1 METHOD FOR FORMATTI NG COMPRESSED VI DEO DATA | NTO TRANSPORT CELLS The
present jnvention relates to a nethod and 5 apparatus for segmenting
conpressed video data into cells or packets for transm ssion in a nanner
to allow a receiver to rapidly recover fromoccurrences of mssing data or
corrupted data. - The Myving Picture Experts Goup (MPEG are 10
establishing a standard for transm ssion and storage of video data
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- 15 The signal protocol is hierarchical or layered. Frames of video '
data a~r<=j compressed in groups of, for example, 15 frames.
R{:‘specuvc frames are -either intraframe encoded (I frames),
forward predictive interframe encoded (P frames) or
, forward/backward predictive interframe -encoded (B frames).
_ .O Each frame is divided into slices éoncsponding to -horizontal image
bands (e.g., 16 line st_r'ipes). The slices are segmented into
macroblocks <onsisting of matrices of 16 by 16 pixels. The
| macroblol_cks-arc encoded in four 8 by 8 blocks of luminance
s v.z_ilue‘s, and two 8 by 8 blocks of chrominance values (U and V
s:g{lal components). Each of the § by 8 chrominance blocks are
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chr__o‘mmanf;e values representing respective 16 by 16
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identifying the overall signal type, which layer includes a
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exgmplc, picture size, pixel aspect ratio, picture rate, bit rate
buffer size, a number | | ’
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' | of Tlag bits, etc. Following the sequence
lay.er 15 a group of pictures, GOP header which include a start code
& ime 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



ink flag and extension 35 data.
a time code, a closed GOP flag, a b;?;?[‘ nge andgpi Cture header. The
The, next layer includes a picture 2 reference, picture coding type
i header includes a tenporal r el i abl e
picture (PICT) hea tor and pixel precision flags, varia
(I, P, B), buffer fullness, vetc nsion data. A slice start code follows the
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pi cture Iayer.and anludes a Is er'is the macrobl ock |ayer which includes a
siice. Followng the si I0|Ctea5 Tag' nmacr obl ock header data includes
denti Tying IR RGN £PAINS romentL Bn.BLybefief ANGALNG&L6r NP
enti | o . ' re.co ;
Irmcr obl ock | afel apregisinal %,?hhﬁglé’ gﬁf(}gglz Oé%_egéﬂgllréﬁ&&g #h extBnsicn by
D1 0cks of dalduthh eRGIAGIAY O6fs AN o ho| plsturpr bjiert and fricdadss af Vi deo
bl ock basis. The conpression al A i smi (Bi ~in conpr.essed
signal from pHiidrCedamngd af he‘addﬂad&lnﬁg};’?ﬂgapg%isg%a fltfzalrlrg ing egépqa y
form the G ﬂﬁm[eﬁgqglg ?ﬁé enfsql%%g:%%%owggﬂ} daghides prflart evdedaddf r anes.
RNy one BEAAL AIRP MBS rdernbhoge fendar odaiP AEIRIG! 4665l ipa°n
: or A ' ie i rec :
pr ed!_- ctivel y‘@Pﬂﬂequaﬂ?gﬁlgﬁ‘ih?%ﬁg%t%lng gg@é gqu (‘?BFP&H’(g cp.{{c.dw'ﬂ‘h@; |
_receiver, de QWQIO‘;EOJ Z@%?re algp olfgudes cmssione vieresres wiithi 4@ c@Riod N |
transm ssion W prop t a h kbRl Siand 20 cogcam ant 1 mage
order to.pref &R sinebluokpagh a0 8 D mRIEBIRES W e grleblagki ons are
corrupti dr0 shagi 84 Q@Egﬂt Pg?g&ﬁk %b%usIhﬁthmmsimFalgbeﬁhm primrily
nor 1 nel U et edicen dnames| of WdEY ksl f flolny ﬂtﬁ ! Blapilmgzeast
fof noisel est P% aris Rrecicomg fi.nj tion television ( b) PR Hngl e
system t hat vidté Vsighal 2ard P%ﬁlﬂgﬂ@&}ﬁ% nt'l y*YBPHEFsady Epupedthiey differdubeanced
.?é_:\ﬂxi g{gﬁdﬁgéﬁe’gﬁhg@ﬁi&wumm-‘fr@m‘sof Sh@cﬁdﬁ%@}[ Seelr%\‘;c‘?f_cegnf g(r)al s of
| i s to fameserarhi depandtht Yo Nghd bS5 toatJ rior encoded frames.
ADTV i s t : ansm seon EpX p
terrestrjsgl O%'Iﬁ%ﬁ@%tr ATEns number of frames in a group of pictures is non
predictively encoded. It should be immediately reco_gnized 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 _Wwas fashioned . primarily for noiseless transmission
channels,
D | | ~ ADTV is a fully digital simulcast system that delivers
25 high definition television (HDTV) in a single 6-MHz broadcast
channel. It is currently being 'devcloped by the Advanced
Television Research Consortium (ATRC). One of the primary
desig‘n 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 3 5 augnentation 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 support3nultiple data services, and to
provi de graceful degradation in receiver-performance in the presence of
transm ssion errors. DirecTVis a fully digital systemthat delivers
standard definition NTSC tel evision to the honme over a satellite channel.
It is currently g devel oped hy Thonmson Consuner Electronics (TCE). It
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including a %qitywtaévqggﬂt 4 is service specific and which
i ncrement's in " suctessive t ort cells of fltﬁme service; formng a third

 data field (P) of 115 ¢C4es Al\eel Wit anAsRacoalt her prggent invention, there
_, is provided in a digital video transmission system for transmitting

MPEG compressed video signal including layered data having headers
containing data descriptive of respective layers, a method for
-segmenting said compressed video signal into transport cells,
-comprising:
providing said compressed video signal;
dividing said compressed video signal into payloads of no
greater than a predetermined number of bits;
forming a first data field (SCID) of N-bits, for identifying the
] . service to which the transport cell is to be applied, where N is an integer
. such that 2N is greater than 4000;
forming. a second data field (CC) of -4-bits for including a
continuity count which is service specific and which increments in
- successive transport cells of like service;
forming a third data field (P) of 1-bit for including a prlorlty flag
‘which indicates the priority of associated payloads;
forming a fourth data- field. (CF, CS) of 2-bits for 1nclud1ng
scramblmg information;
- forming a fifth data field (TYPE) of 2-bits for including a payload
type identifier which indicates one of a plurality of alternative payload
formats;



which indicates the priority of associated payl oads; formng a fourth data-
field: (CF, CS) of 2-bits for including scranbling information; formng a
fifth data field (TYPE) of 2-bits for including a payload type identifier
whi ch indicates one of a plurality of alternative payload formats; 3a
formng a sixth data field (BB) of 1-bit for including a flag indicating if
an associ ated payl oad i ncludes a predeterm ned signal boundary; and
formng a transport cell including the concatenation of said first,
-second, third, fourth, and fifth and sixth data fields and one of said
payl oads. Exanpl e enbodi ments may involyg a transport protocol for
arranging hierarchically formatted conpressed video data for robust

transm ssion in noi sy comruni cati on channels and apparatus for realizing
the transport protocol. The transport protocol presented here defines
cells (or packet of data ere ch.cell .includes a_Prefix and. a.
Transport Bl ock JOTHIM,2 Sk %ﬁﬁfﬁa‘c@}ﬁ}@kﬂ:bﬁ fer mcdudings flagsindieating our
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trans SOL t thangeissichar ?i@is&cbdlghmﬂ?i@altﬁ)nr @lﬁal?l!i@l@S E*l&sdﬁhraﬂi@dﬂ% ticul alr |
2re Te or LializR Bt TeRRL Ao 0 F SEnPur iR o Brofdne Cpaichip ere™™' ' °
co Irr})r ?g ? edm. cell s(rE ptnrcikfta) of datatwhere maeheatitllgﬁlildmld_m‘s @ Prefimsaod } aRE
gei s a scgemakls?()?{ Bﬁlgglé’ t.IZl iﬁg%%tg{ﬁ}g%%’aélﬁslbg%ﬁ%%tkHQggég&s;?ég%{ggserogl ce
i ncl uded 4% ifrsa%ﬁgemrorién ormpapignEand;ty el ve s dor sereisecehanngl on of an
exanpl e ofdentification. The Transport Blocks, (typically 128 bytes) consists of
either Auxiliary data, Redundant MPEG Headers, or standard MPEG
data. Compressed video data is applied to a transport processor which
is responsive to the header data to develop transport block headers,
and to store particular header data. The transport processor segments the
compressed data into data blocks of predetermined size and appends
transport headers thereto to form cells for transmission.
The particular stored header data is formatted into a plurality of cells
and these cells are interspersed between regularly occurring successive
cells of compressed data. '

'FIGURE 1 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 .
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format of Auxiliary Data cells . 4 FIGURE 4 is a schematic representation
illustrating an 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 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 flowchart representingdoperation of the transport
encoder. FlI GURE .9-is.afﬁlqﬁk di agram of "a typical transport decoder.
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l'ink [ayer; a transSpor é{ﬁgyer; 2.0 and a service layer. The link layer is
arranged to be service eRBd&Nis aBthém [ yer re service
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rel ati onshi pebeodeen the Prefix and the 30 Transport Bl ock. The gesi ghat ors

P, BB, CFjppand CS are i;llblggﬁttglft designators. The designator., P, is used

in atw tier systemt | i°f 5 vihdioweharerepresenting  dperakionnefuges hi-gh

or}1 ow pri or {@fsport encoder. '

, FIGURE 9 is a block diagram of a typical transport

| decoder.
FIGURES 10A and 10B are a ﬂowchart_ of operation of

15 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 ’
.mdependent, while the service layers are service specific. A
'service” refers to. the type of data being transmitted in a

N - particular transport cell, e.g., audio data, video data, auxiliary data
etc. : .

. - .
25 The link layer comprises a Prefix byte (actually two

ei_ght’ bit bytes) which contain several link layer control flags as
well as channel identifiers for many different video, audio and
data services. FIGURE 1 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 bung[e boundary and is set to a "1" value only for the first cell



data (1=HP, O=LP), and is used in a one tier systemfor cell framng 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 5 of respective
bundl es. 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 SCIDis a twelve bit word which is 5
used to identify service types. A SCID value of zero is reserved for nul

and the value 4095 is reserved for future definition. The
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rS gf\eieg[e |. \l%gsl: ykf%i%i\?jiiy%“ﬁ&i: fi{ifg/)ofp ;‘ ;ef(e\'gi?iéo trar'wport layer contains a 4-bit
| it; _ . . 15 counter increments by one for each
f:ell transmitted. It 1s service dependent and priority dependent
1.6., separate counters are maintained for each service identity a;d
for each transmission priority tier. The value of the continuity
count sequences from 0 through 15. The continuity count
20 p‘rovidcs a measure of error detection at respective receivers. A
discontinuity in the received count indicates either errors in
received data or a loss of continuous data for a particular
) transport service.
e ‘ The next field in the video transport layer contains a
© 25 4-bit Header Designator (HD) which has two-bit subfields of Type
:'md 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 tespectively 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 standa—rd 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 transport cells The type "Auxiliary Packets" in general is not an



30 redundant data, and Basic Service Packets with NON MPEG redundant data.
The latter two types are non standard forns of transmtting MPEG data, and

are i'ncluded for conpl eteness. The type "Basic Service Packets" is the
only type identified which includes MPEG data in standard form al beit

segnented in 35 transport cells The type "Auxiliary Packets" in general is
6 . MPEG signal though in .this application it is

not an - ---- --------
used to transmt redundant MPEG header gata. Nomi nally the Auxiliary
ata such as cl osed captioning
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. The VM?EG'”@&EOCI&I data. Two-tier basic service packets include entry-
15 point data to synchronize the two data streams. Entry-points '
' aallc.)w data blocks to segment across cell boundaries. This concept
. 1s illustrated in FIGURE 4. FIGURE 5 shows the entry-point "
compo.nents found in the entry-point data field for two-tier
2o it;‘inan-lssion s_chemt.as.‘ The frame type, slice, and macroblock
2 ‘nntles are supplied by the video processor, while the entry
pomnter and frame number are supplied by. the transport
prOf:f-:ssor‘. The entry pointer is the byte offset to the entry-point
) . ([j);)ts;‘n:;fe;: :Zea;ra?:tp;ort block. Frame type indicates whether the
aframe 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 stfe'ams. The slice and
macroblock identities are unique over the frame, and specif); the
30 entr.y—point position without decoding the MPEG data stream.
V\{hlle 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 ﬁrocesses,

see U.S. Patent No. ---(RCA 86,317A - allowed)---,



used as a frame continuity counter, increnmenting once per frame. Both the
frame type and the frame nunber assist decoder synchronization of the :
two-tier data streans. The slice and macroblock identities are uni que over
the frame, and specify the 30 entry-point position w thout 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 infg@rmation on entry point processes,
see U S. Patent No. ---(RCA 86,317A - allowed)---. 7 Two net hods of
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the priority processor

86, 317A - al ISWMBEG CGroipr ofs Rtetmhe(d}gegcnbmépgngfpﬁctﬁ% dé Systemt
ranspor

Specific formatting rul wred when encodi ng ,

"Bl ock and are ou#l i nes ‘ﬁgl gﬂwt%rl:'%g 11"21‘33 vigieo I-Erl\’wﬂ:)llla}@l‘ ii§

‘toggl ed on t RBPP lPiisb)’sé[tRuéﬂdeOheadedcmf(aadG{ﬂ% priwrigt rbc@iscﬁf F4 a#W
a

and the star tiepfsygtdinkr argge B.9ew4ieh! NS St %@}g %% ﬁﬁgﬁgbeﬂ Bnl n o e

(assuni ng; G, begi I'-Frame), "and t
successi ve £ 1% rn@sdc%lmé%ﬁeécgﬂmfbé’ ﬂr&ﬁepﬁﬂr Disterk, format is used on 20

the first cell of a GOBpeeific t fsrntddiite Golds r v " Céticy
frames. A "Redurdag ??‘.Iins'potrrtaﬂf&ﬁétﬁ% e Ll%fﬁﬁiéigfg S"hséh o (ﬁng
*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,
Is 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 framcs._
_ *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 R 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 accordmg to the present
invention. . The transport encoder takes a MPEG data stream and
attaches a protocol which:



i nstead of the "Basic Service" format on the second packet of a frame if
the frame spans nmultiple packets. 25 The "Redundant Data" format is used
again at an interval of about 4 to 8 tines per frane. -The redundant
transm 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. Thegtransport encoder takes a MPEG

data stream and attachgg a protocol which: 8 Allows a transport decoder
to detect missing or i Ml dattEansporerdecoddnntianictectansissisg @@ of

critical data; and .Inghedi@sddgd:a reentry points to restart MPEG 5

decodi hg. Input to the t sport encoder. 12 is either directly froman

MPEG encoder 10 (for a o.gp‘ztr efedy | §ginsmissionegf oritidal oduta; VRRG

priority processor 11 (flmrdi@attamndﬁdaerrcéﬁﬁysgbﬁﬁkOfb RUEHEMMPREG tWo tier
0

systems, twp separate d@é z%;ths are used;, one for high-priority (HP)
and one for lowopriorit ‘??.‘% &at a.- The priority processor nonitors rate
buffer fullness, and g it &3 ther ittarispyrbreamoder N1 Wiéiﬂ)érn@'ifé%ttﬁ: wher e

' aths “for each

(1 ce’or “Wpep ool MR SRMG! U RER Wl ey Ehnisipe iblenactt oo
iﬁ 15 the -i][] TRMgat %ﬁ’%& EiQTiEn Preeessenc blie¢fot 2a ﬂ\ﬁEGiaodlieimrrﬁﬁsi_o&hrri ve at
S et e ke g S b I AL
transform coerfi ciefts oty r 8Agr one nfart lew-piierity (kdPodatencatier is
~ prpvided by prisyyeprotessorldnodllofiré! Bakfeks fiMAOSOnANCYeh8rHER! OCK the
recel ver a”%ﬁibﬁ@?—rﬂrtetaﬁboints 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
15 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 c'oefficients 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.
Output 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'scrvipe 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
307 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 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



so decoder rate buffers do not overflow or underflow OQutput fromthe
transport encoder 12 is sent to a service nmultiplexer and rate buffer 15
via a data scranbling nechanism 14. The nultiplexer 15 interl eaves data
from25 different service sources. The output fromthe nmultiplexer 15 is
applied to the comuni cations channel via a transmtter 16. A transport
decoder- 20 receives cells fromthe conmmunication channel receiver 17 via
the service denmultiplexer and rate buffer 18. The demnul tipl exer responsive
to the data in 30 the service type field of the transport cell header,

separ at es dat 20, ofhitilf fselparmesenwida depefroan hedPRlc! SRatd hnd eI £dndat a

types to theg 0 ircuitry. Video output data fromthe
derrul ti pl exer églp(:sesgfcaég ‘e anbl er 19 which perfornms a

descranbl i ng function \A@iucput sfronue;hsetﬁauspdm sler:adbﬂ 120y provideprbethS aOf
el ement 14 [%;%Q der ----
-------- éﬁrﬁ&g‘egﬁt for %S’th{a(ﬂg%ﬁ]f f %@eﬁv% 38 ea and applies
the servi cﬁe [Fagsmitiing gerdaer agg aodagupath o tth@ MPEG pdecodisc@er 20

provi des bot mﬁthlﬁY$h@rﬁrﬁh9§5rt( a&o&é&r éw&hbﬁfggléé decog;%rfcgrgﬁéd’\e/\got thont[‘ﬁ;

transmtting rvice, and a data_pat o0 the
transport decdts?g%’i’mm& “@Pct@ﬁéc%sc%fg‘aﬁei’f’%? st 1@r inekudesi exrovmet Ko a cel |
has been | ostexamplaplthdeéj(:érdoﬂes is ﬁﬁbmt@%@tﬂmoedeiéﬁniﬁ@ pogespectRNi tored to
nsport _cells occur |ngﬁ1rloper sequenc E%}
t he

determne if
t ransport celllu?&ﬁsptt fé ﬁ“’hd"ePF%P%r SPAUALSS ct SNLK Hagspeteretst
MPEG decodié whith eﬂOranws)rarcddetﬁjned sirei delivefed e B rMPlEGnHeébd@r from
the ,transpqhle QG &R, h t ata MPEG
gcoder in a sui téagﬁ Eo%-fj (a%ff&#ﬁ)e %?f'gt'he fyé%%lipﬁ?%u Elﬁe vi deo
transport det388POkts bl %’@-rm eg othipj header, aa@féqpmscetslsiama to the
[esynclhr 1(:)nl zM[@EGaﬂkaod@lS ifll & iibRde DRIAM:. FIIEWBEL it Sa 2P At dBALRM Of
ypical tranghorlijeq 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 ome-tier transmission systems, components 145-170
are not included. For two-tier systems, all components in FIGURE
e / are used.
.‘2.0
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 identifying 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 beginniﬁg of a  data sequence.




For one-tier transm ssion systens, conponents 145-170 are not
all conponents in FIGURE 7 are used. 20

One-tier systens: Encoded video codewords, and correspondi ng codeword
identifying indicia related to codeword type, and J codeword length arrive
at the transport encoder fromthe video 25 encoder 100. El enment 105,
responsive to the identifying indicia captures and stores certain of the
header information in a nenory elenent 110. Data stored in el enent 110
will be included in the transmitted dat@ a plurality of .times to provide a

degree of information r B . e for 30 redundant
trgnsm' ssion geperal by in Iﬁgdégysae-égg_ﬁggéﬁe@ggrﬁ{cfﬁg? a(%‘-r’gﬁeﬁﬂ €4aPk, and
%?I%FCT ‘iﬁ}dgr_lg Qﬁs tangitiednMRIEG dataa regieet etteasf rthdundant

Pi cture header
data is that Sfsjugnonechssddry dada. CAndiklel @ke cpgder i n,decodi ng
e alEE anis ﬁfeé lgiécltt?n%tﬁ%rgqg? a data

a data strea ' h een entered at other than't
sequence. 10%rﬁ%ﬁcy%g chqlfgﬂBB“% ?WUH’@ AP 'lm”ﬁgie db decss.
Decodi ng of tth&nsHbsedsenvPEGtalat dTliequrhngsores prétocbl edescrIBEyeRSSfeader
data. |If the rdpefiteldiNies é t after e occurrence of the sequence
header, he Pnat gg EB‘P{;M%S ggg%’égg tH ghﬁéed’&&ﬁfdd eaderndatar d0gpor t
or ot ocol des?,épg Hhethomly rafiententeying dhe demnsaruedcelandsathel meeded
header data huaiterdesheliende Siorddyreyf ter entering the transmtted data .
streamno nmatter wher;tlit IS ?aéered. El ement 105 al so extracts user data
and applies this 10 dat&m®ialiendlsp extractsasedadatanmpdbepplicanlyis
di fferent! Qygeta teurhmemarynd ISt anPser Whieh heqyt be bﬁﬁgﬁﬁyafi&f&é ‘Eogg{ﬁsor
i@); t he fo§‘¥e‘ffascﬁé%nﬂg&ce'prﬁg&geﬁ?ﬂl ng_@ﬂg@ ether, the’ origrnal ce
material was {i|mnode of vikdeoHBHETete IMAges \acGipreplosopr anfestheot
-support incIﬁ%%@%fchmmwpeyrqbrdomkmn@@t wlitthéoV¥eloriginal source
material was film mode or video mode etc.. The MPEG protocol
| fiocs not support inclusion of these types of information. However
15 1nclusion 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
1S included in auxiliary transport cells, when convenient.
| 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 datad,
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 eclock formatter 130 for

encoder .
I ncl uded. For two-tier systens,



15 inclusion of such information permts the receiver designer to

I ncorporate special processing for particular signal types and thereby
enhance the overall reproduction of imges. The user data is included in
auxiliary transport cells, when convenient. Elenment 105 provi des header
identifying indicia to a 20 clock formatter 130. Cock formatter 130
includes a clock which is sanpled on the occurrence of certain header data
to generate tinme stanps associated with the correspondi ng header data.
These tinme stanps are used in receiveﬂ hpparatus to provide a neasure of

o gnal synehrsignabsmhroglealis W EHGTIN (H0er i HGA1L0 21 ¢

coupled to 1 formatter d.. Nom na ormatte
from el errenfm%ﬁrypaef[ggﬁﬁsﬁﬁl ata into cell length packages, devel ops

the appropriate video skuxiléaryt r@mﬁp@émsm@d?eﬁerﬁggogging&(ﬁje; ergrgtngc?Ihe

i ndi cat ed i n it (FdRES; d, concatenates the transport [
cel | data, rsiir%gbcoupl (!a% rﬁt@hggﬁ'é tWHER | acs i avalable.s e Thatois, However |
B o oMo lofmdnl be nlosdpdiil aety/ddg by of | o

ted I ;
to formand .transmt. gt hgerl daa a. Ps&‘&tﬁ erdh?’é&i %?(’Hgégt R isakaf ' 3 5
i nformation SifeHNgst Page igtezlasayet: only hwithl dcliefdorvides edata30 Tk sl si gnal
synchr oni zat becgusendes edinpd JFt v R0 ¢ | -y, €l egpnt  110.
Auxi liary da&ﬁléﬁ‘%'kf aﬁ R%%gﬁétded ggtﬁg{égseﬁ%g‘{ﬁgdw#tﬁcflﬂgggﬁéﬂ't dat a
strearn when.spacé 4 ava dafp are; predictiygi andrgepend frem 4 fieldshe
i nterl eavkd ‘Whehredwelandadata cellty miby b@ﬁr&blufe@raﬁr{:gﬁlﬂ%}d%ﬁce@ the

r o'y ™"w

other hand raeedpnt ajls f. the nost, part 1 ng ave th 1
r.j]}u d video dat.a. ?#rﬂfgg.g s‘_jé%eégé%% lﬁe%ﬁﬁ?\tg'[eo uli WHh dhtleantuist certgin with
an | field RIMMEILERChisHTsobidAVRE® datovide censgeli Cirifyemanidndegend from
. fields. iﬁdi&}ﬁcrg@@agﬁ{g_ data cells may be included at regularly spaced

intervals or as data space if‘ avail able but with at |east a certain
‘ ¢ cell formatter includes a continuity count in each

157 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.

j In. ac-idition_, 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 channel. 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 e[ement 150 which develops entry-point definitions for both HP




m ni mum i ncl usi on of data to provide enough information to indicate
decodi ng. The cell formatter includes a continuity count in each 15
transport cell regardless of type. The ' continuity count, CC, is

i ncrenmented by one unit in successive cells and repeats nodulo N, where N
may be a conveni ent binary nunber such as 16. Two-tier systens 2 0
Qperation of the transport encoder in a two-tier systemincludes al
functions described for a one-tier system with the one-tier functions
applied to the high priority or HP chanhél. {in addition-to the encoded

video data prouvddb® atatk] QHesdO8atr h%ouli‘tr | ridi¥ioRk © S%%r glFI URE Q)
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el ement 145 \@H$E @hdPagket dass cdldiewor drarﬂﬁnksftm cﬁl‘d?‘s’l deth nt 100,
formatter

and suppl i es fdataedd e el er 120
160 for genenat ortl&g; gﬁe{(ﬁ%r hpel—lsetg? f_rB“f y SE’? E‘“Pg%el:g&v@ v celle
el ement 105" va/‘?de]s Q1 ePuiPlta to a functional 35 el enent 150 which

devel ops entry-poi nt dem;ﬂehtlhgnﬁ) ftRE ABLWALER ? Fﬁgﬂ%‘fﬁl a Theseue entry

In ent ata

poi nt definit st or d r ol nt

formatters 1 88 agbzecsré t eSYHRM ﬁ%&gmbma@%ptm@ éhchcoetmuggnerat ed.

The entryl 90Fﬂ§ﬂ§6§8 U$40) and thecltiamadar e th&s WhecHecad g;e vari abl e
on er ors npletely.

lehgth data $ etot ansni ss
f‘é?rratted paclli%?gsﬁgrg seqtiﬁ%éfrrbﬁf ‘th év{cr?lﬂ?tﬁa?i lgw 1the wsen tS:eI | buffer
170 for out p‘ﬁFerH@Peﬁpﬁwltmfphmatiiomwc(iﬁrdesufcdl’fl iR fhsrbRGigENt Pl hgr 125

initializes dhéliaypt fitet@RN) hRY SE86LELN % tll%x?ﬁg})'/ Wi Vs created (854)
: and coupled to the rate ‘buffer, and the auxiliary CC is = -
15 incremented. If there is currently no channel space aviilable, 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

Y 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
2
5 auxiliary continuvity count is incremented with the production of
each cell,

Alternatively, if sequence header data is not available,

a lest 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 reset (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

included. 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 RICT headers are available,




10 counters (CC) and a cell count. It. then checks (852) for an auxiliary
data interrupt. 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 is currently no
channel space available, the systemis 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

t he sequence a&fdvde&l’ﬁdatfﬁﬂdThe memdrysieferneht thhtfonuutey: BOFSEH@Ing S

i ncrement ed (8&fin . | e ol ut (864) to the rate buffer.

Fol | om ng creati oncpdgﬁ E:Eggbggitlgc %gﬁ% t‘%@ with the sequence header data, N
auxiliary type cells aré& agriest &0 shecurnents MREBGC datee dsiarotdGQP/RIER N i s

a smal | int egegadegudhtagstheossl &aeht o tthiedN 3pxhki &y é&ﬁ?ﬁ fsehbf' F‘?{e

out put, an%t 25, auxi i ary gt?‘nt'l nugty, count 1Ts Increnented W e
product i on “of ALPIE. o2 + ORT § PgAr Ay asic 1ypes sglletsc erensadewithathe i s not
avail abl e, ecuresitt MPBRer idataredAleradeiesRi, ¢ tHae col CeBmN&e 2074 gjOﬁp of
picture (GCP)thgfl Ri ﬁédﬂr? #RI &% heg er dat é}870%b.n Lf FOD/ PI'CT 36 eader
data i's availaple t ke eXant. 5pg & rlésgfe”?‘g oyithhdhg lasgqoeIEing ype cel |
i s created w@RVRECEOherder datader data (873). If space is avail able
within the cell further MPEG data is included. The cell is output and the
redundant @gll conti n”iﬁ' count and the cell count: are increnented. Note
at tests 858 and 35 87 Ylesdqbleaws nBagsempiaryGorRquenPE COf heradspsrtar e

avai | abl e, 18ellshey are stored in menory el ement 110 for use in form ng
redundant cells of. the sane data. If 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 wwth the Iast occurring GOP/PICT
header data. 10 Table | shows an exenpl ary sequence of transport cells. 14
TABLE | RHD Packet Contents class Basic Sequence Header or GOP Header with
MPEG dat Aux Redundant Sequence Header Transmission #1 Aux Redundant
Sequence Header Transm ssion #2 Aux Redundant Sequence Header Transm ssion
#N Redundant Redundant GOP/ PI CT Header + MPEG Data Redundant Redundant
GOP/ PI CT Header + MPEG Data Basic MPEG Data Redundant Redundant GOP/ Pl CT
Header + MPEG Data Basic MPEG Data Babdc . MPEG Data Basic . MPEG Data
Redundant Redundant GOP/ PI CT Header + MPEG Data Basic MPEG Data Basic

(...a nunber—e+—MEC—data—pagketsr—r) Bas-u-e—ﬂ-e&-u-r—e—He&deHm—%n—PvﬂEG
Data Redundant Redundant GCI’/ PI CT HefﬂdeB I+EMPEG Dat a Redundant Redundant
GOP/ PI CT Hedder + > Data -:Ba5| C VPEG Uabrﬂ RE I’Il}dant Redundant ‘ PI CT
Header + NP%G Dat a sic MPEG Data Basic WBEKChal-2n'ESi ¢ MPEG Dat a
Redundant R@dundanicl§¥3P/ Pl CT {Header + MPEG Data Basic MPEG Data Basi 0
(-..a numbefror NPE%S?Cata p_a(Kgctaqsuence Header or GOP Header with MPEG dath
Aux Redundant Sequence. Header Transmission #1
Aux 'Redundant Sequence Header Transmission #2
Aux Redundant Sequence Header Transmission #N |
. Redundant | Redundant GOP/PICT Header + MPEG Data
J 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 .
Reduridant | ‘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 (...2 number of MPEG data packets...)
Basic ' MPEG Data |




Basic MPEG Data 15 Information (except video data) necessary to generate

t he sequence of transport cells shown in Table | 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 nmenory qr_continuity counters. Al so
responsive to the programred sequenceﬁ-?he controller and cell formatter

are 10 conditioned to pinfeefmatitniv (6xRepH! Viddd I SR )ifa® rdfe
stored header[ggat a. Note, .once nsport cell,_sequence’is t abl 1 shed,

the t
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nents 235-275
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error detect PRETOREAE: tFERsSPathcbardey dafeunatosuly aasdissed r bopactd.ge
transport cefdterndNintem®iy Obt e&sntih@NyPLObInfRs! S 418 Qeﬁ%dxg?t@é i@ d&.%e vi deo
ata an

decoder. ‘The__video transport decoder’re es entry-po
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_ RE 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 compornents in FIGURE
9 are used. In both one and two-tier systems, a cell Continuity
Counter (CC) provides a mirimal 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 transport
) 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
discontinuity, 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 rtespective service types of data. Auxiliary user data is
35 directed to and stored in a memory 215. Redundant MPEG




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 nmenory 215. Redundant MPEG 16 Sequence headers, GOP
headers, and Picture headers are directed to and stored in a further
menory 220.. Normally occurring MPEG data (from basic service cells) is
passed to an output register 230 fromwhich it is supplied to the MPEG
decoder. Based on ‘an 5 indication of ceJ)L loss in function 205, and the

r edundant datg stored in nmenory 220, thé redundant data controller 225
will supply effisencekbendersl IGWPd iwadets apdr Ppciuat chegdumdand dabdted rom
menories 215 ghdy I t G,dacodgr to,, continue d I.ng
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respect i vel y)lTOBk fRAMOTGAt 2Y5 pandt 220hd to teamtifiont the MPEG adécddermio

occurring tremRide Edotind N H LP:.entry data are stored in nmenories
265 and Zzglnrespectivel y Ilg E’g Eee I hcr)lsjglzl%é I ndi cated by the continuity
count the try' data is subsequently discarded. If cell loss is indicated

the entry polliwol-efadwtdéms; Utilized to re-enter the respective data
ece of data. Re-entry is performed by

stfeans at the next decodahle pi ,
el ements 255 (LP), 260/R¥B{IoHn@f: the (&agsrart odecedaroin| aghwostier The
resynchroni z8¥$tem |ingludesdull rfynetionsy deseibe€, fom aeldiClief OBHtbh NSvith Ne

- respective c@ld RRLEEF SunRedlikPASHAEE & AL 2 RanShL"Y WoLTL two-tier

15 System, a second stream of low priority transport cells is -
available from the descrambler 19. These -low priority transport
cells are applied t0-a cell parser 245 via a cell buffer 235. MPEG
data from the LP cell parser 245 is coupled to the MPEG decoder
from the parser 245 via an 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 respeétively

B 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
or 230 as appropriate. __For example, a HP cell loss would require
resync logic 250 to condition .the celi pérser 210 to skip over bits
in the next good packet until positioned at the entry-point of that
cell designated by the transport header. Then data at that HP -
35 entry-point is provided to output register 230. An LP cell loss




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 skip over bits in the next good
packet until positioned at the entry-point of that cell designated by the
transport header. Then data at that HP 35 entry-point is provided to out put
register 230. An LP cell loss ------------ 17 would require the resync
| ogic 250 to request cell parser 245 to junp to the next entry-point that
I s ahead of or equal to the HP entry-pofnt. Data subsequent this entry

FI GURE 10 shows a typical -

point is then co Ied to hhe re |sier 252

transport dec‘c’ﬁ’(‘j’él BAYNS (thin Fowng dogict 2eP (e dequeyscehh parser 5ot hm
I nclkugeS(gn jump i @l lt?xeaglm gsrﬁquﬁmm(&ﬁab is adlekddu Rt bpfb'i:ldaq)  ekegpeach
packe egi i S exa sumes a. b

retransm ssi o‘%\mpg%ogét f oﬁjé}tgdﬁ'ﬁ e&qﬁ@ﬁc%“ﬂ{ygm tar’n%l t%@“r &qupleghito
GOP+PI CT headdies reRsdesndans. GOP+PI CT headers are 3 transritted on any
frame; redupdant Seque HAYET s are
transmtted only .in | ?l?gt}rres lome%efgga?%gn%g#%%ers are
transmitted dUgPFgimnfor 7 reneetier heidemasystestondiysi sigorithio Retudesarn

Sequence 15 Hengdistion lcal o] EALEN: WO
flags, which onI roItI Wa?stdc[lietnfcg |(39(?1)ungnat NPE%@n(fg?lg |p38&§185( ?%%r%gn?pé%? E
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respective cel I
and when rcdundant GOP+PICT headers are transmitted during an

I frame, they have second priority to Redundant Sequence
15 Headers. ' |

_ The initialization sequence 300, sets (301, 302) wwo
flags, which control waiting for redundant MPEG data in the
transport 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)

h} ‘ the processing respectii/c 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
1 (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 celis 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 0 (test 510}, then this cell coatains an auxiliary



(Aux cells), processing begins at decision stage (500), for HD type 1
(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
processi ng begins at decision stage (500). Here a test is done on the AUX
Header Designator ldentity. |[If the ide téty is O (test 510), then this
cell contains an auxiliary 18 data grodp, and-the cell is processed at

function (515) .a‘ﬁfgliﬁup_r, e«‘md the16gil isherockasedt ¥t ifen&Qbn Og5 1tshen @_%(e% ( 520)
Sequence’ eadey o eroiaentity) 8 nbf G ther o 4854 (R0} Jscomplexeds tono next
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header (570), hen. nravi des anot her, errqr token
condi ti ons t?}%é@é&%&&s ?lbc bRFOseENREe 0Lt thist headerr §238ki- nheaks atonew
ent ry-poi nt. 8% iithgororessiagt isr eonipletedi|dti pise de Rebr Stﬁ@”@&ﬁee whigadglp @
check on the dere@ntidadel Vi) faor 40). It there 15 has been a
| oss, thelﬁzg&k?ncee .Hegt{ r e;})r%%%s%g%fawgégt" 50 ,Pacgpg)e angd 4f; so, sets

extracted f t ReiApg-tdag| tq dademt outputsr tee siseatero{570) e afdauenge Header -

(359 Irearmoesarmmentoh e (7siecyf Beoh it SRR
ost continuity. Tf Yth FeOTEr 401 B sprepared rier stastiepiosessing at a new
. entry-point. Daring 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 -(7'15) 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 of 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



provi ded (605) to the MPEG decoder and a check is nade (610) for entering
a new frane. If a new frane has been started during the |oss, 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 nade (710) to
determine if the decoder is in a state waiting for redundant GOP+PI CT
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 perfoﬁﬂed (720) to determine if the
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enbedded, cksic offeags waiting for redundant headers are set false,
and . the packet is forwarded (730) to the 5 MPEG decoder ~If the cell is a -
Redundant cell type (tdftth80oll fsnd Munﬂhﬁﬂ%&@!& rE ])o gh? ing
for redundangrahg Sft 1 unda S e Wﬁﬂ% and
t he remaini Bg‘ﬁ {)a WE%ICB Fg %eq%dt P\ﬁa BEdr HE ‘MﬁEG"éé'@@de(r t he
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- information from this cell is forwardcd (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.

.




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 |ayers, a nmethod for segnenting said
conpressed video signal into transport cells, conprising: providing said
conpressed video signal; dividing said conp%?ssed-video signal into

payl oads of no_greater than a predeterm ned nunber of bits; formng a
first data fieE&m@SCID) of NNbits, for identifying the service to which

‘the transport gell iSatfigif R | where N is an integer such that 2" is
greater than  4Q00; fgr? '%g_ a seggﬂ%ma%{?'& syigingfor dxepsamtgqg BVIPEGF compressed
i ncl udi ng a cot¢h&igng! teluding lapered data Seiving IReaBBRCLANSINY 4! §ddcriptive, of.
i'ncrements in @Qﬁé&ﬁéiﬁf‘ergrﬁnﬁ;%ﬂ{ot ﬁel s of |ike service, Form g & ehfhr d
data field (P), of 1-bit Tor i nCrdi iy SPIMEntng 1Spid icampressell Video cigres infohe
priority of adEere eellspegmpesing: forning a fourth data field (CF, CS) of

2-bits for includi ngodsh i Lofarnation, forming a fifth data field
(TYPE) of 2-bits fgir?_i ncgﬁgﬂidr%%é”%%i??‘d’%%%@'videntifier whi ch i ndi cat es

one of a plurality %fdiag ssaicheemprespey vied &i@iarahts; pd jsn sixih. dat a
field (BB) of pledotdmirdid iunfldi Sk pgs.2 f!ag i ndi cati n%.ﬁéaasngf gg%%%tﬁ'i g’!?" a
payl oad i ncludes a_predeterm ned Signal boundary; and formng a transport
cel | including thef®®Hga dridatmfieltl (SGIBY off N-bi, ,foﬁﬁéﬁWMQtthrs%hvicJ 8%@1

. e 0d” set

and fifth andtheitdna il one of, sai d, payl oads. _
forth in clai 4%]0 g?tgi@ihfsttﬁeﬁé:?@gﬂgf wﬁ%rﬁﬁ' f?ga"s'QF%ef glieh khatdds greatdrdhan

I ncl udes prov ng two flags, the first (CF) of which indicates whether or

not’ data is scranBhfi 0, ( f which indicates alternative
scranmbl i ng keys., 3. ,Th%aé]ng?%%}gj gg@ ﬁ%‘f’t(ﬁé} l‘??é'f bisiiot iggluging i eoatinvity iodnt

3
met hod f urt hd¥§his $I6se speeifisiand whitha irmusthdrite iy si a F%?EP i deo
si gnal ; formsegic;seventh data field of 16-bits (t%oeg%;’?és %@%Eﬁjﬂf\ém%
i-nformation identifying associated said data auxiliary to said conpressed
vi deo signal; for fAHNGA thithdata field @ef O-dit foredictihd § é)’iféhﬂr ﬁ{?"\ﬁﬁﬁm ing?cta%s
field and Satﬁmo%béi&%@ba&%aﬁgj d conpressed vi deo signal; an

forming a fourth data field (CF, CS) of 2-

. ., bits for including scrambling
information;

o forming a fifth data field (TYPE) of 2-bits for including a payload type identifier
w_hlch indicates one of a plurality of alternative payload formats;
_ -_forming a sixth data field (BB) of 1-bit for including a flag indicating if an
assoclated payload includes a predetermined signal boundary; and
o forming a transport'pell including the concatenation of said first, second, third
Tourth, and fifth and sixth data fields and one of said payloads.
2 The fethod set forth in claim 1, wherein the step of forming said fourth data
feld includes providing two flags, the first (CF) of which indicates whether or not data
. 18 scrambled and the seco_nq-(CS) of which indicates alternative scrambling. keys.
_3. - The_method set fort_h in claim 1 or 2, wherein said method further in'cludes:
fonning data auxiliary to said compressed video signal; |
. ~forming a seventh data field of 16-bits (two bytes) including information
ldentlfy!ng associated said data auxiliary to said compressed video signal;

~ forming an auxiliary payload including said seventh data field and said data
auxiliary to said compressed video signal; and



21 formng a transport cell including the concatenation of said first,
second, third, fourth, and fifth and sixth data fields and said auxiliary
payl oad. 4. The method set forth in claim1, 2 or 3, further including:
form ng a second auxiliary payload containing auxiliary data different from
auxiliary data in said auxiliary payload; and formng a transport cell

i ncludi ng the concatenation of said first, sétond, third, fourth, and
fifth data fields, said auxiliary payl oad and said.second auxiliary -

payl oad. 5. The mstfhod set forth in claiml or 2, further including:

det er m ni ng m%;ner SANEY BdAnsRet eall ipglgingdbe dondatirmtion onsdid fRANEHORS, firg
deconpr essi on rthy apd fifth and kiR s field including entry
.point information; and form ng adé??g%@%\éﬁ?%g’éﬁ%&ﬁ‘ﬁ@ﬁ W?‘ﬁ'ﬁpt he concat enati on
of said fi rst,4second, third, fourth, fifth and sixth and seventh data
fields and one4of sdhd npsddpss ; T. (g?l.\/A T). NG COVPRESSED

VI DEO DATA | NTO TRANSPORT CELLgertArﬁ'ét?ﬁég@tﬁ%°'th§"® £EP°M'IP% Adigital
conpr essed vi deo si gNAI % P £55A04 augharyypayoad bmbimﬂ@aa)(iﬁdrﬁrm@rdiffé}éﬂqgg@or
(FIG 7) for sagliany datg it 445 alokfiary Pe%?&d data into transport cells tTor
transmssion. . Parpicular 5 portionS of’the conpressed data are formatted
(110, 120, 125) into TUFEREFaNsPart&abinclusing the asncatenstion dfesaid fire) $BE6kd, ¥aikd, S

are i nter sperfoudh,andififthalatefidlys, @aRIUSUGIRE; iq8LLs.  The further
transport cells include redundant video gf%%@bsd%?%éﬂﬁﬁﬁwwxﬁ@w PR¥lP3d: e
to resynchroni ze a conpressed video signgl decoder after 10 |oss or
corruption of 5t r ansitietrhettiod sétForth Iri Saint1 0}2. further including:

determining whether said payload of compressed video signal. contains a
decompression entry point;

forming a seventh data field including-entry point information; and

forming a transport cell including the concatenation of said first, second, third,
fourth, fifth and sixth and seventh data fields and one of said payloads.





