
wo- tier systems:

Operation of the transport decoder in a two-tier
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.



. Jf 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 streans at the next decodable
pi ece of data. Re-entry is performed by elenments 255 (LP), 260 (HP) and

t he resynchroni zati on | ogic 250. The resynchronization |logic, during a
resync cycle,. in effect conditions the respective cell parsers to

ski p/discard data to an entry point, 30 and thereafter apply the next
successive data to the registers 275 or 230 as appropriate. For exanple, a
HP cell loss would require resync logic 250 to condition. the cell parser
210 to -ski%} qver bits _in the next good packet until positioned at the
ent ry- poi nt “ot¥ f’hé?q“‘{:‘“elthdé%ﬁi)@'ﬁatl@ﬂicb)zmhéotW&]lﬂ@@brCEllh@admr 2%hemo data at

that HP. 35 gihpyt@ahst nést @hwogsﬁltt OtHAY BUAhERP T Q1 BNt rEFPS[QZf | oss

17 woul d I‘Sgﬁ_l re lT&Ige res 250 to request ce ar ser j unp.
to the next “ener§2si nt f‘ upp§ %‘I‘@&d”@)‘fg 6Ptfé’qll?&llmté5tl}h§ﬂHP0UElﬁ¢ yiOpoi nt .
Dat a subseqﬂmuetgwlsreﬁﬂﬁy p0| nt is then coupled to. the register 275. 5

FI GURE 10gshows a-typ anspos t decoder. orithmfor a one-tier video
system i s algori hﬁléy:[l&ﬁd«g@ Oﬁ wﬁn?tﬁyi’ll?azlap% SP HesdeT 300), and
functions t3lgathasslosashopadicat vidamgiystsmg ait‘h:éOﬁ)l)goriEhns ienc g se adSSUNES

a particul ajnitibBzaERS 4 %Q&ﬁ
r edundant P IPI CI h eg]gé %&‘bﬁg?&%m 9‘8@5ﬁﬁ> ead ?isi@gs e'a[% Rgﬁ?&jed on
any franme; R aéegﬁ hce Thisyexampled aSS@m@ﬁdanpal@(d%lﬂCT headers are
transmtteolremsmlrssiorf [ GRSy f@fncfcmﬁaaﬁfe ceG@j mgaders are

i3

nsm tt | t he ve S n rio to Redundant -
uence q%egg 83858@9#@ B Iﬁfﬁq ’ ogegi@aaé%é‘:éﬁ'&? Icdt dieadens age2) two
f | ags, whi dimacsmitted ovai angg fiane] eddugidaht ME§uélated Ld(}(érheamﬂ ransport
protocol, 1R dndhit SEOPAIT héM érlsalculfezat%alugsrr]ni%es only m T 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.

i) : 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



. (: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 resunes. On
conpl etion of initialization, the system begins (400) the processing
respective transport cells. In this exanple, there are three possible
processi ng pat hs dependent upon the state of 25 the Header Designator (HD)
in the respective cell. For HD type O (Aux cells), processing begins at
deci sion stage (500), for. HD type | (Basic cells), processing begins at
deci sion stage. (700), and for HD Type 2 (Redundant Cells), processing
begi ns at decision stage (800). Therg§s a check for lost cell continuity

at deci sion g ( )..before. processi ng of the MPEG data cells begins
at points (%g gf'fﬁg)(g%g) theaGgi IsaPpOEsFed p*ftog'éy‘él% (Bdgrnsbat digst si on
stage (500)(1@r éhe kdentitysisdane @nthdre AWKSHESRBY iDashglajedr 1bdentity.

I'f the identddw¥rrh {Ft t is cell contains an auxiliary 18
dat a group, rgdrtﬁleé)clgl Fﬁﬁt’ S?%t%fgés.gk:gvéﬁlqg\”{& i[%(fpv(eglg?é_“'ﬁ]@% test (510),
the IdentitySBieRse dleadseninformetions520lf net.enpd migdritiom gedesedsnaoci f t he

decoder i $ whet e ket du tq. n ri rmatjon, |If
not, the al %gij[i t hméq%b(ragcee%\sfe{éig(@ t Ega&ne%(ﬁ%g'ggeﬁggﬁg?ig %eﬁc;a'a@nadegtﬁésnce
Header is n&&ded2iq 6 Hartoof |a Rgquencre Header (s¢sta53Bhutnure tHeader (t est
530), then wdecoddedndealives tthal prasessiig RIFORASShafad 62@'5)6-19& h°39) .

where oty SE6 1 pRORRERM 8 4 SmBBB ot oto L. dher phbcasy, sehrer Ao,

sets 10 t heSkAneney-Header datal wes astpisies imeoitegsieke()> 74hd i@Nsb,t BeR
provi des] anekdrey a2 n 5) ls eLror tok ondi t.ians the MPEG
detoder to be p,rgpar%gl %%ktg)t afégz pr%"}:tﬁgtﬁ r{gcageﬁéfﬁeg/?@}n Pf}dpgl?f‘rﬂ. Duri ng
the captur ePEPVigesuRRPHIer carar rebersddddice Thizsaderar sokdiecdomaditione cel |
continuity ite PdPRG n@scdd®40lo Hd 1 b s he. Sequence
Feader pr ocgss ng 1% gocack (56%151%’ préfiedleo hﬁﬁrt' ﬁ?&e@sfn% 1 N%ew
;. nfry-point. arag the capture of a multiple cell AUX Sequence
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) for 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) waiting 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 -



el se data is extracted fromthe AUX cell to continue processing of the
Sequence Header (550). Thereafter the sequence header is again checked for
conpl eteness (560). Before MPEG data packets are used, a check is made 20
(600). for lost continuity. If there is a loss, an error code is provided
(605) to the MPEG decoder and a check is nmade (610) for entering a new
frame. If a new frane has been started during the |loss, control flags are
set true (615, 620) waiting for redundant MPEG headers. 25 |If the packet is
a Basic cell type (test 700), a check is made (710) to determne if the
decoder is in a state waiting for redundant GOP+PI CT headers (710). If it

is not waiting for redundant header$9 the MPEG data cell is forwarded
(715) to th@d MrEte de r f Webe 0 d
3 8088 antl if h% ﬁjﬁ to ddet ederinh%éequ]hE E(e)&gu lf&?[tcell has

header s, chec p r med
t he neede %&‘iﬁﬁ%ﬁf@edﬁéd ¢ depedypHs s¢aitiag faha sedundont :illeiadef,r ames is
cell alignadd-$p 1sfcm|bedﬂbﬂ,$tth_%208h§r%l Oﬂagﬁ‘ewﬁﬁhﬁ g ford rMlRklarid art code,

t he needed avai | e tot d thin the MPEG
stream hg’ﬁag%eg%%ne Ea i th L‘Br P%Cli@ 1§ 5&?&)@%& O4fg it is not
enbedded MBEG h@cgdod packet is skipped (725). If the decoder is waiti ng
for a redundant header, and-it is enbedded, the control flags waiting for

r edundant headers aflf thet céHl Bea Rl&duhﬂanpaxéllbtty & (tosen80drdahd3the to the

5 MPEG d f R d t 800 th
transporte : 81r‘t |dtse@(r31)gtngal t"lona“?agﬁﬂge ﬁﬁd%‘i‘ltuce Iﬁdﬁ?;g W&%’?‘i‘ﬁu@%)@)ﬁ%t hee
r edundant Ehﬁ aredyndnnppda:ta( &15?&1{)3&@ (BkS Y, cand niheg raiaining ddtasimel | is

forwar ded t I I d t.cell type
(test 8&@) gﬁe%n%a% ﬁﬁgﬁ%twdie%o dlecw?la 1l(%f @% #ggﬁﬁdant i nngrratl on

(test 8 Hadaghgedi tﬁ’ll’&g&tﬂs\ivag@@hgaﬂdr theomdepnrthéemd@ dse set fal se,
the redundeaitifgafer redundant information (test 810), the control flags

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. "



information fromthis cell is forwarded (820) to the MPEG decoder

foll owed by an error token (825),. so that the MPEG 15 decoder wi |l | ook
for the next start-code when decoding resunes. And finally -the MPEG data
of this packet is extracted and forwarded (830) to the MPEG decoder. 20
Clainms: 1. In a digital video transm ssion systemfor transmtting MPEG
conpressed video signal including | ayered data havi ng headers contai ni ng
data descriptive of respective layerspga nethod for segmenting said
conpressed video signal into transport cells, respective transport cells
containing three protocol |ayers; said nethod conprising: providing said
conpr essedcmingeo si gnal ; forning a link [ayer header including at |east a
first data freld |dent|f q the service to which the video signal is to
be applied: forl %&'%\ta{/w@@e fangRigRien sysigwrfon dapamiting MR G gosnnsessernui t y

count  whi clidés SigREal | wbmam@nas;értad Cdaa@ %av\fﬁﬁ%auefsr SRy dbté t&‘e%eﬁatv\éeof
transport cel a data, figld I ndi, cat es one of Iurallty of

al ternati J&SB%?S%{ efaléyﬁrét & Lehag 1o segmeniag ﬁaé‘%ﬁgﬂpl”%%sege\"g?‘éé’g%é'?to

di vi di ng stearspoctngslies sespectide ranispovacell 9 lconpinihg adfecoprotécdligpdres sdian a
predeterm@%ﬂ ‘P{g@'ﬁﬁr of bits; formng a service layer fromone of said
plurality g éﬁ"i%e data formats, which service |layer may include at
| east one of saprdwplaglsalelatempded:mdeca‘slgmai,ti ng said link | ayer header, said

| h
et hod set 1 or (ARG ke Hehael Mo 2 o oy SRR R PRt oy s
header fur&qﬁ\éqieﬁowm!@’d@gvmeowmahgtq b@a@pijed, f| el ds rel ating to whether data
is scranbl ed, f&ﬁﬁné 'd ﬁE%&ftr?K\%a?ﬁhla Finc & coffinip ol chﬁ is

scranbl ed and t econ | cates al ternative’scra I'ng keys.
3. The netS¢pdcssredfisrang whick |lw¢mqntamn sucoghsivefranspied eglleparst a fdatanfield) sai d

link | aY%hlméiﬁ’cﬁéatfab”ér@Bf laNGhupARP oﬁ‘%ﬂ@} n% $R898fmAER! é’elé%tgh dfv\[_l‘ill'l ferent

froma service identification data containing a
i ndi cat es "?ﬁ@%‘&%ﬁr\"%'@éerof a

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.

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.




predet erm ned data boundary within the correspondi ng service layer. 4. The
net hod set forth in any one of the preceding clainms, wherein the step of
formng a service layer further conprises including a further data field
whi ch indicates the nunber of bytes of a predeterm ned type of data
included within a payload. 21 5. The nethod set forth in any one of the
preceding clainms, wherein the step of formng a service |ayer conprises
formng a service |ayer of one of an auxijjary and a basic service format.
6. The nethod set forth in any one of the preceding clains, wherein the
step of formng said link | ayer header further includes form ng a header

data field cpntaifpy | [ | b i-ndicatiaon of. an qccurrence
of a predeterm'_népcgi'eg\i%E_:]trqg(il Qb‘ﬁSW?{%"fﬁ‘ﬁithéP'%ge"‘éﬁgF@B%H@eﬁamgé‘?{‘}FB@ | ayer .
7. The net hdQfmirg a seivide layersanpises isfminge sndceldyerpfaine ofan aviliagiandtahe

step of fopgiipQeRieShbMh&e | ayer conprises: determning the type of
conpressed video signal contained in respective payloads and the |ocation

of decoding entry points within respective payl oads; formng a service

| ayer headely Whi §feifig ' pdentify said type of
conpressed vi deo sz nahb@%étafapgﬁgei Fﬁ%%g‘%é@?dﬁ% a@Sdé{‘[hE}{‘{')ri’ theptep of
descri pti vefesming Qﬁ*gﬁmbhﬁeblﬂea@s father irslusias tbreing y hpadert data Bield PoRtaifrighod

set forth ig gpwRee ki recedi ng [ erein the ste %i: formng
sai d service | ac?/er fqrtﬁggeﬁrﬁéﬁ _eigﬁ ?f)%% %ug%ﬁlﬁ iogrﬂ/ s erpﬁg Siange| y

i ncl udi ng abundagyt yithia the eerespanding senvicddayer. i dentifiers; and concatenating
a vari abl e nunber of said auxiliary packs to formsaid service |ayer. 9.
The nethod set forth in any one of the preceding clains, wherein the step

of forning’sai dThe et setiferglein Aryaares offthe phesedingrataimsewhéres Wdistsh of i el d
having a bi form%iac%r\i/iegia?@@ﬁ?b&% occurrence of one of a first sequence
the staft —of a B

header of a GOP, S| -Franme, and the start of a P-Franme within
respective servi@dsdemipagstheMyPeiQD CDRpEGRIATIAENGiGTRANSREReC- kRpEEve

CONVEYI NG %\y/\:@ﬁ§%ﬁ9tpfé %Qi%ﬁecé&ﬁé reﬁffgt/ p%tstvn%irﬁe%%!e&nsv%rp%yloads;
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:
forn'ning auxiliary pack respectively including auxiliary data and auxiliary data
identifiers; 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.




A digital conpressed video signal transm ssion system includes a transport
processor (FIG 7) for segnenting (105,115) conpressed data into transport
cells for transmi ssion. Particular portions of the conpressed data are
formatted (110, 120,125) into further transport cells, which further
transport cells are interspersed mﬁt& normal Iy occurring- transport cells.
The further transport cells include €dundant ~ vi deo signal data which may
be wutilized to resynchronize a conpressed video signal decoder after |oss

or corruption oMEFHOPWFORFORMATTINGFTRANSPORT CELLS
FOR CONVEYING COMPRESSED VIDEO DATA

Abstract of the Disclosure
A digital compressed video signal transmission system

includes a transport processor (FIG. 7) for segmenting (105,115)

~compressed data into transport cells for transmission. Particular
5 portions of the compressed data are formatted (110,120,125) into

further transport cells, which further transport cells are

interspersed with n'ormally occurring- transport cells. The further

transport cells include redundant video signal data which may be

utilized to resynchronize a compressed video signal decoder after
10 loss or corruption of transmitted data. .

Fig. 2




