;e3ezz{}8} 6@l pM 1 METHOD FOR FORMATTI NG TRANSPORT CELLS FOR CONVEYI NG
COVPRESSED VI DEO DATA ~~r~wrn The present invention relates to a method and
S appar at ting conpressed video data into cells or packets for

transm ssg@\“mm er to allow a receiver to rapidly recover
occurrenc 0930 5sing data or corrupted data. The Mving Pi ctu m
Group (MPEQ &% 10 establ i shi ng a standard for transm ssion and stor %///
video data primarily for use by conputers. This proposed standard i 0160
detailed in the docunment "International [ Organi zation for Standardi zation",

| SO I EC JT(1/ SC2/ W&1) , Codi ng of Mving" Pictures and Associ ated Audi 0) MPEG
90/ 176 Rev.2) Dec. 18, MEIHOD FORFORMATTINGMTHAPORS diirglar chi cal or

| ayered. Franes of video RQR €ONVEYINGCOMPRESSEDNVIDES PATAT Or exanple, 15
frames. Respective franmes are either intraframe encoded (I franmes), forward

predictive interframe encoded (P franes) or forward/ backward predictive
interframe encoded (B flihampsyserd OnEenthod relatess tali ¥ nhethodt and| i ces

correspondgn I ZQn . | 4 he slices
are segment e ?ﬁ&a%f??oé%“t O SRfiDresSed vidkd, ol O RERS, o 2 O o
The macr obl oRREK&s ef@in ddsamissionoin 8 wngeblt@cnélom q J@Pﬁbﬁ%et@al ues, and

two 8 by 8 biaﬂﬁ&liy Ofe cOREP NTrdmil COcMitrbfSes OfangisYing Uathopal c@ﬁﬁp%wnts)-
Each of the 8?35% 8 chrom nance bl ocks are derived by horizontally and

vertically s npl i ng conponent chrom nance val ues representing respective
16 by 16 nmacrobl ocks. The Mgvialg Plianﬁ@CExpmtd Gifowp {MRRGINare | ayer for

start codedabuROYRE (o, PihGhnd MOF il irigN ol SIHER ey ik B4ERCe.
pi xel aspectprimardly goctuse byteompitersat éljhlbuprepoa@dzes;aradawdnber of flag

bi t t F t I GOP head
whi ch ol udee e in’ 16 BOUERERL HRbRichAl DR AL IR, Cecn ik

flag and extgF?éid@ﬁ dzatiogay JSQ'ﬂEqﬁeut(llSa@W%b ddeding ;ﬂfcMﬁ‘emﬂt art code
P P s dilesnebuis (LD, e pcie s, DRt 10,
oLt oo s el bRoddS: Wieribhal ot ik Eheelly s B okilestn A
slice start dwieaf@ldmwpredsedpmtgxroelplsaysé,r fanc:xameplegels afratraest code and a
header ident REyh0Gib0erAES arkO i@ "thitifiafle Gheoded (I frames),
forward predictive interframe encoded (P frames) or
forward/backward predictive interframe encoded (B frames).

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



5 layer is the macrobl ock |ayer which includes a start code and header
data. The nmacrobl ock header data includes identifying indicia, quantizing

i nfornation) 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 franes. Szccessively encoded franmes are
dependent on the correctness of prior éncoded franmes. I S Only one or a

smal | nunbegefefrehdampictufe & difgPtyie RICIPUrBY, ibafRANfRNRELCt adby anfoded.
It should be.i d| a elr}/ {]ecognl ze recei v. r decodi ng errors

t hat
due to dat abitts PEPEIET oS VA0 [GRENFaLs cHeMTIEns  BpSgSt @ o bugh
successi ve flasnesAwistibenstarGoBdel fbl(bd)dertlteOpwtecé Udeget hmdpringladat i on of

e taken. rounyeodd, A0S Aok RRr (ERRFLIRET E SRBeet YRR e iR URES ocor
because i D Waerf ashihenetagsobhanki lgyénrwhishs éhadudes r anstartssioda ahdinnel s.
ADTV is a fybhyedi ghal ?h@hﬁﬁﬁ@@% daat qf "1}{8 u'iie% §dé}hg{[}fﬂ finition

television (HDTV) 1n a sin oa cast canne ntly
bei ng devel b%@l%yqvﬁetm%ﬁeé@m‘r@m@m 4¥P% ¢fe§é‘§P€h“KZdﬂ§ortT (ATRC). One

of the prinmaiacrd®sddd 198t saldb MIMdes HdLHR I WeRitofy GPhithalaré Ycamendpbust
di gi tal HDTV service for]ﬁt?ﬁfrgst ri.al simul castb transm,ssi One§l| Sﬁ%ADTV 30

syst em uses! sBmbles 8tdhdRnfich mareblacknand ¢sad K within
a 6- Mz tiadaed .orHawdleck tie HOBKE bmsaugﬁmmmmohyabgtﬂuﬂl@na cust om

hi gher | ayer t hj

rogust nes)s/ n% ")régn Feedlé EvaAe%rqg‘%o qulgér; %1?}’1?1 #EH aé{gﬁﬁt s@#%ﬁgn%h a. This
3 5 augment a(tlﬁlmn $1|g@|ahdmdttrenpm1ttmgnmatqompm‘SSWEtordm ahendifferanges 3
tier high-phiphbty GERNa hﬁ&’ B’iécﬁrc'téd’ (rhﬁ)es”aﬂﬁ&ﬁs%‘l%'l HePReqand

includes a transport protocol ‘to support multi ervices,' and to
provi de gr aéEHOES GOGr Mﬁ“@ﬁ“i nOR eE,l'Eq \Fé}”%ﬂﬁﬁﬁr in d¥19T ange Sfle&ﬂiﬁ‘és of

transni s$io0ElkT BHE- ob a si?-?\dlpqm%b@r ff frainesdimid grogy SéPictuess delnoter s
standard defi nlilon NTSCt % Qhﬁlglﬁis e hone%(ﬁléer a satellite channel.

It is curreM PPy FEGR fely aeeognized (Rde) . 1t
is simlar o ADE¢eiver, hdaecodmgsesrdVPEﬁx@latbadtamnbessmorzsobnipudn i duriwog

oI ars iufeRiSidd SifY BEERAdAE LRANRR IS IEEC hBeSuBhitiY, 4

tel evision si‘ghars i res atra protocol for
arrangi ng hi(eW8r chlunc@rrdgr ftor prealede ctdsuczppecsmgatmméxf smla efrocorsr ahdst

transm ss'cp@oheoﬂm-&yt G | S oﬁheﬁ&%? ,[@&féaﬁamrsamstf P ftgRLMH ZI NG

the transport protocol. The transport prot ocol present eSdg'r ere defl nes
cell's (or pAEREEYST SUCHAPEEGHEIAN S A& 'a:%q |m¢lﬁépngs thepMFESG pratogol

Transport Blb@@husé nitary &X faRh e de rproshiafB@t fort heoiBERSsk X tra@ralissionof four
bits of control formation and twelve bits for service channel

identificati (gﬁm & Tr ansport Bl ocks, (typically |28 bytes) consists of
ei ther Auxili ary dat a, AD'TV Redandally dffitlHeanelcast oysemndet ddélEssdat a.

Fespons ¢¢ (HEirachRiAT ERRISED KBUET Y I B S ErYEE 8P ang 1o
store parti @lhlaaneheadterlsdauerenﬂtye txmagus@@vclopcdcbssdle sadvameed t he

compr essed daayistp etdrbh 0ekis friin R TRCY, Nodnsl 36 (@BhAnfargPpends

transport hea ormce Fansm ssSi on rticular
stored headdlestgft £9as fof AP isnt® @plwqxr high-qualiteeands rshastt Kigdakel | s

are interspgpqoy DRIVREN fopIerAskdaPGEMuIENY GHASASSIYE CaHeS ADToONPr essed
data. FlI E 1is a sc c representation of a transport ?;J%Pc,g | (or
packet) SHEGT alEGo BEQe‘FO‘UPF‘?ﬁst% ton PEHBLG ATAIRIISH.ONEO is a
schenat i c r epg eslenivaghiipna of-MhZretnan@ilt 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



Bl ock for a video service included in a transport cell. FIGURE 3 is a

schematic representation of an exanple of a format of Auxiliary Data cells
~t. 4FI GURE ~ 4is aschematic representation illustrating

anentry-poi ntconcept utilizedfor fast re-entry into the conpresseddata

stream FI GURE 5is aschematic representation of the entry-5 point datain

two-tiertransm ssion systens. Fl GURE 6i s asystem | evel bl ock di agram

i dentifyingthe transport encoderand decoder in the total system FIGURE 7is

abl ock di agram of a typical transportencoder.'1l OFI GURE 8is afl owchart

representing operation of thetransporté%coder FI GURE 9i s abl ock di agram of

a typical traaﬁnqrm pAaeedsr (HB) GYBRS pidérian OtLJ;QBtﬁarr@nﬂsLloﬂWébﬁéﬁqeofand
operation of S the trans[%(?)rt decoder of one- tlﬁFR) geo system Detail ed

Descri ption *ﬂ?éu‘??%lr%p%??s 6t BEYrCS E‘heg“ﬁlpéé'erﬁ“’ Abh SeR¥lSSdes t hree
data protocoand axerprovade i pkadedyberdegratineioapi trdceywsr, perfbratchoe darvice

| ayer. The Iih%kadr ggg ?‘%,S grégggﬁ‘%%g“b%‘%’g%: gg I ndependent, while the

service | ayers refers to the type of data
being transnmitted in aDpeedT¥uisara tfullys dogitalcslyktene. that deltversdstandavd deo

data, auxil '%Mng i §TSC %ei: é\}vﬁn F}J‘%hkaﬂgﬁecfw@f' S??tc’i’ik%" Shhgndyt ey

(actually two el g b|t b contal n sever ayer control
flags as welis &yrmbhebelunae veleped fay heeomsant Congnmeyi Eé@ctrgmmm and

data servi ceErch CUREsL seifiwe tbhRDPYI fakh &t ftugded” MIEGadAta20sBptdssidH |

i ndicating the relation en the Prefix and the Trans | ock.
The desi gnat 8¥& P! B9t %@fgndﬁs dfed Ane HSE systerader épmsgpétmg—ﬁgﬁ“tSCB

desi gnat or ) Qualisy usdevisior signdlser systemto identify whether the
ransportblock, ncludgg. i gl gf, ey REbR geL 4o b lesplds o
The desi gnat arrangBgiehiaresclaically tfonmiaeteﬂommaplgcsaudi videxetdata dorl" val ue
oo 7 e syl SAECL Yo Bon LhguiER. a8 15 2
whi ch t oggl e%PmltahU%afm Jeplatng they ttafmmét protocol. The tran8p0rt
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 .



The designation SCIDis a twelve bit wcﬁd which is 5 used to identify
service types. A SCI D value of zero is, reserved for null packets, and the
val ue \4095 is reserved for future definition. The renaining 4094 SCI D

val ues are avail able for defining various service types. FIGURE 2 °
illustrates the Video Transport Layer which 1 0 is an exanple of one of
many possi ble Transport Layer formats. Every service type can have a
specific Transport Block format. This description pertains to MPEG encoded
Vi deo Transport services. FIGURE 2 shogs the | ogical structure of a
transport bl ock. The first field of the video transport |ayer contains a
4-bit 1 5 continuity dUGUWRE (4CGy . a Thibentatuntrepré seamauiemt dlusyradivgg fawr each

Ceparat o coshrRollt, RuREpL; f8HZERT A dastole BALS] bl (R pressed )

transm ssi odapai stieaynti er. The val ue of the continuity count sequences

from0 through 15. TheriepURENY iy £AHentuft REAW ARRuROTEAS e Alupr T O

detection at respective receivers. A discontinuity in t ecei ved’ count
i ndi cat es JeiPOABt @3430A8 {WOrdeki (FARSHAISAOBr SYSEHYS of continuous data for a

particular transport JEGURE 6The Deyktem cledel bIbOR diagesmt idRPRikg | ayer
contains a 2,5 4-bit Header ,Desi gnat or d%?DK whi ch gis two-bit subfields of
Type and | ddfi¢i FPNSEPE SOEPAEE 0%91 diﬁ‘?ﬂ hetheo fabe SYRIER t r ansnitted i n
the respective data filIGURBE7 iha YiedHo diagnapaft aleypical Hanspprs 0) i) 2
and 3 are u%%%ogperr espectively identify Auxiliary Packets, Basic Service

e

Packets, Basic Service Packets with MPEG 3 0 redundant data) and Basic
Servi ce Pdtkets with NEIGWRES & asunddowctartarepriesentang eepanationy pésthgr e non

standard fortf‘?mﬂj r ¥dei Ng MPEG data, and are included for
conpl et eness. eor:[ype 3 asi ¢ Service Packets" is the only type identified

whi ch incl udes MPEG ddfi & WREOantiar dledk diagisen tofsaghamnedld tianspos t r ansport
cells The tyysoddxiliary Packets” in genera( is not an 6 MPEG si gnal

t hough in this applicatj it 1.5 used t ransmt redundant NMPEG hegder
data. Nomnally the A xﬂ@&%ﬁ Flz)c‘}(e%d altbg ded tftf"f'&?ﬂfén(? CREIAUIMRf dat a
such as dlbshd capnspoitngedatier dfora enantiee.viBedheydtBni.dentity val ues
define subsets of the HD types. One HD type/identity val ue conbi nation

(0/0) indicates an Auxiliary Data Group cell, and its contents are defined
in FIGURE 3. The fields of auxi IM@EQQQ@Q@e to be unscranbl ed,
therefore PREFI X bit IS C a ligveflibn10 defi ned)
with a flag-bit indi cg?érlgtré\/ﬁglt)él‘gr 93@51"5?095%@% é@uﬁsvexéls!{] in the sane
packet. Dat dnehusiess thisst dri stromocelr dayresi oh ligk Thaysricdddravsperenast: and
Scr anbl e XMeyshd BasediSer My PIhieelinkalfyars e arfangidr Yo B tsepficehe MPEG

ded data. ,Two-ti b ket s includ tryl.5 ppint data t
synchr oni ze PAEPERSeRar HNEler dBfeSeiits JAYEI AL PP HARPRICCHE (o segment

across cel |l "servidal i efersThostlmongppt of sldth| beingatehsimttedGuUREa 4. FI GURE 5
shows the entry-nejn und, it eng £y-pai fi el or
two-tier tr nagx%cgg%ro%raglgﬁg?rgggﬁLsrhé'%r‘r%rlrlgl?y%gt,a’ rs]{'lldég) HgnMd %g%?b%ljlyoﬁté 0
identities &te.supplied by the video processor, while the entry pointer and

frame nunber are suppl g ikt N ek BORRITesPE OPRTEE by ENeadally RALLE 1S

the byte offset to the entry-poi’nt posftion in transport bfock. Frane
type indi cat@@ghivhit nleytes hewhigha qostains severh lipkr bayeangeoriebddass rasne or an

interfaane %v?lle%oé'@ﬂ%r{dlai%ntmeis[‘%fitﬁ\%hycaiﬂf?fﬁntav%, Iba%cf Peitis gugtﬁer
is used as a, franme conti unter, incirenenting once per frane. Bo
the frane tﬁﬁaamviw-fmﬁﬁﬁb‘ers Q4 dhe ﬁggwérgégr‘?fé‘ﬁ? o‘i’l[{ ZatiaRsPOFL t he
t\rll\o- ]Ei er dat@éstimammg'l'ﬂmes|rgmicﬁm¢iim§ét®@ém!¢hbd9mﬁiki aadatlee uni que ﬁver
the frang, speci t he nt ry-poi pt SiAd on out codi t he
MPEG da?g5 Q fé‘&ﬁgowﬁ?{%%av ) (%ﬁbg'éﬁ li'gypp t dp}iera %ﬁﬁ]izgeagge%q gﬁgtgoal ,
there i s a vdaegmatoge ofThdatesigaental iReidaepseddanta twontichesystémr kdy channel
and frane ty FOor I rnLnf.ar |0 e i rQc esh uU. S
%B%Pﬂgg ggfééqg.i tpea}{&g%gggc_ b188k CTHCId 0! KighP S F5 Dricissy

Patent No. --- i )
data (1=HP, O=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



7 Two net hods of carrying redundant MPEG data in the Transport B | ock may
be utilized. One nethod uses a specific Auxiliary Packet to carry a copy of
t he MPEG sequence Header (which could span nultiple packets). The second
met hod uses a 5 nodification of the Basic Service Transport Block to carry
a copy of MPEG Group of Pictures (GOP) Header and Picture Header. Al

I nformation contained in the video service layer is supplied by the video
encoder (and the priority processor in a two tier system. See U S. Patent
No. ---(RCA 86,317A - allowed)-- 1 O for a detailed description of a two
tier system Specific formatting rul esdare requi red when encodi ng the Video

Transport Bl e ishe HBET h D bit
1is toggl oo fegReRE: EEHMS ueﬁrc}%eldég pakly, OFLIRTP chaudl Aablgsebibp B0
C

1 5 and t he '8iate # sgrpmp ‘ﬁﬂfesmﬂﬁ ne é‘i |a angpbrst)’é'él hit Mécbe@igﬂM%g of a
GOP (assumi n,gu@abﬁggmn\t\b[&;h Ky Ichﬁﬁgge and the begi nning of respective

successi ve franes. Servi ce nsport | ock. format s ,used on 2 0O
the first cell of a EE‘l"’a (FLepAien aowe ¥§p@ét?"\?ggsﬂbb‘ﬁbé§ve

frames. ' A Jseddundashtibatsetvideangpar t A)ISCKDf oalut of szareeik iresdéread of the

"Basic Servige" far rggglfg& t%gddztﬁg gh%ag,rlﬁ@ts q% ‘%ng‘;%ﬁsgé {gj}%rérarre spans

mul tiple packets. I'h at an
interval of deftnition. t oTBet ramaingeg 4@%§Cmevabmndmtavtaﬂla $eri fosi ons of
the MPEG Seqigigigi s eadsbud &rvidd | §peds "Auxili ary Packets" at an interval

appar at us. i hel ué.ef;’”i FRAo L Whermess T il St S5t SHOAAS, o
The trandmris gAcegfmnplakss o@eNBEGTﬁﬁyapérsslammﬂsﬁbitam@&rafdihoett@col
whi ch: Every service type can have a specific Transport Block format.
This description pertains to MPEG encoded Video Transport
services. FIGURE 2 shows the logical structure of a transport
block. The first field of the video transport layer contains a 4-bit
1 5 continuity counter (CC). This counter increments by one for each
cell transmitted. It is service dependent and priority dependent,
i.e., separate counters are maintained for each service identity and
for each transmission priority tier. The value of the continuity
count sequences from 0 through 15. The continuity count
20 provides a measure of error detection at respective receivers. A
discontinuity in the received count indicates either errors in
received data or a loss of continuous data for a particular
transport service.
The next field in the video transport layer contains a
25 4-bit Header Designator (HD) which has two-bit subfields of Type
and Identity. The subfields identify the form of data transmitted
in the respective data field. For the Video Transport Layer, HD
types 0, 1, 2 and 3 are used to respectively identify Auxiliary
Packets, Basic Service Packets, Basic Service Packets with MPEG
30 redundant data, and Basic Service Packets with NON_MPEG
redundant data. The latter two types are non standard forms of
transmitting MPEG data, and are included for completeness. The
type "Basic Service Packets" is the only type identified which
includes MPEG data in standard form albeit segmented in
35 transport cells The type “Auxiliary Packets” in general is not an



8 Allows a transport decoder to detect mssing or invalid data;, Ofers
redundant transm ssion of critical data; and Indicates data reentry points
to restart MPEG S decoding. Input to the transport encoder 12 is either
directly froman MPEG encoder 10 (for a one tier transm ssion systen) or
froma MPEG priority processor 11 (for a two tier transm ssion system. In
two tier systens) two separate data paths are used, 10 one for

hi gh-priority (HP) and one for lowpriority (LP) data. The priority
processor nonitors rate buffer full nesEh and generates priority-breakpoints
whi ch indicate where in the data streamdata is split between the HP and LP
data paths MPEejac‘shgﬁih cleowdh I\(REﬁhldaa thteo(bneakp@éem tdatransmhtong with the

MPEG encoded enc 2. MPEG
codewor ds ar“ﬁgl J‘?{BE@&?“ m%aﬁl Xt‘léﬁ’a'egg ° dat a
word | engt hamdlusmda tandaaiatratt@npeluanydldata fecly. as hﬂadm‘ cdqnmnmgt data,
vectors, di ggf eEf’a@@% ne transformcoefficients etc.). A further input to

the transport enco i s provided by a systemclock 13. 2 0 This clock is
i ncor porated to genl ockhe HaDr idesnitityr vahiest definei subsets ofddodtl txpes.

butfers do e oMey 1} W(mrenmglem&wco%mmnrC(nsygqnai@mépoaﬁ encoder 12
is sent to Vi ce @ exer and rate buf \

I a a dat ling
mechani sm 1 “*I* Ty Para, Group eslli dingr flsagenrtenky are r‘tﬁﬂ'&ed\?‘@lm&@b
servi ce soun¢esThdhfielist potadxitiary heatautdliplaggelo bz LAs@anpibied, to t he

h d d 20
Fecel ves. celherefpanPRRFIEE Hit T2 aE o 1B etine Ehct BVE BEoHR 5 56l “ser vi ce
denul ti pllékeiefamﬂ redth buffieg-bis. mﬂlmeatdegnﬂvheﬂieexaddrtanminﬂam Gooupe data
0 3.0, the SSigl 6P dUPSahChal,  NSatd BHARS cBftaln \ARYCTnERRRAIGH 55, dat 2

of different _servicet ({)/ Separate ypes to
appr opri at e Timse dseda @:ﬁerremez&, yan S}Uéﬂﬂﬂ@p&@y&at a fromthe demul tipl exer

18 is coupled to a desa‘mebsawé@ IKels PRET Q5P 18 €255 Al O thenction
which is i n\ﬁg@cﬁto th arrbl | function element. 1 Descr ambl ed
I

data is app o°RfQ i el il aglczéef%ﬁf:cﬁa%]%‘ﬂérﬁ’t UdeeeREY- dat a
from servixzgdiat &laaadt@ps}lno@ﬁohm heViwe dafad streatngdec Bhery-pdints

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 1s
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

3 0 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)---.



Qut put fromthe transport decoder 20 provides both a systemclock (21) for
synchroni zing the receiver to the Stransmtting service, and a data path
to the MPEG decoder 22. Wthin the transport decoder, error checks are
perfornmed to determ ne whether a cell has been |l ost or includes errors. For
exanple, the CC code is nonitored to determne if respective transport
cells occur in proper sequence. Only transport cells for 10 which no errors
are detected are delivered to the MPEG decoder. The transport decoder
strips off the Entry-Point Data fromthe transport bl ock, decodes this
header, and presents data to the MPEG decoder in a suitable format. If
there is a cell discorfwouinigthotdbeof/icenyinganshardandeMRIEG idatpriagtikemed to

initiate a f synch ingyta S SGu el ow.
FI GURE 7 I:ﬁgﬁ?@ rﬁ él(gd?am MQ ?&g?‘%‘gl tbrnéa’nz#%rltoaelﬁg%sdér §I§%qrﬁt%one tier
transmi ssi orAls)ylétaeyrsPa@:kﬁtpumeCmrsy 124 SOPFO odir elmMPEﬁ.‘clsaqeqnceFdﬂeadm tier

systems, all rﬁﬁm%@m@ss aﬁﬁjﬁﬁré Piaioed. TRO enld efisal 688 Fnooded

vi deo codewo and corfespan mord i entrfylng indicia related to
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plurality ofsuppiied by phevvdteOa etiegder (ahdi rntt@rpmbnqn pmdamb&na;uy a Thweo dat a
sel ected for nd g y des ce header
dat o, oop ndisteryHEMI™ afe 1 &0 PhR o of STRREA BETATALS aMBMICE oS
dat a sel dd} doraz d@ddndadtsdapaonsot" rtatt“dhttwrn@y:ﬁsgary to condition an MPEG
decoder to begin decods;sr@cmcd%%nfatﬁﬁgrrtmsctarértnaﬁegeﬁeu ehehednabdiider

t han t he begrnnrng of _a data sequence a sequence nma
i ncl ude a | d4hge Vidad el rasponpb Blogke @ r‘\‘@eo‘?mthrn&ﬁshﬁ Y¥d MPEG data requires

use of the sequence hegugr Hent dsf 11 ke sl HDNHES Bibtloid hegglatiaomfther the

occurrence of the sequence hea er he may .not e to deco the
subsequent data. The t I s HYenGeohERRT 8£s%r(r}§$)cl ﬁ%&r ghapt o g‘?e‘i‘?

provi des Isequence and atdehensededhaadeFralata for decodi ng short I y after

entering the transmttg a. sir.ea it red. El enent
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data may be of nany difasenemngt begins awithi A é-tl%tap@,) wingl e t he i mages
are in color or not,; lg'fgtfn?t'iﬂ% {)fchf Eﬁ%egﬁé@é&rsﬁ%asﬁhﬁﬁ whet her the

original source materia or video node etc The EG
protocol does not supptit’ Bﬁ&'lcu§i56YﬂC6f rARSROT yhlask o formato iyasegnon However

20 the first cell of a GOP, and the first cell of
respective successive frames.
«A “Redundant Data” transport block format is used
instead of the “Basic Service” format on the second
packet of a frame if the frame spans multiple packets.
25 The “Redundant Data” format is used again at an
interval of about 4 to 8 times per frame.
«The redundant transmissions of the MPEG Sequence
header are carried as “Auxiliary Packets” at an
interval of 5 to 30 per second.
30
FIGURE 6 is a block diagram of MPEG encoding
apparatus including a transport encoder according to the present
invention. The transport encoder takes a MPEG data stream and
attaches a protocol which:



1 5 inclusion of such information permts the receiver designer to

i ncor porate 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 toa ? 0 clock formatter 130. Cock formatter 130

i ncludes a clock which is sanpled on the occurrence of certain header data
to generate tinme stanps associated with the correspondi ng header data.
These tine stanps are used in receiver _apparatus to provide a neasure of
signal synchronization. 2 5 Data from 8l ement s 105) 110) 115 and 130 are

coupled to a cell forngieks120rahopdrialiédoderr fatdétect dissaeei yies data from
el enent 105) parses su ta into cell |ength packages, devel ops the

ch
appropriate video ser \H‘(‘f@ﬂ A8Bort headers according to the protocol
i ndi cated in Fl GURES JeOaflﬁdrSZ redufidapnaairesmissfort hef tarivisgiordatheadey s and

Hovever . at the start pokeldt MECRERt R0, o8 BeftBtn PR Gur i g ¢ e
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fields. 1 Oprheritetboealpoingat whieh | mdtaytebevhm udedhat datguiteedm sipsxed
intervals 0? ?}M%@mﬁé&c%é %{Pvéﬁiibﬂ’ edélﬁﬂ;g%& ot eécﬁ?%hcé‘ %th{PE@} m ni mum

i nclusion o ta to BFOVIde enou i nfor codi n The
cel | fornatdata.i ndihgd seveknsum.dma,t >almwvlthntf@aMPEC‘5 qncad@godataceﬂ

regardl ess Qhe tiipRit dA@ Q@niﬁemﬁén\épﬁwféhcom 1'2S ' MFEGE'&TOQG\&WdQne unit in
successive cells and repeats con%eﬁl ent binary

N,
uber  such 4888 A 5. RRBHL e bmtrapSERenEeRdasn BFEShthaRaRbr ¥ ORheoder
inatw-ti eengmstxﬂmclmchmmiedatally;wn@tjunas(@lgs,che@@@t fdata,a noowot i er

t th t t f unct i 1 h
channel .1 n SGTST ofisE bt &3t bt g B, Efeftleishty gl B BhbEr 100t he
priority prospssde (iR GURBB)L eneadedess provid blyreaalspaiem dack 235 which
is stored( r"rlﬁlseHFJbtk ]i§5mc-m'?opz{t‘39k%" g”!énl%kat}{é r‘é@@ﬁﬁe@”%n&’vﬁranénﬁit%e of

MPEG data and 1 ndicates a data {codewords) are placed on
the HP chanif® dgradghdate bulfarse da dl%dobiﬁrftl%é‘ OP WPESIEIW. The priority

breakpoi nt data is apm)uqﬁ,tt SrdmSWe afankportveinebdepnpRrigssée thr gakpoi nt

information 3 0. stor Hn el eme 1455 %ﬂe.curr gt cogeﬁggd identity

orovi ded by SEF e SipICx Bihatelen Ebdeorddatt SrERDLIG |

formatter 12flechardiehl Far nélrltearmh&@pre%rgeﬁlemétlemv@s‘ ddthhéforhlP or LP

transporg 5ced hserér?ts%%%fce qurces 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



The el enment 105 provides header data to a functional 3 5 elenment 1 SO which
devel ops entry-point definitions for both HP 12 and LP data, These entry
poi nt «definitions are stored in entrypoint data nmenory 155. Cell formatters
120 and 160 create entry-point data for each cell generated. The
entry-point is used by the decoder to resunme decoding of the variable

| ength data S 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 flomchﬁrt of FIGURE 8) the controller 12S
initializes the system (850) by resetting the continuity 1 0 counters (CC)
and a cell c2O0ntwhidh tseparathechsade@5dptd diroan seuxicki daya daidy dpplessy upe.

These interr Scld AW th& bdbp Jterpose special information (if
desired) for transmssion. It an auXiliary interrupt has occurred, an

3
auxi liary cell is creafsuppssapmuridecagpspart dechder 2% prgrvidey betd tahe
auxi liary CGygedd d166Kk eI €6 dyinchhGhi2ing ther r&dilyr g ¢h@nnel space
avai |l abl e, _t he s%ztem is directed to accesa MPEG d @836)' The, MPEG dat a
i s checked f BANSHAHYE SEFBisEe & dat it %éﬁ%rﬁf ) depeder “dquence
header is avithhbl ethea thasiporcealdcodgpe ersorcroheickd 4R6Qerfisimegdt be ?ggg)enced
an

header data. ,The 2 basi,c cell gopntinuity,cqunter is,increnent

haeel 1 o doiSuitnd suptfer® &, kel ofad Hien ISRt Mgl dugsn L& on Tt hs
basic cell tgpampi¢,hthdeCE€equdacs neardeoredata, ddtermnind iifiryespypiveel s are
created usin e C ader . i j h as
four. EaghI Oﬁabﬁﬁo% gﬁﬁ?l (?%é;{@ ?@p%r%?gﬁl Ssé@"g‘cgult R?S’ﬁgﬁidls r?gI S&grsazgfl iary
conti nui t YOceiineh i Bo| ergpenemeedeipicted tare gelovered oo e d4BEGedacoder.

Al ternativel Thel tra3@puencRcBaaH rigat 8ff &h@oigypbﬁhl Datd FRh iR

perfornmed to determ ne the occyrrence of grou f pictur GOP) or picture
(PICT) headefr288ParYy é%?k, deceded s, Beasfirodin RIBENISG gt 1Oh8he e cel)

count is resMPEG/decader dnr #chuithblé foymatcelf therecisat edlindiszonbiautiph/ Pl CT
o mel ude. " oVidet) RRESr 2R R Brdblathihet” der ikiht AURGMESS  “ana
the cell téunf mesenchoomzemg edskiotas discussed BI8wand 3 5 870 if sequence
headers or GOP or Pl CTHheAfRES78(:€a Y Rick@Blagram of a typical transport
encoder. For one-tier transmission systems, components 145-170
are not included. For two-tier systems, all components in FIGURE
¢ / 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.



13they are stored in nenory el enent 110 foruse inform ngredundant cells of
the sane data.If at test 870 the current MPEGdat a i snot GOP/ Pl CTheader dat a)
the cell count is tested.If thecell count is not, forS exanple, 2, 4 or 8
then a basic typecell iscreatedwith thecurrent MPEG data. Alternatively)
ifthe cell countis 2) 4 or 8then a redundant type cell is created wththe

| ast occurringGOP/ PI CT header data. 10 Table |I shows an exenplary sequence
of transport cells. 14 TABLE | RHD cl assPacket ContentsBaSl c. Se uence
Header or GOP Header with MPEG dat A a xRedundant Se uence Header

Transmi ssi on # 1AuxRedundant Se uencelBeader Transni ssion #2AuxRedundant Se

uence Header Transms dyn H‘Q&n P a o
MPEGDat aRedundant Redundant#%/% %ﬂ{ﬁeﬁ%g tlw‘%t gg(i%s Nggfé]b r of
Dat aRedundafi®Bdundaseodiny pf crapibitied MPE{@’E@%H&B“H@ cweeef phean
asi CMPEG Da%@&@f%ec%@epaa@ﬁed PE 'ﬂh@' @s et tﬁe@um@n&h@@dﬁl aftctiegder +

MPE@at aB asi cMPEG Dat r of MPEG dat

acket s). )QSEPHPPE?U?E tﬁ@aa quspaen; aaF‘EGIfbﬁt HRYd natabe ablf tRelfsodsnt
GOP/ PI CT Eleald@r subsi\dalﬁ@aat dE&dundan:t Reanspdant mécﬂl deskeibddr herein

MPEGDat aBasi t ndant d

MPEGDat aBaS| %ﬁgggdg as :éc?g/Pé%ﬂ %eB %&q cﬁ@ %‘f‘g%?dﬁéa aenrt d%nt

GOPI PI CT Heaideodmgvpﬂmt)aasfscnl\ﬂﬁalln@t etBastna@smiaedudbea Sii‘CZNPEGOdat a
ackets. )Bﬁé[@é\fﬁ%gﬁt ait id SHdBf&y mation (except video data) necessary to

generate t he sequence of transport cells shown in Table | is_pro ranmed
into the cell formatteﬁlemtaﬂQSt pisq dtrasts giser2dataraando applisst

respecti V@) whadd ttoCadafembhe 5. MRk @ﬂ‘d Rl ber mang Sltffemlittt dto

produce frame specific se ence rt cells, and responsiye to t he
type of traﬁ’s‘ﬁgr?s dane s @ﬁ@ﬁé@ ‘g?%ﬁ'zﬁﬁ are 10y SR19%00F 'il.%d(\&ﬂ

i Inf or mati on fos:nacufesﬁednﬁnm‘cte ep@proceﬁsengﬁlwheum[rytlw dxiginabusdyreeount ers.
Al so responsj Qg n t cortro

formatter a#‘ég'gf ? ﬁg fﬂ ng@@egbr\gggfge &ﬁ’gﬁ %OCCS\?‘Fl %ﬁ%gngget(ségéh vi deo
data or stord@d:shaadeiumwra inkbusion onf ethebe u:ypaaspbrmf@remueequdrh@wevsr

est abl i S*?%d %r‘[‘gof rﬁ.u!hecl f&l‘rﬂ?t éﬁagéﬂﬁ t&g@ 'r%cbi%?' gx@gw g time

di vi si on mJI exmgtereevan 9|sab I agram of a
typi cal traﬂ@ﬁ@?ﬂor@t% shecodlerproressinge for eparticatdtisigndln types

conmponent s 2RerebAb @ﬂﬁm’&@t th&chbvéiedl reprodyetidn e6f Swedgdss, The | umfﬂ@nt S
in FIGURE 9 .are I n bot.h. one and st ens cell Continuity
Counter (OO pPrlfaFgﬁ‘% W ARHAEY i H&PEB?VOHCU? \Mﬁ%?'he?%ve@é?ﬁ‘ ‘has been | ost
or corrupted during trlalmmstsn@ﬁ p%d»dudes)rm:ladbosmeatﬁylnghmdimanm nay be
provi ded by SELOTedaLeen! A0SRk FS £0G80 A% dRandbog, HEEQUAMIAL is

respective tTanspor errorless trans s are ivefed to
t he vi deo deeouded The thedeocultrcampeﬁtcedemdbca ames Ontgepepentingait a

22?r;ra”Spors?aﬂ?.‘E)%d%EsG’(%?ccf FQth" §RLCELIESpSAEMEP HehdER! dsta. dETRESS the
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



? 5 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 resynchrani zi ng
tasks) as discussed below. 3 0 One-tier systens: Transport cells are
provided to the transport decoder via a transport cell buffer 2DO.
Progranmed to respond to the encoded protocol, a cell parser 210 decodes
the cell headers and separates respective service types of data. Auxiliary
user data is 3 S directed to and stored in a nenory 2I5. Redundant MPEG

16 Sequence headers, GOP headers, and M cture headers are directed to and

stored in a §i§h§he§yd&1@8ﬁi/za2?&1, NAUTREHY n @4FU Helad8r MPEG d@bsed finom basi ¢

service cells) is paﬁsed tola1 out put register 230 fromwhich it is
suppl i ed to THE'VPES 'GBEIHer! 1'Based on an 5 indication of cell loss in

function 205, and the Aedilisigntdaiat selds oared gencr@ear ¥s 2@éedddr@andedundant
Fedundant Al it its, HARR el GWblsh SPapc, A A S he IDBEC decoder (o
continue decbiiligryrdatesyeldhroalyzée ittefloaved i withs wideorsdat@par atriyorofof t he
L onert] er ouerBI P! B BRI Bl PYOREERS Uihi Fng tedutabt ARa I8 For 00E 1"
Wth a two- t[¥‘§rmj955 R3S t Biterigaved omlyswidnrh bield ovideoi datay Thisndport cel s
is avai | abl ebdoaase tdecHRAE" 8f0}i8Eo 1§ata THARE %QW WitlPTan' ¥ fiepnsSpani cells

(b call par sufieB faskds BELMERG, daidrsrisdinsiriaing dspeasiclion sediclds vi o
an out {)_utl (?e’@hstmdu&ﬂtant Boata IdB_lla{ldldyg tfe Qn@ﬁidetdp%ftsgdg%lgﬂ%’o sPHéledZ45
ooburting HPrEAls Ao Ak RBALE, i BV AIAIRPRY R SRR et N rerror f o5
265 and 270 musipeemi vedhpsion nof addth tossrovide neticagthednbyrmindonons i nui ty

count the enhgyc#at § icgdwgsequent |y discarded. If cell loss is indicated
the entry point 2 5 é:ata IS utilized to re-enter the respective data

streams at the next detBelagtlé frerattest ingludes Re-cantinuily quiitoimreadby
el ement s 1255r4ddport 260 e rdBek oFetyRsY "Eh¢ Qﬂin%ﬁﬁii@? covgt c 9045 The

resynchroni zati on Iogiri), uring.a.réesync cycle, 1n fect conditlons the
SR N

respective cBFfCB OnE Uiyl stecesatve csllanandirapegss npodala Ning

thereafter apbtre temagxbesuccoasenizndabinary hldbeegdiheras 265 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 positibwedtiar sygetemsry-point of that cell designated by the

transporp eader. Thenodat#ish BralheHaa%sBoﬁnteﬁ}fbl?&i Th LS eRboyeded to
out put register 230. An"LP cell 10ss )
system 1ncludes all functions described for a one-tier system, with
the one-tier functions applied to the high priority or HP channel.
[n 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



17 would require the resync logic 250 to request cell parser 245 to junp to
the next entry-point that is ahead of or equal to the HP entry-point. Data
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 headers are transmitted on any frane;
redundant Sequence Layer, and redundardt2 GOP+PI CT headers are transnitted

only in | fraafm%swaagtam?negcedémﬁfnﬁolg?aé’h%&?@ ESs@rEdt [RN&it{ ! ed

during an | frarme, y have second_ priority to Redundant Sequence 15
Header s. Thepqnﬁ.tt%qa. mmewsbﬁen@ Iofprmattess (BYQ | a2} 69 vgreptengs, whi ch
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next st grtS cafder vahepmcﬁet:ddsmgdmemﬁmnsfﬂlsﬂoﬂpleﬂtdrgn c(fomlplléﬂehﬂ'l zation, the
syst em begi 0 oGl n t
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A |1 t t f
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check forl fossurmetd c:@)t hRdi 4 el cdaft.si RNt gReskd §8§@P)fobeziﬂ)re
processi ng of t.E'raSX EG data cells i ns, atﬂpm nt 1$ve and (800)
e

Auxi | iary cefyX! e gnBENRS afl NFSEi WHEHUPE © WEe1q test is

ggg;a) O'?ht hetmltb!r_ ;itblaflepecﬁai;l mfetmatibde (ifi dgsired) ffdrheramdﬂﬁsslbyl.l s%ﬂ) ant els]t .
en cell . ing_an_auy ar. Q ell is

processed at&’a%%t "Ct? R ? %?ac‘ﬁé‘%‘? (aé f‘t’)‘)’&31 %rﬁeaqegier#p%r&lqu {)?5 , then

a test (520)and @qﬂlmj'et@ dat%rbufﬁ@ idnd hhedwcl&liarw@Cwastl ng to recover

dundant d f.0r mat g5 to s
i SRR T el Tttt g gl
mar ks t he st%)f&te@f i @&ﬁjéﬁc@ reseEy NMPEST dge) (85Gen the decoder
initializes the prFcesg‘he?wEGhumdwj@%][ecké?%r aﬁe%éuﬁr@né@eoﬂsfa
rocessin is co et e a or Se eguence
Feader data SRR BFAR (BoBhe PhkeeHaR Hades) iSdpaiiadle, 3 Basi

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,



1 0the waiting-flag to false, outputs the header (S70)) 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 (S40). If there 1 5 has been a |oss, the Sequence Header
processing is reset (54S), else data is extracted fromthe AUX cell to
continue processing of the Sequence Header (550). Thereafter the sequence
header is again checked for conpl eteness (S60). Before MPEG data packets
are used, a check is nade 2 0 (600) fdr31 ost continuity. If there is a
loss, an erreycaee Jtdrdd avi &esnobP Jlehterithe 10PES Q%@Oﬂ@rf(ﬂﬂﬂn? check is
made (bl10) for, entering, a frane. I.f a new frane has been started during
the | oss) cdidtg aﬂfégghhﬁgegh? Y406 €8S 620) waiting for redundant MPEG
headers. 2 5 - |If the Haakatsti §78 rscarcat | MPRE d4dtasis n00)GOR/BHETK i s
made (710) t ermne, |f e odef s, in t 1.5 r dundant
GOP+PI CT hea%eagi;%}(wa) ih%fcelhp Clogﬁﬁog \F]%;It?sq,nglqagfé %&&%th qge%(ﬁer@? t he
MPEG dat a Ted{amplef o2 wdr aedB {thes) a t basit dypPEGE I dsodreated fwithethgecoder is
wai ting for S) . Ckei¢hal (720 eterm ne
if the curréﬂﬁg%gfﬁmﬁ%gﬁﬁggineégggnﬂ%£§2fKgéggd égq%ﬂﬁgﬁé %PECPgtgeanl The
start of allthepagesedundant type giedl)isserqated nwith the kst peareing he cel |l is
a MPEG st artGOEeICthehJagdededadacaders will be available to the MPEG decoder
within the MPEG stream if the decoder is waiting for a 19 redundant
header, and it is not enbedded, then the good packet is skipped (725). If
the decode® is waitingThble d rshdwsdant exeassa)y aseljudnces oéntraddpdst t he
control flag§]$§iting for redundant headers are set false) and t he packet

i s forwarde ? 0) to the S MPEG decoder. If the cell is a Redundant cel
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 fromthis cell is
forwarded (820) to the MPEG decoder, followed by an error token (825), so
that the MPEG 15 decoder will | ook for the next start-code when decoding

resunes. And finally the MPEG data of this packet is extracted and
forwarded {830) to the MPEG decoder. 20 CLAIMS: 1. In a digital video
transm ssion systemfor transmtting a ~ hierarchically |ayered conpressed
vi deo signal wherein respective |ayers of conpressed signal including
header s



5 containing data descriptive of said respective |ayers apparatus for

segnenting said hierarchically |ayered conpressed video signal
respective transport cells containing a first
N, of data bits divided between a transport cel

a second pr determ ned nunber) 1 0 K, of data bits and
an information packet o N-K data bits,
bits containing information for

transport c

pr edet er m ned nunber,

header i ncl

ells)

udi ng. '

into

said transport cell
identifying data bits of correspondin

formati on packets) said apparatus conprising: a source (100) of

hi earchically layered conpressed 1 5 Jidleo signal

(HLCVS); neans (

headers dat a

g

105, 110, 12e responswe to header data of sal d HLCVS for generatl ng) at

said HLCVS for dividing said HLCVS) |'1hAIBIQU]Dg hee[tders "into informati ﬁn
packets 2 O of no greater tm gara orTsS, eSO 125 Tespopsi ve
to header dpta of HLCVS]| f or generati nﬁafﬁ@iur@%fmenihfornatlon packet s
of no greatpr thancl‘dslg data pits including predeterm ned types of heafer
data of sai T20) IZ5) for concatrematTmg—tT |1
headers and  o¥equenqon Headdcetos GO dnlmdtlr a\vlsmrvtl’ﬂtbldza and
means ( 110y el .
i nf or mat i onfpacke NASTeert=er—rir—t=t 56 6
redundant ipformat ﬁdnxoacket >Redundant ZSeQ'thmcmpddeaﬂms 'Emshussﬁmm r#Z aiml
wherein saifd means jf I nt er pgernsi udes ns, 10 clicall juci n
whe frequenFy cano AR L o PREGRN AN Sedlftee TR O el iinn” 4 U© "
packets) in ersBeﬂbenldhﬂtwem tRedilsrmmtt @@H[BICWCH@ddﬂg+ MPBGT®4tan
packets of ' | 9 OTrm I CcLaLn.r wiere]l n
said HLCVS nnf gff{ﬁ”ﬂﬂ %FF N gﬁ@&‘:‘fﬁ% ég)Pqﬂ [g]l:rr ﬁgelf dr MBE@emat | g
redundant ipformatBggicpacket p generates redugdang pRfor mati on packet sf of
sequence , h , ' -
pi ctures (do~_RetHendand t Redumlant) GRRBECTdHeader + 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
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 MPEG Data




1 5 4. The apparatus set forth in claim3 wherein said neans for

i nterspersing repeats in succession, a 'predeterm ned nunber of transport

cell's including redundant information packets of sequence header data. , 2

0 5. The apparatus s f forth in claim4 wherein said neans for

i nterspersing includes neans for cyclically reducing the frequency of

transport cells (including redundant information packets) interspersed

bet ween transport cells including information packets of- HLCVS data. 2 5 i~

6. The apparatus set forth in claim3 wherje%n said HLCVS includes frames,

) of video data corrpressebhfax)c,%g?,pdrt (hg to intraframe conpression techni ques)

and frames (P) B)‘leoﬁeq/dé}pc% ta co r@é@édt aﬁmbdio%? to interfrane

conpr essi on techm(gqﬁg) 30 nHa§anrtne§n§ ;or i nt @pé@bﬂgaﬁyr qgs%%rt

celI's intersperses tranStbrforagiitet i pel udi HEP W R dim Bt i pfor mat i of“f&EKet s

of sequence he HelPegaivae @mtr?déndan i ARGr thet icap keLZio Br9grammey CT

header data whtéoddigRsRort ce P e?]a\thmgfdmzﬂ;%ati on?%ﬁc s KdspohEER ()

frame data; and i ters% ré%spmdar@pq;% cells™ B1dn Sloneli g1 gs - ggundant °

i nf ormati on packet ¢épomyil y %PI CT r@ﬁdépemf'azsgﬁ{,@n ith transport cells

havi ng i nfor rratappﬂomg}%etts 0 EGU(PB‘; ) tfRpE, dat a. S ﬂf\etrappp@ﬂt wayset

forth in clai rqn’lte\#?érel n SPGBt nhegise,f cl’rggen Pt CA t@ dben g | pforma{ on
AP reat %

packet s incl udes: miRgm ng. for stori ton gda cufringdn said

HLCVS; and n tPBlgrdmm@gsUfE%rérge é}‘%ﬁqltﬁg,cgﬁﬁglrsate :agag%&gntﬁﬁ)mf ogpat i on

packets frdnd f;,data g?‘b‘l'%fwd,nus@i tfjoﬂ‘g"ﬂry 1 0‘:‘tlr%%tn@,Sp:aﬂ@kv@lop((?niﬁt

thereto) if said é28ed datmdéggyp}les [ essOt®aamd %dlﬁtﬂ?rprg S r |y

occurring HLCV®TEdt heﬁ@exagta?é al g\(tg Wk RecirbinlgS ¢ o}, 8., 1N Uergiaral vi deo
‘an

transm ssi on e8yg faor | et iorge jerarc FHEFF%d amidegd npr essed
vi deo si gnal eg)g@_héﬁ’esfmmihge thYgLs .c??@%n‘ﬁ?'é%d Qﬂg%gui ncl ngeé fader s
cont ai ni ng dat X'¢deligtsiphi 9h,52i d RS tmasbgﬁercgg appar 3t¢ks Sor

I Vi

segnenting said hierarchj Yﬁ‘f P aticce e 8 symilaiesi g
transport_[cgelglleg8 respeg’ﬂ(\’c/@ hspoy tbl(gqﬁi'/!é?g&ggﬁt‘g?tﬁi ng a first 2 6ﬁp1y
predet ernine r, Ror angdg%? bits i égraheto/pegnty@.transport cell
header i ncl u@fengioa ﬁ,@(pﬁ]d pre eFrﬁflﬁHﬂsﬂuﬁb§r§{s K. of Y44 Bresparped an

i nformation pagket of %-daFer bwts-¢jegal d tra s‘r%'?stv €enip er 3§Iaé a bits
cont ai ni ng infor et $bn ﬂmrb(i,me%if:fﬁigg d2{emsi adl to (;n%ﬁ?on i n&20-275

i nformati on _ers(,C@y:ﬂ, Zgge appafd .‘J@V@*D@r&ﬁt&% ans tort sEEEIRE ng
(10S, 115, 12%pefa &tcorrp eSd Svladennsﬂngpg i nto Fixed Peﬂgﬂmn@ﬁlﬁgs; s and
formng £$20, 25}, reQbe@Qﬂruptd@qﬁﬁgns is i ng{?aflpansﬁqwhe%lrlg; an
generating ICations m g fraﬂsmission. Additj cet
error dctecting onal loss

CRC or Fg
: C
I€spective transport cells. QOpj
'5po - Only

has

30



( 110) 120,12S) redundant packets with predeterm ned portions of 3 0
headers of aid conpressed video signal and form ng respective redundant
packets into further transport cells) and interspersing said further
transport cells with said transport cells with declining frequency. 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 intrafrane and interframe, and said further transport
cells are interspersed Swith said tr%qiport cells of intraframe conpressed
vi eo signal differently than said further transport cells are int spersed

Wi th said tr&egeaide drladernf G@Pehfaﬁ@@i% cmrpmeﬁb \Mdielﬁi?s gl ﬁilﬂ&[edin a
| erarcni

di gi t al deg t f tt

8 LB aoBn SR SRR P aeforo B ey (hh R, SPEE

bei ng i nt rsqbzﬁas(aﬂom thasiardereicet catispast pasdelds to nam uch tpyrt r epustdan230at a

corr espondi “ﬂ P 1§ [ef@spﬁgh@&rtto' l\fﬁ)E e BQPreﬁﬁﬁeA"oC}f%ns' gnal )
e an cel

said trans nsport I'nc u transport cell 15
headers a llnldﬂ‘é)&tiﬂh@fncﬁélc 08%, lnr bungtian Hbi)aﬂaduﬁlecdﬂéunéamgda%ans f or

recei ving (2Qsre®@1l® rhéadt tztzed el %aﬁe@&nordat&eémranér sgpsl famt her

trar~'/sport ceIIs and separa nsport cel ers an
f or mati on pa%ﬂ&ﬁé’ eﬁ%‘%(ns“)g%%) h?'é@ﬂ@%s 86 taPHﬁ%Wd?EC c@%l““lqéﬁélega@ata 2 0

for determ nfrogh tenee ey P¢3cand nnanse%énoheﬂdns thei MPEGsHeosderokd upt ed
during transm ssi 0 onsive to determ ning such occurrence,

di scarding s ‘éﬁﬁ%n??@o‘g‘é&r I FGSYREMOMEE- cells until the occurrence of

on of saildOfurther transport ceI |'s, and deconpressio means (22) responsive

to said 2 5 Tw rmtri ps&%;gwts for generating deconpressed video signal.

11. The /re n claim10 further including neans fo I!
substituting data fronOpgrationr ofiethet rtmpor't degioder figr addweo-tigrs ~d

transport cedJgen 1B@ﬁld&%c'd[lr ?Gﬁ@u@f\s §cr95ed?' f3rCRr bHeIEG T @fb?ﬂo wihigl | s
12. The recei’ver set forth in m S .
di scardi ng sied OngcligradHnctana “woplied d dof ih P FH&%‘%’%@ Wik 2 o-Higr
det er m nalt § ogystemiesglesdcoat siraasP @t el Fﬁoﬁny Ragspstitngeldqi disf urt her
transport Cei!l\llasilén)al\éeflboerrelntlllé) Sderaf 1ér MY These low priority transport
cells are applied to 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 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



~4 13. The receiver set forth in cl ' 10 wherein said transport cel
headers include indicia in 'cating whether corresponding transmtted
transport ¢ s include conpressed 5 video signal or said redundant data and
sai d receiver includes nmeans responsive to said indicia or determ ning
whet her respective transport cells inclu conpressed video signal or
redundant dat a.
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wU3! /" 10% daitijligation " sapeente( Y300),9%and0%endi¢ns Jo! Prodasw 2ach) packd " 1096
"&()-9n 1Q%€Eigflll(i}1g9'a{ 400). This example assumes a particular

retransmission policy for redundant Sequence Layer, and

10 redundant GOP+PICT headers: Redundant GOP+PICT headers are

transmitted on any frame; redundant Sequence Layer, and

redundant GOP+PICT headers are transmitted only in [ frames,

and when redundant GOP+PICT headers are transmitted during an

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

ca] c”a] ca] cd€a

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
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data group, and the cell is processed at function (515). If at test
(510), the Identity is not O, then a test (520) is employed to
determine if the decoder is waiting to recover redundant
Sequence Header information. If not, the algorithm proceeds 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 completed at test (560), (for the case where all
Sequence Header data was contained in one packet), and if so, sets

10 the waiting-flag to false, outputs the header (570), and then
provides another error token (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

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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the redundant data is skipped (815), and the remaining data in
this cell is forwarded to the MPEG decoder. If the cell is a

1 0 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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S for generatmg, at least in part said transport cell headers;
means (115,125) responsive to said HLCVS for
dividing said HLCVS, ingluding headers, into information packets
20 of no greater than N-K /data bits;
means ( ,125) responsive to header data of said
HLCVS for gener fig redundant information packets of no greater
than N-K data b1 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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3. The apparatus set forth in claim 1 wherem said
HLCVS conforms to MPEG standards, and said mea é for
10 generating redundant information packets genepates redundant
information packets of sequence header data, agnd redundant
information packets of group of pictures (GO 5 header and picture
(PICT) header data.

15 4. The apparatus set forth if claim 3 wherein said
means for interspersing repeats in sugcession, a -predetermined
number of transport cells including/redundant information
packets of sequence header da’ta/

means for interspersing includés means for cyclically reducing the
frequency of transport cells/(including redundant information
packets) interspersed betwp/en transport cells including
information packets of H}/CVS data.

20 5. The apparatus/szt/ forth in claim 4 wherein said

25
6. The apparatus set forth in claim 3 wherein said

HLCVS includes frardes, I, of video data compressed according to
intraframe compresgion techniques, and frames (P, B) of video
data compressed /according to interframe compression techniques,

30 and said mcan/for interspersing transport cells intersperses

~ transport cells/including redundant information packets of
sequence he ger data and redundant information packets of GOP
and PICT/zader data with transport cells having information
packets off MPEG (I) frame data; and intersperses transport cells

35 includin}/ redundant information packets of only GOP/PICT header

/I

/
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ission system for
ompressed video signal

8. In a digital video trans
15 transmitting a hierarchically layered
wherein respective layers of compréssed signal include headers
containing data descriptive of said respective layers, apparatus for
segmenting said hierarchically layered compressed video signal
into transport cells, rcspective/iransport cells containing a first
20 predetermined number, N, of data bits divided between a
transport cell header 1nclqd/mg a second predetermined number,
K, of data bits and an i jérmauon packet of N-K data bits, said
transport cell headers ata bits containing information for
identifying data bits f corresponding information packets, said
25 apparatus compnmpg
) means /for segmenting (105,115,125) said compressed
video signal into/fixed length packets and forming (120,125)
respective packeéts into transport cells; and generating
(110,120,125)/ redundant packets with predetermined portions of
30 headers of gaid compressed video signal and forming respective
redundant /packets into further transport cells, and interspersing
said furtfer transport cells with said transport cells with declining
frequepcy.
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transport cells, said transport cells being intgrspersed with
further transport cells including redundant /Adata 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 tramsport cells, and separating

said transport cell headers and /Zizformation packets;

means (205) responsjve to transport cell header data
20 for determining the occurrence 0Of transport cells being lost or
corrupted during transmissio ,/ and responsive to determining
such occurrence, discarding%ubsequently occurring transport cells
until the occurrence of on¢’ of said further transport cells, and
decompressiory 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 s&d transport cells on the occurrence of lost or

30 corrupted transpoft 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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13. The receiver set forth in claim 10 wherein said
transport cell headers include indicia indiCating whether
corresponding transmitted transport cells include compressed

5 video signal or said redundant data,/and said receiver includes
means responsive to said indicia Afor determining whether
respective transport cells inclugé compressed video signal or
redundant data. '



