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The pr'esent invention relates to a method and 5 apparatus for segnenting

conpressed video data into cells or packets for transm ssi i er to
allow a receiver to rapidly recover from occurrences of m@@'ﬂm@"@}mm%
corrupted data. ' The Mwving Picture Experts G oup (MPEGQ

establishing a standard for transm ssion and storage of video *@&¢c
primarily for use by conputers. This prbposed standard is detailed in the
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Frames of video data are corrpressed in groups of, for exarrpl e, 15 frames.

Respective frames are gipeh reééHtr?ﬂ érarde% ?t%g ((g z}rt%'é"ﬁ%d fegward

predictive_interframe enco rwar d/ backwar d Predl ctive
i nt er f r ame eRRRHAEUY Fory éﬁﬁ%‘)e“ ngo CE’&%Wel’Sﬁ edrevidgodidatyemntpncslls) pEes

cor r espondi npaél@btbofdrz@ﬂirﬁknﬂséﬁ%ﬂe1ﬁaﬁld§1ahﬂeﬂ to hflow nge r%béimsio The slices
are segnent ed | 0 macroblﬁ_ cks consi sting c% matric |er S.

16
The macr obl ofﬁpé FCERYGHT O POHITEERS & blr%‘éﬁ’élgoffqtﬁrrpﬁaﬁ% uPéff and

two 8 by 8 bHdacks of chrom nance values (U and V 2 5 signal corrponents).

Each of the 8 by 8 chr Wenﬁ)i'&%n Igﬁ&gﬁ(?n )Fﬁew "&ylﬁepresg %uaelly and

vertlcallﬁasubsanpllng conmponen respective
16 by 16 hBcesysbbsking Thestandard fprotr@osmls;s;pnsaﬂdr storagquehceidegy atatior

i dentifying Sﬂ%‘nz&\( %!r %«gr@{ Ic%)dnfﬁﬁ tepd] Chfﬁléyﬁf%ﬂra&@du‘i%n&ar% 95 sequence

start code and he nti exa pi cture size)
pi xel aspect ?‘ét‘kg) 1Bi ¢ ‘Elréo?‘é\m@mbl tF%ﬂ%)m}ﬂlf Qugagizadiony fainber of flag

3}1 tsh etcI gStdrm&j[rﬂtztahM”SeI@@flE@ |Jﬂ3(ng(E§/W|CHIF)0L(Do@fngDIdft M®8in gGOP headEr
ich inclu start .cqde, a ode in
flag and extE}éF 4ng gétsgcmﬁfgggﬁ’( mé %@?&oﬁ%"é g[%)ﬁ?et@ ﬁbé’ode
and picturé Whadargna]l'mromommnsa l(lé‘tefﬁfhxdaéaoierlaymkiudeﬁrmctserqfolvadeo b
2~~~ 2 refergg&earé)l c?rﬂg?es%ggl ﬂg %s(t)% @)r? ffe fHJ H’besss vect or

and pi xel precision vari a h~Co nfl |ers and extension
data. A slicBespegtiveotrames |angs euuh@rpimwaﬁrémeamm i(hcfiamees)a start

code and a hgadeird qsRHIdNY A%t rieC ®ncloakiowPngrddies sl érce
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 luminance
values, and two 8 by 8 blocks of chrominance values (U and V

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

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

35 data. The next layer includes a picture start code and picture
header. The picture (PICT) header includes a temporal
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5 layer is the macrobl ock |ayer which includes a start code and header
data. The macrobl ock header data includes identifying indicia quant|22@@2

i nformation) type of encoding etc. The macrobl ock |ayer al so includes

noti on vectors which are common to the six blocks of data in each
macr obl ock, and encoded block 1 0 data on a bl ock by bl ock basis. The
conpression algorithminvol ves predicting frames of video signal fromprior
frames of video signal and transmtting in conpressed form the differences
bet ween actual and predicted franmes. Sygccessively encoded franes are

dependent on the correctness of prior encoded frane one or a
smal | nunbereBrepsGmPictuge LCoFiBgp type (il cthur Bd, |Q:}1fffé¥n fb“@ﬁi;sot P’@‘é‘loy anéoded.

It should b@memﬂeatsebw fl@g@gmamblt:hpén thncadéemn\tﬁﬁérsd@ﬁddbngsrgﬁdsms
due to data | Qrruption url smssm te through
successi ve fjrﬂg S%NIS?WI %5(59 gg&'ér a}leo pb?‘é‘é? t?ép(%rlgf) i Bn of
such errorssartd &de aodc anheadér |1dagaf)angru;ﬁ |shr¢espd%nlbcbwm@ahatslm must
be _Laken: sHOEKets SHEN IRAGSBIOONS BF Cwhitn HREHHEda! Bakh EYREGRI of ocol

because i f ashi on gp or noi se ransm ssion annel S.
ADTV is a flieadedidataal h@ummbéth dneadeat daw inehules ddemyfyiagfinition

bei g devel oCH, “%“aﬁ“%d"v"%'n‘?éﬁ"fr{'éﬁeﬁf SPRESE e etel (Phe M LR one
of the primiM4cTOBLoGh JHEFSalso Amsiides MOLRT | NAGLORs gHDRalATe y COMMeBhUSt
di gi tal HDTYosSgievikbe tfl@ék§ edfr @%td iial e%%ﬁ@ﬁibléél@nﬁﬁﬂsém&ﬁeﬁmﬂoﬁgﬁv 30

t MPEG 1 f HDTV. I i t hi
5 vz SRLAHET ST nBark: he Hi3eR”HAYSaLhEn COmRRRHA BERR ST custom
hi gher | ayeinnsbivest pr@dlcmﬂlngﬁzRaes 19f tvideohsignal sﬁrbfn preot fsameal of _
Lopustness \Rlied" LM ThETANSHiNSASVirt UAHISB ISARSTHES ifteRRlcR. Thi s

35augrrentat|on| reoritizati tainto a

i~a ~i ° ~> 'between3agjus nnghpp¢d1@rt¢d yfrapmes, | Sucpessavekyy enepdedr ansni ssi on

schene, andfiiiabydge ald e%'@l%ﬂ@fénpﬂ% QRredtfesd POO éi riotl| dricddedd @ fimes.
egradation.in réeceiver performnmance in

services to provid ef ul

t he presééa bj‘b‘f/ pp%@h%?@ﬁ%%bgr of trapjesein ig3OWpf |P9<>ta|r@$ 81 1Y st em
that deli verpseéioamﬁydedeédwtl OIrn Méiﬂdt Hee\ihfhediatel thecbg)medvehata
satellite channel lt is S4 u(mrent ::ﬁ%:devt%l g{)ﬁd by Tho%

El ect r oni cs '{ TEESCCYCT, SAGGING, SFROTH At 'OfS U¥ed© %‘bt il
conpr essi on thutsmissicn neill HPTapaFites thowglomicceesivey tames$ owitlianani tti ng

NTSC 1 0 q”@?ﬁy U oYt 98 prédiahs e E&@a;g‘?{lfor#’b 5‘{1%}9;&:&5%%}{83 a

transport ocol for arranging hierar conpressed vi deo
dat a for 2dbl@acomitadniigwgsn daiTupiiey spesigh mmqa@ﬂo(ﬂﬁamts bgndak@ar at us

for realizi no§Beel 'sHRBPPrécATRIMRC Are dbte 1ﬂél@ﬂ§80{ﬂ tile5NH"EG0§ﬁbthcﬂsenF ed
here defines cells (or packets) of data where each I[Ceﬁé i ncludes a Prefix

and a Trans GF?”E‘?O k W4sh 138 |RRPAgHE o foripise PROSTISHBAs| st s of

four bits ofchaontede] infornmation and twelve bits for service channel
identification. The T Bl , Jdtypi call

e ther A | ary dat o ADHY Rsadndaly gt Sihuicate RGO RS OF
Conpr esséd \hiiglhodcféniiicirs tepplisien (BT Vy)aimsporsingleobdddls broadbadts
responsi ve tfahlier heqdsy dat@nty deyfh OBeldiBpsaORy MKdpaRdEr s, and to

store particur dat a g‘gr roce sor. segnents the
conpr essed ﬁlavusmrb Iﬁ%ﬁe&rﬁh deRBSQMIYsAe .n@nej ofe the PRMBIrHppends

transport h%@?rﬁaé&% 5‘610 AD”[f\PH@‘ ?@'deﬁnf&r hiéh”l ﬁHll?ﬁ'zﬁﬂi rEBGst%ﬁgitﬁw ar

stored head or mat t ed a plural cel cells
are intersp b WEEn Pégﬁ?lf%ﬁsltﬁ}abéé@?l“ll?%é gﬁlﬁ%‘@é%?l‘% céﬁ!es ‘Ar)ﬁ%gﬁrrpressed

dat a. 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



FIGURE 1 is a schematic representation of a transport 3 0O ceII or packet)
of the transport layer utilized in the invention. FIGURE 2 is'-a ﬁf@ﬁaﬁﬂ]@z
representation of a Transport Block for a video service included in

transport cell. FIGURE 3 is a schematic represent ation of an exanple of a
format of Auxiliary Data cells . r~ 1 ~yr ~,; E~ 7ri , 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 schenmatic
representation of the entry5 point datagin two-tier transm ssion systens.
FIGURE 6 is a systemlevel block diagram.dentifying the transport encoder
and decoder tlﬁrtfrrcghretlarltyyétlgﬁa lppaeority s(LPbiteansmfisaiprabcHeme. t 9pd cal

transport enrmﬁﬂes 1a0trEh rét%c@lfid)%%bfrt rrﬂnrteplentdlarw SR9icds, on of
t he transpo Encoder cg di. agr am. o }1 | cal transport

decoder . sotdﬂoé’rtﬁel %i? Bi ad‘?ﬁTBG!EHSPt Iy fe&ﬁéY%tt |P&ﬁ neg e
transport dedmdqrreeénee oof-traasmvssien syirem Detail ed Descrl ption The

transport protocol of mr[e PFesent, fgl’lgrnt(ﬁé)rfal' rg%i.égles Qr&alg@ltsaspd ngl

| ayers; a Tink |ayer, ransp or 1
definition NTSC telev151on to the home over a satellite channel. It

is currently being developed by Thomson Consumer Electronics
(TCE). It is similar to ADTV in that it uses MPEG data compression
but it is not HDTV. This is a one tier system,for transmitting NTSC

1 0 quality television signals

The present invention involves 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

1 5 protocol presented here defines cells (or packets) of data where
each cell includes a Prefix and a Transport Block. In an exemplary
embodiment, the Prefix consists of four bits of control information
and twelve bits for service channel identification. The Transport
Blocks, (typically 128 bytes) consists of either Auxiliary data,

20 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

25 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

30 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 .



2 0 and a service layer. The link |ayer Us arranged to be seryice
i ndependent, while the service |ayers afe service specific. A"’ fﬁ@,vr‘lﬁgz
refers'to the type of data being transmtted in a particular transport

cell, e.g., audio data, video data, auxiliary data etc. ~ The link |ayer
corrprises a Prefix byte (actually two eight bit bytes) which contain
several link layer control flags as well as channel identifiers for many

di fferent video, audio and data services. FIGURE 1 shows the | ogical
structure of a transport cell indicating the rel ationship between t he
Prefix and the 3 0 Tra)gf(p%rt Bl ock. The designators P, and CS are
all one bit designator RE 43 siSgRatehemptici §eﬁI§é%F“raHOz§.‘ t‘WéS AdREsy¥Btem to

i dentify wheirhey-gdifit tcemsapar uthi2ek foncFaiese ¥ngky ointbohe®r ¢ Omipiysseat a
(1=HP, 0= LszLa c?dls used in a one tier systemfoirycell fram nglpby t oggl i ng

i n successi t@elﬁ[ AMhe desi gnator, BB defines 3 5 a bundl e boundary and
is set to a "1" val ue BI{BWHErStheaf sclmant | represent®tiol of th@02ngyef
respectiv e t ﬁ‘% ol flag used to indicate
a scranbl ?jntgmnql[ Jatal % qaﬁd g%ﬁt Wﬁ)nsﬂ:ssm?t %y% toggl es wi th each
scranbl e key change Tﬁ H&Eg@taltsr @nS}SGFID i%V@é blasky diagranwddentifyiag is s

used to idenhel yraaRp¥rCencnaes- afd SE&dIE Y8 fie 204 Is s{&ﬁerved for null
packets, and the value Ugg’iaé reser\ved fé)r future def ion. The

remai ni ng 4094 SCI D val e/ d9a% 1biBFle digprafer P .an@yws@ JANSPEFYi ce
types. Fl GURmcobdét.ustrates the Video Transport Layer which 10 is an

exanpl e f one of many ssi Pl @ .Transport Layer forpats |ce type
can haveqa specific Tr ]3@%}? %I lécﬁ Iwrggr[a_rta-yfﬁpgesag gl BPF‘E?ﬁ %b

MPEG encodedra/ilqemrtTrfmcsqntﬁrt services. FIGQURE 2 shows the | ogical structure
of a transport bl ock. I : dep .t r cont ai ns
a 4-bit | s continui ty coun Esg(&ff tq?gi( (ﬁlgglrjé’nrb Splan(rt:fééap ttarL@ng{]e fo

each cel | trdgfQdet.ed. It is service dependent and priority dependent,

i.e., separate counterf|QURERI A ard OB faCh B6W¢haR bfSPerhtloansk for
each tra Sf[}ntBSI on priority tier. The value of. the contr nuity count
r

sequence f 0 tEANSBaEh desOdRE ebr i NR- f‘)‘irc e}.’)‘i’ow des a neasure of
error detection at respective receivers. A di scontl nuity in the received
count indicates either errors inp'E egﬁré ﬁggtﬁtor a loss of continuous data
for a particular transport servi in the video transport

| ayer contains a 2 s 4Thet tiapapert Pestapadt of (HdD)prekenh inasntino- bit

subfi el ds of; @ d t el gds y ta
transmtted mIYLREee ?fggséee?{&:té/eéfr e@gg, %H?%fs F{lj hhﬂ ﬂ{}fjlefcrieoélt Q?%I{n port a@er HD
types 0) 210 andy r@dser\aree layea. t d heedipdedayen ys jaresnged, tauke | seavicepacket s,

Basi ¢ Servi GadBpekeémst, Emrec tﬁ@ryé@ﬁcé’al(hly@f§ et BeMRES Spdtifieduadant dat a)
and Basi c Servr ce Packe ErG redgndant data he latter two

types are noncEY&fidal ef%rtﬂst}b‘? ‘W’Eng d3tange ttedhdPafe i ncl uded
for conpl et gparsisulatherangpert Redl,ceJer viwloPdatagt sideros daJn@, ankyliappelata

identified icch i ncl udes I\/PEG data in standard formal beit segnented in 3
S transport cells The type "Auxiliary Packets" in general is not an
25 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 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 bundle boundary and is set to a "1" value only for the first cell



'-1 NQ~" ~~~~ 6 MPEG signal though in this application it is,used to
transmt redundant MPEG header data. Nomnally the Auxili ary"P‘]acNQ\ﬁ 2.{}02
used to transmt auxiliary data such as closed captioning data) for
exanple. 5 The HD identity val ues define subsets of the HD types. One HD
type/identity val ue conbination (0/0) indicates an Auxiliary Data G oup
cell) and its contents are defined in FIGURE 3. The fields of auxiliary
data cells are to be unscranbled, therefore PREFIX bit CF is set to one.
Each Data Group is self 1 O defined, wsth a flag-bit indicating whether
additional Data G oups exist in_the sane packet. Data G oups contain such
i nf or mat i on Mdsrespestivedaurgies, erdes desigpates; fh) ds keyeonuisflagsused de
packets are jHgRAtd & GafdnibiAg! skate ! NESMREG epaRded IRt Bit Wilchi Rlgghesi C
service packe.tﬁ i ncl ude e try§5 pohnt data to synchronize the two data
streans. EntYYNp6RGR sSHRAMMACAXEY GMAREE to segnent across cel|l boundari es.

Thi s concep]'E i sdi I USLTm etbsiighﬂ_i(ﬁUF%HD sl ﬁll%d f15esbnm»s/otrdilewﬁritth ¥s poi nt
conmponent i n,thesentry-pojnt dat r two-tier transm,ssi on
Comeome $aRecd TabhRe” NehicBollest o A SETDEVaRE il i, s8R T e
by the videdoprocldspacketshidna tthe ealuey 4095ntierreantvedd o fitnper are

suppl i ed by dep&itibANSPPRE wﬁﬁ%ﬁgfm@%émrﬁ?m@nag dvailaBge pre of fset

to the entry-point posjition in, transport ock. ane type indicates
whet her t he dGAtHNReVATEOUSY SBEVIGR rtyPEAne encoded frame or an interframe 2 5

encoded frame, or the FIGERE e} lilRistratéOfthe TWedéd anmnRpoReLayer Ushictas a
frame cont{nuity counter, dncrengnting once, per.frane. ﬁ%&h the franme type
and the fihd® HlnBAMBLES o OBecBhenanyBRYTRIS ATIAPBR LRYCE WIS dat &
strea][ns. Ehéixedrycseaﬁdengqfeolchng:hai/dem_ts'pdcéﬁcaﬂ‘earéspomueBmm fotrat.r ame, and
speci the 3. -PQI N sition ata stream
V@i | e Kavi ndﬁggeagﬁr@{?ggi hf‘ﬁgg}s (E§I qu ‘g&gt‘%‘&g’ﬁgﬁ ggg?é h?ﬁ%ﬂ:gg%lrg a w de
range of datsaryieess| FdeURBeddemowapthe {dgicpl istructyreclofinadirarspdrf r ane type.
For further y r [ OMF: r i : . egt 41

T2 (ReA 8o, SIOE IO O BEPGie B ERRTIIrY HaFeL coniIC At wpeG
data in flhe CRRARSYLE COBNER (FRS)- belhisi copBieT iaemanipdYiseie £05 ach i ¢

Auxi | iary Paeketrdshinttéd. a IeOoRYy setvicke dWPERdsROURRE Pribaeer dépdtiddntcoul d
span nul tipl.e packet see. C‘é’h 5 nodi f i cat

e second nethod uses a ion of th
Pl ¢ Servi A& TRERGEIT CORBLRS, aTe AN GIREED, for RRECSEYCH WENAT: APds
(GOP) Headerfoansadh atamsmidesaterpridtity itidror nthe omaluentodi thed domtirhetyi deo
service | ayer.. i i i engod riqrity processor
T 5 o £ SO o SelfErcES  Rrk 6 BT 3O T Khde i Y BLORESSYT
for a defdl Ipsdvikescrai pa¢asurof of emior tdeecgBt @inTespeetive creceivarst i ng rul es
are requirediiyitiemePdimotheNgeddidRa toanse PRIdic&eeCkKithBe &r8roUnl | nes

bel ow:

received data or a loss of continuous data for a particular
transport Sservice.
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 O, 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 transport cells The type "Auxiliary Packets” in general is not an



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-Frane, 1 5 and the start oi‘]a!\mv\r,\?}‘rmz A
new cell is started at the begi nning of a GOP (assum ng GOP beg Hean
| -Frane), and the beginning of respective successive franes. A "Basic
Service" transport block format is used on 2 0 the first cell of a GOP, and
the first cell of respective successive franes. A "Redundant Data"
transport block format is used instead of the "Basic Service" format on the
second packet of a frame if the frame gpans nultiple packets. S The
"Redundant Data" format is used again at. an interval of about 4 to 8 tines
per frame. THEEGtigaahithopghsi églsoﬁﬁpbfv‘aﬂﬁ@: NPEGUsEd uendans8iier are

carried as "rBdihbhff YMPEGeheaddt datal NNeomal®y thet ABAliRey Pacred. 30
FIGURE 6 is a bl oc((fI di agr am of I\/P&G engodi n% Sp aratus  including a
transport erdCGd¥reGhcOortigntoatkk1aTyedaid Sug eﬁfi@ﬁ?eq'h%am‘% @%)kdcat%*ncoder
tialkes a I\/PECBoda'eaaBgrleam and attaches a protocol whi f:hd ~'~ ;.];6 d ~0~2 8
Al'l ows a tg ansport de r . ) SSI or. in ' ;

r edundant 5{ransrri SSi oﬁ?g$ @ﬁ)tlagéﬁ%ﬁé?gga@gfﬁnﬁd%%%feéé %tggggrlélglttﬂ}g%oi nts
to restart NPES BHDRIetypti/mdentitypyvalue c¢drabinatiopof®/Opnincdeates2ans eit her
directly froman; ME (f 0 ' afshssiign or
froma MPEG mr”?lglrdl}/? Eﬁ?%gﬁég@f& 'Jc%il, (ﬂdr qg F %fc{ni?%ratrgr ans méd; slﬁoﬁfg;%lfsg)n) . In
two tier sy -err?,hﬂt(\f/%é deodr avkiligy adptat pellyrareytede unscrambled,

therefore PREFIX bit CF is set to one. Each Data Group is self

10 defined, with a flag-bit indicating whether additional Data Groups
exist in the same packet. Data Groups contain such information as
Time Code References, and Scramble Keys.

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 streams. The slice and
macroblock identities are unique over the frame, and specify 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. Patent No. ---(RCA 86,317A - allowed)---.



1 0 one for high-priority (HP) and one for lowpriority (LP),_t

priority processor monitors rate buffer fullness, and generaie ﬁOV 202
priority-breakpoints which indicate where in the data streamdata is split
bet ween the HP and LP data paths for each slice of MPEG data. The

br eakpoi nt data, along with the MPEG encoded data is | ~ the input data to
the transport encoder 12. MPEG codewords arrive at the input of the
transport encoder tagged with data word | ength indicia and data type
indicia (e.g.) header data, notion vect7ors) di screte cosine transform
coefficients etc.). A further

thetrans rt r,is r0|ded by
a systemclock 13. 2 o'W @%ﬁh(?g PE ?%{5}6‘(}&0(5‘? Q‘H 5’1 | gsgkdatt El ver
and transm tTransportd8dodler magt bcbuflheed d ® e tm ethexdf Iu@ms @ spadxfm‘ | ow.

Qut put f d
Cat 6 but  or ALEIAPIPROES S0TEHEY, 4 5odid 3T ind MBERSIXGRENTY ieR4& T3 "
i nterl eaves (adtighf eowd spagi mldﬂ@h@ [sa;mnts:)e sEch&@Oﬁdhéncﬂm}dutuSw o t he
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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
invention. The transport encoder takes a MPEG data stream and
attaches a protocol which:



Encoded vi deo codewords, and correspondi ng codeword identifying indicia
related to codeword type, and codeword |ength arrive at the iransport
encoder fromthe video ? 5 encoder |00. El enent 105, respoiist v%{}\p
identifying indicia captures and stores certain of the header infortatd on
in a menory elenent |10. Data stored in elenment 110 will be included in the
transmtted data a plurality of times to provide a degree of information
redundancy. The data selected for 3 0 redundant transm ssion generally
i ncl udes sequence header data, GOP heager data, and Picture header (PICT)
data. At a m nimumthe dﬁta sel ected as redundant data is that data
necessary to condition"AHONSE® Hansnert dscedesi foddetsst nepissigt 8 st r eam
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transmtted t r | t nleS tiaRt - Bk SO
SR ahl MPRO @ iFRldEE 10NGHE 4 lorles 1121 ﬁaﬁé’rmsléh@qyl _ s@@j gﬁata ay

extracts user data ppl.ies this 1 0 data a menory [

be of many F?‘F’e@eﬁ%éﬁ"%’i}&h RIOCessoE 1 athok: a v HEeT (LFANSIMSEEON are in
color or nOts_,ysltdiﬁ).f o::[ml (xi/octileenim_egﬁ, m&grmﬁabn_?_ﬁtwl\%&h@raw%sed! gi nal
source nmater | f il m.node Vi myde etc.. The r ot ocol.,does
not suppor 9 clfﬁgﬁgﬁh' rl?ﬂ&e&@%ﬁ%gpmen?gr:lrﬁYVi'Bﬂ.onl% Cf%‘tt%'i (heusion
of such i nf @reitityonpeessos momitcrs erater badfergfatiness,i ranak prereratespeci al
processing f X < Sl gpali~kh Y d a t er

r epr oduct i orﬁg?ﬂf}rntggggﬁqlhnzé ug@rml&iapgafg& n&épgécggpﬁi ﬁﬂgu;@%ﬁ‘ aér}?e?l)rﬁansﬁért
cel I's, when igciptnbeteerEitherddP rud P odatacpathe afpsr eadesliceyphdMPEdFcia to
a ? 0 cl ock dae MRS bhdfkpdth®dath O g GWith3thd MPELSSerit sdedCBabigh i s

sanpl ed gn the occurrence of certaln header, data t erate tine stanps
associ at id’ WP? hIte date é@pHWditF?gj‘SB?@Hdé’Pcﬂﬁ?%élehe ogesiidsare used

i n receiver aapjgar at Ushel dnpiovéfdehe raaspee ehceddnahgSodCwimnidasd i @ord2 5
Data from ellgrre tsﬂé%‘é %1<g’dlt15 and .| go .arf cougl e&%rt%? cell,.formatter
120. Nomi nal FUE¥L AR, 2409 0Pec YRS NYITE 19-8m OFPANEMCAlls MPUPles such
data into celectomspngdiscpeick ageme demeifopn theffagientprétat)e A daotheer vi ce
transport h a rdi o] i Ny d .l and 2, 3
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of data, andopeecodefalaky BfeRd ddadtr B0EMISw! @R @hdéldlaw,. the formatter is
condi tioned by the coné}r]oll | 25 to form and tg Qrsr’r{i .Other data. This

er
other data includes a mlgrgom the transport enc 1s 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 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



3 5 information such as tinme stanps fromthe clock formatter 130 for -~ ~
i~ 0 ~ 2.002 11 signal synchroni zation, and redundant header-ﬂag@gﬂxQDﬂg in
menory‘ el ement 11 0. Auxiliary data cells are generated as neede d
included in the data stream when space is available. That is, 5 auxiliary
data cells may be interleaved with video data in any of the I, P or B field
data. On the other hand redundant data is for the nost part interleaved
only with | field video data. This is because decodi ng of video data nust
start with an | field. AII ot her fieldsQof MPEG data are predictive and

depend fromg fi e}] a;I'he éeg ép E’t a cells m tbe i ncl uded at
regularly sp Qe rs\%’laél G5 3¢ Apatiom sSAYHG 418 BOE @PP €5t theeast
a certain m pemice i dathusé an dn‘code'raZ?,o provi de enough information to

i ndi cate decodi ng. The r t hRU n each 1
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Oper ati on of &Z‘r‘ﬁbﬂso‘ s ort encoder jn a tier systemincludes all

functions de or‘rad‘s(ﬂ%lt GOy 5 t RPT vﬁhf}?ktshér%nﬁert pEMedyket i ons

applied to tbeteJﬂnﬁhepwn@thé:y aokePhab atesl loétn orditidlu@és terréide eRgpded
rocessor. (FI GURE 6))
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to a switch T68 wansportordesodsr t $teipsr eéﬁpibenﬁmtm-&omt iata3 frorat dneed in

el ement |45 Wahgééhe b‘PHéEe’Hec%Q?"‘ﬂﬁg h&gdur téfncprﬁﬂegéﬁ& lasaf fITRAE 100) and

suppl i es dat e t'Q eithe el or or c matter 160
for generatl gié?ﬁé?r e 6rS‘LFab§ aé%' éél‘f‘%rer é%p"’e@@flvélliﬁonm’é“@ ement
105 provi destiteaddeodatanspore cfwaﬂbrorsal ra Eamhmlertb 15Ribi ghsegyendaps
entry- poi {1% deI niti pns for both HP N L 2002
resynchronizing tasks, as discussed belo
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 identifying indicia
captures and stores certain of the header information in a
memory element 110. Data stored in element 110 will be
jncluded 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.
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decoding of the variable length data 5 after a packet |oss due to

transm ssion errors. Conpletely formatted packets are sent fromthe LP cell
formatter 160 to a cell buffer 170 for output. Referring to the flowhart
of FIGURE 8, the controller 12S initializes the system (8S0) by resetting
the continuity 1 0 counters (CC) and g gell count. It then checks (8S2) for
an auxiliary data interrupt. These interrupts allow the user to |nterpose
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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
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transport ce generat ed appropriate transport er in ornatlon is
accessed frdwcansg decoding nof videordatar musht StaL; Wﬂbé‘@nt[elg Al 84

responsive tcﬁhémlaa@%ﬂm@eaﬂan% ;smlawu rld @epand Fon Ifqrfe,rragter
are 1 0 ggggltﬁuona cess [1 n{ urr| conpressed video data or
stored h Qdequn *btﬁcé?e Re™Ma¥a de' | aée’éﬁ%ﬁé’éyl SP&<%Qbl i shed,
form ng theinequaki toe as aalmpospacmehbsavmlza:ﬂlvebuswmnhyatt ilestda vEsitdim

mul tiplexin t t ypi cal
transport 1qghﬂeco ﬁl&lﬁgr onct?af tﬁé?&ﬁgﬁ% éj{&s&?‘sﬁéﬁ@{&@bﬁéo ents

235- 275 ar e indtcatacidededingor two-tier systenms, all conponents in Fl GURE 9
are used. In both one ppd tup frﬁ{v%%sﬁﬁaﬁdeé f%}dntg@]%%gm Gousr (CO)

provi des m ni mal i ndi catl on 0 et her Lost _or corrupted
during tﬂasnéFﬁI‘sS@ioé'h cefg@egarghess pbsype. o Theicoatingiy ¢aynbe Gbr.ols ded by

error det ectihbrhEiiedr byEGneNaRd RE/ seccedsivg %@n&ouﬁ@h feq)eaasnﬁ@am& N,
transport cells g% orl ess transFo}%\?cells $ del |ver§: to the video
decoder. The'{§i§e &P{sbSr? ger¥gRien L WHPPGT sHalk 8§afQ: and transport
header data fromrespective transport cells, decodes the entry and 5

transport hela\ggr! ggt ag Fl%rilﬁlsresponm ve thereto provi des data to the MPEG

decoder |n If there is a cell discontinuity, the video
transpor £ ecoder is d3paratiomeof tthei fianspoy gnsedererive aotwped§hchr oni zi ng

tasks, as digggtgaethdGHey: al Pufdtfohnd SdestYVe@ or 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 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 element 150 which develops entry-point definitions for both HP



Transport cells are provided to the transport decoder via a transport cel
buf fer 200. Programmed to respond to the encoded protocol, a ce lﬁﬁ?gsfﬂ
210 decodes the cell headers and separates respective service'pr J @t 02
data. Auxiliary user data is 3 5 directed to and stored in a nenory 215.
Redundant MPEG w 1 ~ ~?~~~ 2002 16 Sequence headers, GOP headers, and
Picture headers are directed to and stored in a further nenory 220.
Normal Iy occurring MPEG data (from basic service cells) is passed to an

out put register 230 fromwhich it is sgzplied to the MPEG decoder. Based on
an S indication of cell loss in functi 205) and the redundant data stored
in nmenory 226ndt he dadunddresedahaycoointoldeéimifidhs watd ssone Vineenaty-t okens

fol |l oned by appr.onLLate. . r nd d ri.gs 220, to
condi tion thégﬁﬁE@Q[ e%é@r&%?gght ?(E%lé g‘é@%ﬁg gﬁﬁféggnéﬁboﬁf%g 10 Two-
ti elr Zysteln}ssen@epgmitodatﬁ foheeaqi?rmbbrgemwder Theaenmfpbmhsysxm_

i ncludes a UM | RS deesE | or Ftdern Sy Wi e-tier
functions apgﬁi gd&tto tﬁg?Hg Jﬁgﬁ‘r‘]‘& de\él‘\?gﬂf'gad[fs\éhiﬁﬁq&lg slégllll;%@m%aggsecond
stream of DodfteFidbrpacketkosspdne kxitransmission |eIF0ts. f reampletelgscr anbl er

19. These | oporpfidtdd tpadkiedd sirer Semelftcmatite apP! ¢l fRntifd! obatses 4l via
a cell buffe{) %35. Eg data fromthe LP cell parser 24S is coupled to the
MPEG decoder PPH&R { b\

FsS¥PYAS via an output register 27S. Both HP and LP
2 0 cell pﬁr sers (210 ?rﬁcﬂﬁfg rees fiec tfloset ygrt @(H@HREHBE]MhEOb@méaHdr
transport he r.data from . occurri sport.c . The HP .and LP entry
data are st o?gg f'ﬁ%r?‘glr%lsi g@e 2%’§¥%[Hd?g§gsfg%p ecstemﬁgyﬁ}ef YLy ?yl 0SS IS

i ndi cat edl Bycomterv{CGGuiand amell comat.enltr yhemichecks 852 dfienany di scar ded.
If cell |0SSsyhsili4di tr kN t 291} Ll 0 re-enter
t he respecti?/!é’?légdt?g gta Fﬁg#&%}ggﬁgheﬁn@% @%E@Jgﬁeﬁéf’g’cgh%f hglgl?att.o Re-entry

i s perfor med™¥§TRISEnSRESI A stormatiops @1f igepirgde fate transprishiami zA&t iah | ogi c
280. The resyaeiia29i tidderAipt! gk Cocelwredd # IRSINErEY&IR)isi Br&ftbaC(854)

boi nt, 30 o (Srufrdaft B (e yE A THoxdd JUECAUrVETHACL 08 the regl ot or s
275 or 23D5amazppieaped.at df there eisarpireently Hib cednrled s spavel|ay alikadle,r eh¢ esync
good packet ttet Sbfrtdedoel aBR MPRS Mar XS Ceil designated by
the transport header. ThenMRBEG data hatchdeked Sarnthey-ogoiirrence ¢ff avi ded to
out put regi si&fuensd- hBRdeP (88B). | 98Sa seqhelc® Readd?O%s 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
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 production of
each cell.
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 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 PICT headers are available,
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the next entry-point that is ahead of or equal to the HP eﬁiinmpi
subsequent this entry point is then coupled to the register 275. S FlI GURE
10 shows a typical transport decoder algorithmfor a one-tier video system
This algorithmincludes an initialization sequence (300), and functions to
process each packet (beginning at 400). This exanple assunes a particul ar
retransm ssion policy for redundant Sequence Layer, and 1 0 redundant
GOP+PI CT headers: Redundant GOP+PI CT qQ9ders are transmtted on any franeg;
redundant Sequence Layer, and redundant” GOP+PI CT headers are transmtted
only in | frthegsarandordtennr ecemdant el@pkerl CTOhéadarss am efdrneingmni tt ed
during an | f C puLrity to Redundant Sequence 15
ondors " eiafBant NI HC (RE Sl Ha sele (301 ) 302) tuo flags which
control waiting for reHuatidest §PEheacarient tMPEG adatpoist npt SHOFIPICTo a

VPEG decoder ) ag T e KL B L s e or he
next start> c%@é“m‘?eﬁidéc%i'\ggtﬁ%s&nww Y PEoSH &S| BWaéffdethgi ﬁ% zation, the
syst elm begerdéQOMPEG plram:.e_sﬁuwnmﬁawtimﬁetcim?mm ise) & ok t Ei s
exanple, there are_three possible . pr.ocessin epenpdent upon the state
of 25 the raRon Bebiialoredesel i3; Feated Rl o€ CBRF Sy ype o
(Aux cel | s) ,GPR/PEETl npadegi dataat deci si on stage (500), for HD type 1
(Basic cells)) processing begins at decision stage (700), and for HD Type 2
(Redundant Cel I s), processing begins at decision stage (800). There is a
check forl ost cell cohebhuili phewvsdan sixemplasyesesuence00f Hanspert
processi ng qfejfd1e 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 ldentity. If the identity is O (test

510}, then this cell contains an auxiliary E1l1~~~I~~-)02 18 data
group) and the cell is processed at function (515). If .at test (510), the
Identity is not 0) then a test (520) is enployed to determine if the
decoder is waiting to recover redundant Sequence Header information. If

not, the algorithmproceeds to 5 the next packet at (400). If a Sequence
Header is needed, and this cell marks the start of a Sequence Header (test
530), then the decoder initializes the processing of this header (535))
checks to see if processing is conpleted at test (560)) (for the case where
al | Sequence Header data was contained in one packet), and if so, sets 1 0
the waiting-flag to fal se, outputs the header (570)) and then provides

anot her error token (575). This error token conditions the MPEG decoder to
be prepared to start processing at a new entry-point. During the capture of
a multiple cell AUX Sequence Header, a check on the cell continuity is
performed (540). If there 1 5 has been a |oss, the Sequence Header
processing is reset (545), else data is extracted fromthe AUX cell to
conti nue 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 nmade 2 0 (600) for lost continuity. If there is a

| oss, an error code is

17 would require the resync logic 250 to request cell parser 245 to ] to
/ rﬁdﬂtgt a
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a source (100) of hierarchically |layered conpressed 1 5 video signa
(HLCVS); neans ( 105,110, |125) responsive to header data otnpqhq - H for
generdting, at least in part, said transport cell headers S 25)
responsive to said HLCVS for dividing said HLCVS, including headers, |nto
I nformati on packets 2 0 of no greater than N-K data bits; neans (1I0,125)
responsive to header data of said HLCVS for generating redundant

i nformati on packets of no greater than N-K data bits including
predeterm ned types of header data ofls id HLCVS; 2 5 neans ( 120, 125) for
concatenating transport cell headers and correspondi ng i nformation packets
to formtransport cel Ihxfoamﬁmar(sx@:epmym x28)) foecdssaer stperginegate

transport Cahps aéan]%ér;&gsdgg DO 2 c%'i'lspé%%s iR TEbEYY §'drofl AR pNoPOrt

cells 3 0in 21 2.
The appar at u§tagethef getlh fermattar nd 20 vﬁﬂé’ir éhﬂ §%@0H@Ian1525‘ or RﬁﬁP@ﬁ%‘ﬁ@r & ng

i ncl udes neagsp f:@tﬁv@Y§ﬂa'r93édd’esr eﬂ\’&'ﬂﬁn{zﬁ?erf ra%U%@.yrdHcrt raaasport cells

(1 ncl udi n%Jredu ant .informajion Sg%ac et ntersgers%qF bet ween tr sport
celI's incl lﬁﬂsﬁna?.ewédzc&kéf 6f SPEENiS dgflyenee UERJISRIORE 8

forth }” cl aird Irevpensive s ldleHltﬂs/é_ @Drtirmsm)rt acdyPhHG @bargdﬂeﬂmdanddsahd
means for ner ant, i nf qrnation pac r at es_redundant
i or mat 1 on T RBRE L HEB5ERHC d¥ Ak clrioRRia®h, A KEedsddna e of ke | on
packets of gnéenmabfmenuony ex (c@ﬂ%uhe,admumm pi Aﬂw erespbadiveh¢adthe dat a. |

> 4. The apﬁﬁfo%trh'r?m%@& t& ciﬁé‘hde“ e é‘&rﬁr&"ﬂ F CAfy Sé‘ég F@ﬁﬁétté Pla

i nt ersperS| uccessi on, a pre et erm ne er of transport
cells i nd|Q1cﬁmghﬂéagdda¢utpmqe(§§ MHEPAN PEENBINE ROBPHLSade VideRicdatdavs. 2 0

5. |Th§ appar@bte]jd S’rf%tadfeprcﬂé’ta: n Nb@é %ﬂcwhﬁfeeltfhxﬁ@bﬁ r&ﬂﬂ%eaeénwtler spersi ng
(el ud ng. rOURIAEd. PERIRY| HIF JROROELs  MADSPROCRUS. BRYOBER SERbor
cel I's includimg idi?iziont nuﬂtnﬂekﬂt@ the helevandadata. 25
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 components 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 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 respective service types of data. Auxiliary user data is

35 directed to and stored in a memory 215. Redundant MPEG




6. The apparatus set forth in claim3 wherein said HLCVS incl udes franes,
I, of video data conpressed according to intraframe conpressi n tech es,
and frames (P, B) of video data conpressed according to inter ﬂ]ﬁf
conpression techniques, 3 0 and said neans for interspersing transport
cells intersperses transport cells including redundant information packets
of sequence header data and redundant information packets of GOP and PICT
header data with transport cells having information packets of MPEG (1)
frame data; and intersperses transportjgells 3 5 including redundant

i nformation packets of only GOP/ Pl CT header -1 ~ 01~ 2002 22 data with
transport cePEgUARGS nléfﬂdﬂ’fér faiPorhesderst andf Pictmee ( Beadgrst asgredideeted 7.

The appar at ugo seid fsered in #!firfRet Wh&H 220, d RotRaNy betussne’ MIPFG
redundant i nfor rr%ron ackets Ind"é‘iﬁz rror$/ nmeans fOr storin hggger
data occurri Agt MleVvETVAM He $285¢d) 110y 3fe PHEP Y TCGSKT 408
r edundant |nf1@mnra\t/hmh mackeﬁtlzggtledn’tdlahdelﬂmad&dﬂe@d Busedi 6nm@anory 1 0

o s, cor rentToChaenr o eethuleys BatuREAoR' 205, ndl e\ ERmGRR (4R, 00

bits, currén
di gi tal vi deotqrcdngm memorys Ak nthorredusdantndatat controdleri @24r stillcal | y

| d | d
signal | ﬁé’Fﬁgﬁﬁéﬁ‘jﬁt@ﬁﬁaﬁ%@ﬁ.fﬂgmﬁéeﬁa%@%ﬁ p{BPLRME, FeflndBlDiuaEE®
| ayers, appat@Msmesiordeymdm iand 280 i épadﬁm%éhPyME@@r decedeprtessed

vi deo signal contifiukr d8epairg C6f | esyh8RRGsizEVe transport cells containing a
first 2 0, predeterm ned nungo N, “of data bits divided between a transport

cel | headkP incl udi ng a second predet erm ned nunber) K) of data bits and an
information packetticaf shstermat a bits, sai d transport cell headers data bits

containing information correspon
i nformati on packets, g rghg Sgamft 3§a F ‘ieicr? T nEhnd '?%? qseé'gnentl ng
(105, | 15, 125yyseaid 1oolm:t®ssaéh fundtionsi gnmnbm of dri sednieetigt rsysteket withnd

formn 120y r a I r [ n tin
1505 190, 15{3%*"’632%“5&2*2?%%%"@ SEiplied 1 he ASRARhaCE | W] GRRYAL00

of said chApfedERY ¥ Heonsi sHsRM RS ﬂ@WnPﬁ@rtté!sH@@SP()@ eelsndi#nt packet s
into furt heratmﬂsl@orffomelth@ déqdahibler SPEr SiTikseailgw PridGfy torangRt t
cells wth Sa' l(fls tarrg1 narpp(i Slaltsc tpgrsdeercﬂlg ' ch?e%% utfér 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 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
or 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
cell designated by the transport header. Then data at that HP

35 entry-point is provided to output register 230. An LP cell loss



~ 1~ ~?~,~ 2002 23 9. The apparatus set forth in claim8 wherein said
conpressed video signal is conpressed on a field/franme basis according to

at |east two types of conpression coding intraframe and inter‘lfr g%; 2@@2
said further transport cells are interspersed 5 with said transrg r't S

of intraframe conpressed video signal differently than said further
transport cells are interspersed with said transport cells of interfrane
conpressed video signal. 10. In a digital video transm ssion systemfor 1 0
transmtting hierarchically |ayered c:lnzr essed video signal in transport
cells, said transport cells being interSpersed with further transport cells
i ncl udi ng r estontthnteqdaten ther reeymentogig 260ptedenaest retl partdéroldSofosai d

conpressed vi deo signal aid transpor nd f.urther. transport |

"ol udi gt riSpc e ned sy AL hal S eiad B5 non Aokl Lo fe dibe,
appar at us coemtrypoigt. ndaata Sobseqomitvilng ¢209, pdiyt tis athem toagledhi
transport ce,]lhles rgggstgfai g—/-gurt her transport cells, and separating said
transport cell hedders_and information packets; nmeans (205) responsive to
transport ell header HHEYREO01Posheiws e ntypical traaspedudeeeddr of transport

geltls bei ng Al‘géﬁitﬁfn %&rwpbﬁ&éwr Wided rs@r@aeg%.ssimtsl ﬁf&ritﬁ%?ﬂ@ﬂt}(i&ﬁ Qn
etermni ng sucn,.occurrence, IS r.an sequen occurrin ranspor
ol Lo unt | T PHAALERUPREACEIACE1A0D0. dhds IRAFUREY 1o AHORES il SHckRy
deconpr essi g(rbelgmmm' i g(%g) 406;&poﬂ§iise?xanpbd chﬁguﬁleisnﬁopmﬁdlﬂa?pacﬁets flor
generati ng r ed vij signal . and |V t th inclaim
10 further ir%gfﬂ%i'ﬁlgi}%hnggﬁgy gglgslieidtllg?'gjflﬂb g%‘i'gg’f(lfeoﬁir‘gg?erd Pﬁ?t her
t r anspor tl @eledantiant daOP+MGhi headeasis pRedundans GOPHRIGK cheadens earef | ost
or 3 0 corr SRAr el 12 cej t h.in claim 10
furt her incﬁ%ﬁﬁgﬁ‘ﬁg@ngﬂf tc?rngldifg%gfdi%eg@gag?rgg,ﬁﬁ%%% ‘aé?%‘t’i anfl 2% U ther
transport celedandpnhdGRR tPHRahraderss apndeanymitted Hriyoin Eeirpmes, s
Eieggglzng4saéﬂiif\Wh’éhe&e&ﬁﬁd'z&&oVGOPQJP'IE’IhQVchd*é?@naﬂeoifad%rrni(%&rd Wirgdg an-1 ~~
1 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
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)
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
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 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



13. The receiver set forth in claim10 wherein said transpor,t LI Bﬁﬁders
i nclude indicia indicating whether corresponding transm tt'e lffé
cells”include conpressed 5 video signal or said redundant data, and sai d
recei ver includes neans responsive to said indicia for determ ning whether
respective transport cells include conpressed video signal or redundant
data. .Al?. AL.Aje. A As. Ase. Asy. A .A5. A A, A
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provides another error token (57 ) This error token conditions
the MPEG decoder to be prepared to start processing at a new
entry-point. During 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 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
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redundant header, and it is not embedded, then the good packet is
skipped (725). If the decoder is waiting for a redundant header,
and - it 1s embedded, the control flags waiting for redundant
headers are set false, and the packet is forwarded (730) to the

S MPEG decoder.

If the cell is a Redundant cell type (test 800), and the

transport decoder is not waiting for redundant information ( 810),
the redundant data is skipped (815), and the remaining data in
this cell is forwarded to the MPEG decoder. If the cell is a

10 Redundant cell type (test 800), and the transport decoder is
waiting for 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.
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segmenting said hierarchically layered compressed video signal
into transport cells, respective transport cells containing a first
predetermined number, N, of data bits divided between a
transport cell header including ‘a second predetermined number,

10 K, of data bits and an information packet of N-K data bits, said
transport cell headers data bits containing information for
identifying data bits of corresponding information packets, said
apparatus comprising:

a source (100) of hierarchically layered compressed

15 video signal (HLCVS);

means (105,110,125) responsive to header data of said
HLCVS for generating, at least in part, said transport cell headers;

means (115,125) responsive to said HLCVS for
dividing said HLCVS, including headers, into information packets

20 of no greater than N-K data bits;

means (110,125) responsive to header data of said
HLCVS for generating redundant information packets of no greater
than N-K data bits including predetermined types of header data
of said HLCVS;

25 means (120,125) for concatenating transport cell
headers and corresponding information packets to form transport
cells; and

means (110,120,125) for interspersing transport cells
including information packets of HLCVS data with transport cells

30 including redundant information packets.
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2. The apparatus set forth in claim 1 wherein said

means for interspersing includes means for cyclically reducing the
frequency of transport cells (including redundant information

5 packets) interspersed between transport cells including
information packets of HLCVS data.

3. The apparatus set forth in claim 1 wherein said
HLCVS conforms to MPEG standards, and said means for
1 0 generating redundant information packets generates redundant
information packets of sequence header data, and redundant
information packets of group of pictures (GOP) header and picture
(PICT) header data.

15 4. The apparatus set forth in claim 3 wherein said
means for interspersing repeats in succession, a predetermined
number of transport cells including redundant information
packets of sequence header data.

20 5. The apparatus set forth in claim 4 wherein said
means for interspersing includes means for cyclically reducing the
frequency of transport cells (including redundant information
packets) interspersed between transport cells including
information packets of HLCVS data.

25

6. The apparatus set forth in claim 3 wherein said
HLCVS includes frames, I, of video data compressed according to
intraframe compression techniques, and frames (P, B) of video
data compressed according to interframe compression techniques,

30 and said means for interspersing transport cells intersperses
transport cells including redundant information packets of
sequence header data and redundant information packets of GOP
and PICT header data with transport cells having information
packets of MPEG (I) frame data; and intersperses transport cells

35 including redundant information packets of only GOP/PICT header
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(110,120,125) redundant packets with predetermined portions of
30 headers of said compressed video signal and forming respective
redundant packets into further transport cells, and interspersing
said further transport cells with said transport cells with declining

frequency.
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said transport cells of interframe compressed video signal.

10. In a digital video transmission system for
1 0 transmitting hierarchically layered compressed video signal in
transport cells, said transport cells being interspersed with
further transport cells including redundant data corresponding to
predetermined portions of said compressed video signal, said
transport and further transport cells including transport cell
15 headers and information packets, receiver apparatus comprising:
means for receiving (200,210) transmitted said
transport cells and said further transport cells, and separating
said transport cell headers and information packets;
means (205) responsive to transport cell header data
20 for determining the occurrence of transport cells being lost or
corrupted during transmission, and responsive to determining
such occurrence, discarding subsequently occurring transport cells
until the occurrence of one of said further transport cells, and
decompression means (22) responsive to said
25 information packets for generating decompressed video signal.

11. The receiver set forth in claim 10 further
including means for substituting data from said further transport
cells for data in said transport cells on the occurrence of lost or

30 corrupted transport cells.

12. The receiver set forth in claim 10 further
including means for discarding said redundant data in said further
transport cells if no determination is made that transport cells

35 preceding said further transport cells have been lost or corrupted.
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respective transport cells include compressed video signal or
redundant data.




