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SYSTEM Field of Invention The invention relates to satellite broadcast
systens, and a signaling waveformfor facilitating the formatting of
broadcast data, and the processing thereof by a satellite payl oad and
renote radi o receivers. 5 Background of the Invention There presently

exi sts a popul ation of over 4 billion people that "are generally
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and Asia. A need therefore exists Tor a sate },e- ed direct radio
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| ow- cost consuner receivers. A nunber of satellite comuni cations networks
have been devel oped for commercial and military applications. These _
satellite pRIAGHThe@IANS Ssystens, however, have not addressed 1s the need

to provi de‘r‘m‘l’t‘grr‘rndependent broadcast service prow ders with flexible
and econoni cal Zbedneention yelatgnde e broadest systmerandsa sigudingt wavetoroi Yor
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a satellit entneradivodecseeras to the amount of space segnent that's

5
Backeround of the Invention
There presently exists a population of over 4 billion people that are generally dissatisfied

and underserved by the poor sound quality of short-wave radio broadcasts, or the coverage
limitations of amplitude modulation (AM) band and frequency modulation (FM) band terrestrial
10 radio broadcast systems. This population is primarily located in Aftica, Central and South
America, and Asia. A need therefore exists for a satellite-based direct radio broadcast system to
transmit signals such as audio, dara and images to low-cost consumer receivers.
A number of satellite communications networks have been developed for commercial
and military applications. These satellite communications systems, however, have not addressed
15 the need 1 provide multple, independent broadcast service providers with flexible and
economical access to a space segment, nor consumers’ need to receive high quality radio signals
using low-cost consumer radio receiver units, A need therefore exists for providing service
providers with direct access to a sateliite and choices as to the amount of space segment thar's
purchased and used. In addition, a need exists for a low-cost radio receiver unit capable of
20  receiving time division multiplexed downlink bit streams,

Summary of the Invention

In accordance with an aspect of the present invention, a method of formatting a signal for

broadcast transmission to remote receivers is provided whereby a broadcast service having ar least

25  one service component (e.g, an audio program, video, dara, static images, paging signals, test,
messages, panographic symbols, and so on) is combined with a service control header (SCH) in a
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pur chased -and used. In addition, a need exists for a |owcost. radio
recei ver w bogeagw@bl e of 20 receiving time division nultippirRiseghdesn! i nk
bit streans. Summary of the Invention In accordance with an aspect of the
present invention, a nmethod of formatting a signal for broadcast

transm ssion to renmote receivers is prgvided whereby a broadcast service
havi ng at | east 25 one service corrponent (e.g., an audio program video,

dat a, %dkﬁst ﬁ%ﬁf R?egirﬂﬁaxﬁé ﬁ,ﬁﬂgss&, aghhE S,
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in anram 1% es@%snﬂe SR ¥l ﬁvm kits pen framge

nunber |t 5352 CPbid B8 méggtngl lof l&amem'ﬁ@; 'T%r?idn‘é;}l@%é“%?w@e“

overal | obits per se

m ni munhdsian ovatall birfrae®f 16 t@b?&lalobmps'esemnd omaemahplekofra murdmifinchitf meenef Yfer i od
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et anot her. aspect .of, th res | nvention, the service conprises nore
y 10 224bms,an%&1enumbero?b1t%ma 1s2x7136. P _

In accordance with yet another aspect of the present invention, the service comprises more

than one service component. Bits of each service component are interleaved in each broadcast
channel bit stream frame,
In accordance with still yet another aspect of the present invention, the service components
15  are integer rauos of the minimum bit rate of the service. Padding bits are added to the broadcast
channel bit stream frame when one of the service components does not have a bit rate sufficient to
fill each interleaved portion of the frame.
In accordance with another aspect of the present invention, the service and a SCH
corresponding to each of first and second broadcast channels are synchronized using independent
20 bit rare references. A single bit rate reference for all broadcast channels is not required. A satellite is
configured to determined and compensate for time differences between the various independent bit
rate references of the broadcast stations and a clock on-board the satellite.
In accordance with another aspect of the present invention, a service component
comprising an analog signal such as audio is compressed using a coding scheme such as a Motion
25  Pictures Expert Group or MPEG coding scheme (i.e, MPEG 1, MPEG 2 or MPEG 2.5) and a
selected sampling frequency (e.g. 8 kilohenz, 12 kilohertz, 16 kilohertz, 24 kilohertz, 32 kiloherrz
and 48 kilohertz). Compression of a service component can be performed using the MPEG 2.5,
layer 3 coding scheme.
In accordance with still yet another aspect of the present invention, the SCH comprises a
30  number of fields selected from the group consisting of a preamble indicaring the beginning of said
frame, a bit rate index indicating the bit rate of said service, encryption control data, an auxiliary data
field, an auxiliary field content indicator relating to the content of said auxiliary data field, data
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t han one servi“w@g nent. Bits of each service conponent are interl eaved ..

in each broadcast channel bit streamframe. In accordance wi t FPRPIB23596
anot her aspect of the present. invention, the service conponents 1s are
integer ratios of the mninumbit rate of the service. Padding bits are
added to the broadcast channel bit streasn frame when one of the service
components does not have a bit rate sufficient to fill each interleaved

portion ofeliting tbiruhifrantensegmerns tramsmirtedi using asaidtaomhary dae ditldpdndt daea jpdiestngt the
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Conpressi o conponent can formed using the MPEG 2.5,
| ayer 3 cechon@anschetﬁuea pteferced coonbabelinsat wf tthe ptesérit uy@nnqn@hmmlasspﬁdd cofitenh e

t d | ected f
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a bit rat Qr isBebmd dea%ecahdlq:ltabs@mbdea sErfHce pbﬁmsxatdin;sxﬁtﬁglacam e idepiifi@tios @lé ol
.data, an auxiliary data fjeld, an auxiliary field EI_ﬁtent I ndi cat or

rel ating toughheorespensitto she was@emedubw,dcamwhmc@ e gewligry data thield can be
changed from frame to frame, and the associated service broadcast channels need not be in

contiguous frames. |
15 In accordance with still yet another aspect of the present invention, the SCH can be used
to control specific radio receiver functions requiring long bit strings. The long bit strings are
transmitted via multiframe segments. The SCH comprises a start flag to indicated whether an
‘auxiliary data field comprises the first segment or an intermediate segment of a multiframe
transmission. The service control header is also provided with a segment offset and length field
20 (SOLF) to indicate to which of a total number of multiframe segments the current segment
corresponds and therefore to serve as a coumter. In other words, the SOLF for each
intermediate multiframe segment increases by one until the total number of segments less one is
reached. Multiframe segments need not be located in contiguous broadcast channel frames. In
addition, the auxiliary field content indicator comprises bits corresponding to a service label for
25  the contents of the auxiliary data field,

In accordance with yet another aspect of the present invention, the service control
header comprises a service component control field (SCCF) for each service component
provided in 2 broadcast channel frame which facilitates demultiplexing and decoding of service
components at radio receivers. The SCCF indicates the length of the service component, the

30 type of service component {e.g., data, MPEG encoded audio, video and so on), whether or not
the service component is encrypted, method of encryption, the type of program (e.g., music,

speech as so on) to which the service component belongs, as well as the language used in the

program.
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3-rel atlngvt, ?% 4 frame segnents transmtted using said awdliaX data
field, and da ndi cating the number of service conponent s PRA{USH8/23595
constitunme said frame. In accordance with another aspect of the present

I nvention, a broadcast channel can be designated a primary broadcast
channel and ot her broadcast channels can carty secondary 5 services that
are associated with the primary broadcast chanel The bandw dth of the

br oadcast pr Q@ﬁ@@rmcdhmhmﬂlymmthempmsf thctprmem memheﬁmfﬁﬁﬁmlmses vel y

i ncreased, |nfor r.ovided.i.n t frame_in each,of the
br oadc S yeHE < Bl 5% it e el B el sl e
SEr Vi Cegegf gpsrkr%éémt &sﬁlﬁf‘aﬁﬁ@ RRRERErY Thie Gpaaaik labehigneatam that idacoreiaar® avi t h
a preferre odi nent the present ipnvention, the guxiliary field

cont ent pagiculanstiraes. oThusstlprradmcre@w needanat| heguned 1onreraIvs @ parisilaeseryipe in
auxi a f.eld NN PlehfBry or second serice, and an
assoé tc\él‘gfrgéfe\?flg% 6“?’ "él hi’af%’@ﬁ Sing a unique identification code which

corresponds to the next associ at ed broadcast channel. The auxilian, data

field can e?e changed mframe to frane, and the associ ated servi ce

br oadc adifef Pssompnan afthg in contiguous frames. 15 ~In

accordance WaesStid J"F‘ e&«g%&radéaﬁfget oPthel pieseBt vestion WHIEKE indfe rdalify SCH
specl

can be used to contro ic radio receiver functions requiring |ong bit

st ri ngs cofipechiendey from ster follgwing' deteiledndescriptions when edd: inf comeection vath she The

orrprls start_ f.l,ag to indi e ry data field
con‘d i s @BPEded frawines Svgla%ﬂagmoar a‘gtn ﬁﬁ?ggﬁggé{i@ Sy ﬁl{’?"L':I‘Jf’ﬁla nul tifrane
transni ssi on.Fighe i§arihafaiodiagiain b adatellits ditesto biadeasi et tdonsnsegivint

offset and |l ength fiel
accordancg with an em ?;odlment of the present invention;

Fig. 2 is a flow chart depicting the sequence of operations for end-to-end signal
processing in the system depicted in Fig. 1 in accordance with an embodiment of the present
15  mvention;
Fig. 3 is a schematic block diagram of a broadcast earth station constructed in
accordance with an embodiment of the present invention; -
Fig. 4 is a schematic diagram illustrating broadcast segment muluplexing in accordance
with an embodiment of the present invention;
20 Fig. 5 is a schematic block diagram of an on-board processing payload for a satellite in
accordance with an embodiment of the present mvenuon;
Fig. 6 is a schematic diagram illustrating on-board satellite demultiplexing and
demodulation processing in accordance with an embodiment of the present invention;
Fig. 7 is a schematic diagram illustrating on-board satellite rate alignment processing in
25  accordance with an embodiment of the present invention;
Fig. 8 is a schematic diagram illustrating on-board satellite switching and time division
multiplexing operations in accordance with an embodiment of the present invention;
Fig. 9 is a schematic block diagram of a radio receiver for use in the system depicted in
Fig. 1 and constructed in accordance with an embodiment of the present invention; |
30 Fig. 10 is a schematic diagram illustrating receiver synchronization and demultiplexing
bperation.s in accordance with an embodiment of the present invention;
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20 - (SOLF) ti@nlepsicate to which of a total nunmber of multifr eqments -
the current s‘ggr@g‘fsg%orresponds and therefore to serve as a cggﬁpé?. uai
ot her words, the SOLF for each internediate multine segnment increases by
one until the total nunber of segnents |less one is reached. Miultifraie
segnents need not be |located in contigudus broadcast channel frames. In
addition, the auxdliary field content indicator conprises hits )
correspondi ng Fig. & Ber schematicadiagrarh dlusagringt syachrenization nd fmglrplexing operayonsat a
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for each s@ieht e onent provided in a broadcast channel frame which
facilitates denul tiplexing and decqodi ng of service Cﬁggon nts,at radio,
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on), er ofr e service conponent 1s encrypted, nethod of
encryption, thBigl ¥3ie aGthentiatig bloek diagym ofrths broad siptesegents space seginetwandhiadio t he
servi ce conponent bel ongs, as,well as the,l anquage used,in the.program
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| abel byte streg[nto reCelvers su as text or a scieen for disply at the
recei ver . inTthe seryrcakiyer ofabssistelny canswuqteshim acberdarics witt any embadimentofzthe presensul ar

servi ge. .Thusti the radi o receiver need not be tuned to receive a particular
servi bk | fvention;

Fig. 15 is a schematic block diagram of the service layer of the broadcast segment of a
‘system constructed in accordance with an embodiment of the present invention;
Fig, 16 is a schematic diagram of a pseudorandom sequence generator used for
scrambling broadcast channels in accordance with an embodiment of the present invention;
15 Fig. 17 is a schematic block diagram of the service layer of the radio segment of 2 system
constructed in accordance with an embodiment of the present invention;
Fig, 18 is a schemaric block diagram of the transport layer of the broadcast segment of a
system constructed in accordance with an embodiment of the present invention;
Fig. 19 is a diagram of a broadcast channel frame in the outer transport layer depicted in
20  Fig. 18, and a prime rate channel frame in the inner transport layer as depicted in Fig. 18;
Fig. 20 is a diagram illustrating interleaving of symbols in a prime rate channel in
accordance with an embodiment of the present invention;
Fig, 21 is a schematic diagram of a Viterbi encoder for broadcast channels used on the
inner wransport layer of the broadcast segment in accordance with an embodiment of the present
25  inventiom;
Fig. 22 is a diagram depicting the demultiplexing of 2 broadcast channel into prime rate
channels in accordance with an embodiment of the present invention;
Fig. 23 is a schematic block diagram of the transport layer of the space segment of a
system constructed in accordance with an embodiment of the present mnvention;
30 Fig. 24 is a diagram depicting a time division multiplex downlink signal generated in

accordance with an embodiment of the present invention;
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S5 © order twogpeice the dynam c | abel byte stream Brief Description of
the Draw ngs These and other features and advantages of the B £23595
invention will be nore readily conprehended fromthe follow ng detail ed
description when read in connection with the 10 appended draw ngs, which
forma part of this original disclosure and wherein: Fig. 1 is a schematic
diagram of a satellite direct broadcast system constructed in accordance

with an enbodige?s iofa ﬂh?-amdhsumngnmtahgnnerfl peifoPmed an-Bdagdv « kaellite in
depi ct| t he se ence Efltﬁ?l ons for end-to-end signal processing in

t he sys boi anueﬁlbﬁfi'g‘ CRESHIEFRNTEBORi t h an enbodi ment  of the
present 15 F]% /634 1s08) di depitingPa SRAE Bt 'cﬁnéeloﬁkrddhﬁ&{eﬂ”hO% L%
n e present

earth statio onstruct I n-‘accor dance W th an enbodi nent o

i nvent i onyltiplexydownlink bit seara imadcorddncegrittnan ernbadimentrod the prestoviswensiogent

mul ti pI exi ng .cord nce Wyt h an Qf e present | nvent I on;
Fig.°5is a sﬁdﬁe%;‘f ?f%Bng}B Béﬁ‘t‘é" %&‘5’5 & geasaRtot or a
satel | i ttﬂedﬁa%@&didé@ﬁﬁtﬁaﬂeiﬂbodﬁm@ Emémqﬁvehﬁsn aﬁesent | nvent | on; Fig. 6

is a schematig¢ diagrn illustratin d sat ite demult |p| xing and
denodul at i on Figso 284 and 28 L atﬁ“&gﬁgg‘) 8itFBFROD

I nventi I I|te
At el ekt 8 fsich ScbuRRRy £oo AR S ﬁ%g“t*t?%*ﬂhﬁgfe%#m% t

present ‘invention; Fig. 8 is a schematic diagramillustrating on- board

sat ell ;},tﬁmﬂdﬁg' n&mr&mﬂeﬁggahnh(’r&m&t |an exi ng operations in aceordance

CTTTIooTT™TTeTTt TTV CTTC

Overview

In accordance with the present invention, a satellite-based radio broadcast system 10 is
prbvided to broadcast programs via a satellite 25 from a number of different broadcast stations
23a and 23b (hereinafter referred 1o generally as 23), as shown in Fig. 1. Users are provided with

15 radio receivers, indicated generally at 29, which are designed to receive one or more time division
mulriplexed (TDM) L-band carriers 27 downlinked from the satellite 25 that are modulated at
1.86 Megasymbols per second (Msym/s). The user radios 29 are designed to demodulate and
demultiplex the TDM carrier to recover bits that constitute the digital information content or |
program transmitted on broadcast channels from the broadcast stations 23. In accordance with

20 an embodiment of the invention, the broadcast stations 23 and the satellite 25 are configured to
formar uplink and downlink signals to allow for improved reception of broadcast programs using
relatively low cost radio receivers. A radio receiver can be a mobile unit 292 mounted in a
transportation. vehicle, for example, a hand-held unit 28b or a processing terminal 29¢ with a
display.

25 Although only one satellite 25 is shown in Fig, 1 for illustrative purposes, the system 10
preferably comprises three geostationary satellites 25a, 25b and 25¢ (Fig. 12) configured to use
frequency bands of 1467 to 1492 Megahertz (MHz) which has been allocated for broadcasting
satellite service (BSS) direct audio broadcast (DAB). The broadcast stations 23 preferably use
feeder uplinks 21 in the X-band, that is from 7050 to 7075 MHz. Each satellite 25 is preferably

30  configured to operate three downlink spot beams indicated at 31a, 31b and 31c. Each beam
covers approximately 14 million square kilometers within power distribution contours that are
four decibels (dB) down from beam center and 28 million square kilometers within contours that
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Fig.-9is a s‘@w 'g bl ock diagram of a radio receiver for use in the
systemdepicted in Frg. 1 and constructed in accordance with PETRIRPU Ment
of the present invention; 30 Fig. 10 is a schematic diagram

I, lustrating receiver synchroni zation and denul tipl exi ng operations in
accordance wth an enbodi nent of the pregent invention; Fig. 11 is a
schematic diagramillustrating synchronization and nul tipl exi ng operations
for recovere righe aiBe down.o dihealdant benrerensrgint can be ddi dBbased e eoredavaregam-tdr an
enbodi ment_ of the r.ezfglb@? ention; Fig. 12 is a schematic diagramof a
syst em f or “REFEBFHEHE & & *and broadcast stations in s accordance with
an enbodi ment  ofich tenidiRE eferehdWs Fig, AN theMiydlink kignhl§ 28 gertdrabdifrotn e Bibadcast

di agram of the broadcast_ segnent, space segnent’ and radio segnent of a

syst em corfgations 23care mesultaddarfeeguency Idivision mduplenapresso FLIMA) Ggm]ﬁt om the

i nventi.on; _FEi gy... 14| ' an Lh. ' i ' . Vi CRe
compondnt SEheAtops 29 k8 Bffrebly it o oS vRibily of e fuffce 25
const r uct e€hchrbrogdeast daion 28vptdferstbly Rastuheiabilityt toafplink dirgutle Srom itd Gwni fasibiidsiton;
Fig. 15 1is aazggqer_m L c bl,ock, di agram of égﬁ !ser vice | i%er of the Jbroadcast
segnent of°Rg sareliizespod o plagrprie or Jpare A t R s37onsh (bR Rrme ke igeremgats
present i tdile cdphish | h R el Co QEFHH
seqguence gaefﬁgr%‘%br C%lsigd ?Jger bﬁ?ﬁ‘%l I ng !)Srf)dgd' ast rﬂéﬁgsnﬁoerf‘i n g%@gr e{]r?(t:eOf
wi th an erfieadbilite for shiringwhe spacs sasgmennamong wakipleSndependent bfsiagcastiFations 23 and
;C/Qte o o © s?g!m%cgnt(ii}l* e g pgvpe? and Lgrlxc%%hela Ay of %fxe ﬁpq%krea ; %aﬁgx%nﬁr.]tl’zgn;ae%ate
incrernents (PRIs) of 16 kilobits per second (kbps) are preferably the most fundamenral building

block or rudimentary unit used in the system 10 for channel size and can be combined to achieve

R

higher bit rates. For example, PRIs can be combined to create program channels with bit rates
up to 128 kbps for near compact disc quality sound or multimedia broadcast programs
15 comprising image data, for example,

Conversion between uplink FDMA channels and downlink multple channel per
carrier/time division multplex (MCPC/TDM) channels is achieved on-board each satellite 25 at
the baseband level. As will be described in further detail below, prime rate channels transmitted
by a broadcast station 23 are demultiplexed at the satellite 25 into individual 16 kbps baseband

20  signals. The individual channels are then routed to one or more of the downlink beams 31a, 31b
and 31c, each of which is a single TDM stream per carrier signal. This baseband processing
provides a high level of channel control in terms of uplink frequency allocation and channel

routing between uplink FDMA and downlink TDM signals.

The end-to-end signal processing that occurs in the system 10 is described with reference

25  toFig. 2. The system components responsible for the end-to-end signal processing is described
in further derail below with reference to Figs. 3-11. As shown in Fig. 2, audio signals from an
audio source, for example, at 2 broadcast station 23, are preferably coded using MPEG 2.5 Layer
3 coding (block 26). The digital information assembled by a broadcast service provider at a
broadcast station 23 is preferably formatted in 16 kbps increments or PRIs where 7 is the

30 number of PRIs purchased by the service provider (i.e., 7 x 16 kbps). The digital information is
then formatted into a broadcast channel frame having a service control header (SCH) (block 28),
described in further detail below. A periodic frame in the system 10 preferably has a period
duration of 432 milliseconids (ms). Each frame is preferably assigned 7 x 224 bits for the SCH
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construct egy &grdance wi th an enbodi nent of the present invention; Fig.
18 is a schenatlc | ock diagram of the transport |ayer of tRETHISHRSHt
segnent of a system constructed in accordance with an enbodi nent of the-
present invention; Fig. 19 is a diagram of a broadcast channel franme in the
outer transport layer depicted in 20 gFig. 18, and a prinme rate channel
frame in the inner transport |ayer as depicted in Fig. 18; Fig. 20 is a

di agr ansuch Ichist trhieolbit fuge batbied fEproxigrately 5y m&bl%kbps. -Bagh frame mﬁm sdranibled biyn

accor dange. nbo nt of the pr nt. i.nventi on; 21 is
2 henm RETiATGh A FPORORAP RO, FraRt BUHlE Skt HIRREReD SOl d e o ino
i nner t %&PB&EH g@fnu%fexicg?ngﬁ‘)%@%&% ﬁ%%ﬁaﬂe'}u&ﬁ Re8edMdr!¥o

enbodi nt of " the” present I nvention; Fig. 22 is di agram dep| ctl ng t he

denul t i grandomgerish (FES) protestion ushgpretaralily o qoncavenatest codisiganethods such as the

2 chanmt Tt oo el (PR By BeRins” Bl ha S8y iton! ring e el
IS%\S/teﬁ{nl %zsri:mhmmtwdimgn dasmbécﬂdjycéh h (blaclerm))dl Mhiet codedt bies [ eeht frame

mul t i pl EFeaRng q@%i’k&aﬁ@?s g QE'[LB&& :@@E’“R}%!W Lpr{gmg' " BETS! ¢ he

pr esent Lt NMER] %%’?‘h%fi'%qﬁﬁm

pef f or n%at on- %g%c:s) ggt&ﬁ% t ?l@gﬁ%{rz agﬁég}\k/)vft an emc nt o

pr esent héaderis prayided. Each of the 7 PRCs is nex differentially encoded and then modulated using,
10 for example, quadrature phase shift keying modulation onto an intermediate frequency (IF)

,-

carrier frequency (block 34). The » PRC IF carrier frequencies constituting the broadcast
channel of a broadcast station 23 is converted to the X-band for transmissior_i to the satellite 25,

“as indicated by the arrow 36. |
The carriers from the broadcast stations 23 are single channel per carrier/frequency
15 division multiple access (SCPC/FDMA) carriers. On-board each satellite 25, the SCPC/FDMA
carriers are received, demultiplexed and demodulated to recover the PRC carriers (block 38).
The PRC digital baseband channels recovered by the satellite 25 are subjected to a rate alignment
function to compensate for clock rate differences between the on-board satellite clock and that
of the PRC carriers received at the satellite (block 40). The demultiplexed and demodulated
20  digital streams obtained from the PRCs are provided to TDM frame assemblers using routing
and switching components. The PRC digital streams are routed from demultiple:ﬁing and

" demodulating equipment on-board the satellite 25 to the TDMA frame assemblers in accordance

with a switching sequence unit on-board the satellite that is controlled from an earth station via a
command link (e.g., a satellite control center 236 in Fig. 12 for each operating region). Three
25  TDM carriers are created which correspond to each of the three satellite beams 31a, 31b and 31c
(block 42). The three TDM carriers are up converted to L-band frequencies following QPSK
modulation, as indicated by arrow 44. Radio receivers 29 are configured to receive any of the
three TDM carriers and to demodulate the received carrier (block 46). The radio receivers 29 are
designed to synchronize a TDM bit stream using a master frame preamble provided during on-
30 board satellite processing (block 48). PRCs are demultiplexed from the TDM frame using a Time
Slot Control Channel (TSCC), as well. The digital streams are then remultiplexed into the FEC-
coded PRC format described above with reference to block 30 {block 50). The FEC processing
preferably includes decoding using a Viterbi trellis decoder, for example, deinterleaving, and then
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Fig.-26 is a %@5 glepicting a time slot control word inserted in a tinme .
di vi sion nul tiplex downlink bit streamin accordance with an eREHUPHER#SOf
the present invention; 5 Fig. 27 is a schematic diagramof a tine
division multiplex frame sequence generator used in accordance with an
enbodi ment of the present invention; and ¥igs. 28a and 28b are schematic
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radi os 29 are designed to denodul ate and denmultiplex the TDMcarrier to
recover bits that constitute the digital information content or program

transm tt e@rfnk t,mgmgnf romthe broadcast stations 23. In
accor dance™w sJoJe of the invention, the broadcast stations
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' program or service. The coding of the program comprising combined audio sources 60 and 64

7

15 will be described. The signal processing of the program comprising digital informarion from
sources 68 and 72 is identical.

As stated previously, broadcast stations 23 assemble information from one or more
sources 60 and 64 for a particular program into broadcast channels characterized by increments
of 16 kbps. These increments are referred to as prime rate increments or PRIs. Thus, the bit

20 rate carried in a broadcast channel is # x 16 kbps were # is the number of PRIs used by that
particular broadcast service provider. In addition, each 16 kbps PRI can be further divided into
two 8 kbps segments which are routed or switched together through the system 10. The
segments provide a mechanism for carrying two different service items in the same PRI such as a
data stream with low bit rate speech signals, or two low bit rate speech channels for two

25  respective languages, and so on. The number of PRIs are preferably predetermined, that is, ser in
accordance with program code. The number n, however, is not a physical limitation of the
system 10. The value of # is generally set on the basis of business concerns such as the cost of a
single broadcast channel and the willingness of the service providers to pay. In Fig. 3, n for the
first broadcast channel 59 for sources 60 and 64 is equal to 4. The value of # for the broadcast

30 channel 67 for sources 68 and 72 is set to 6 in the illustrated embodiment,

As shown in Fig. 3, more than one broadcast service provider can have access to a single
broadcast station 23. For example, a first service provider generates broadcast channel 59, while

a second service provider can generate broadcast channel 67. The signal processing described
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are pre&fder dbdcyibédBelowshoweras ahefib@k palbted &i tie system 10 can be set to a different
predetermined value. If the period duration is 432 ms, then each 16 kbps PRI requires 16,000 x

0.432 seconds = 6912 bits per frame. As shown in Fig. 4, a broadcast channel therefore consists
of a value 7 of these 16 kbps PRIs which are carried as a group in the frame 100. As will be
15  described below, these bits are scrambled to enhance demodulation at the radio receivers 29.
The scrambling operation also provides a mechanism for encrypting the service at the option of
the service provider. Each frame 100 is assigned # x 224 bits wh1ch correspond to a service
control header (SCH), resulting in a total of 7 x 7136 bits per frame and a bit rate of » x (16,518
© +14\27) bits per second. The purpose of the SCH is to send data to each of the radio receivers
20 29 tuned to receive the broadcast channel 59 or 67 in order to control reception modes for
various multimedia services, to display data and images, to send k'ey' information for decryption,

to address a specific receiver, among other features.

With continued reference to Fig. 3, the sources 60 and 64 are coded using, for example, -

MPEG 2.5 Layer 3 coders 62 and 66, réspectively, The two sources are subsequently added via 2
25 combiner 76 and then processed using a processor at the broadcast station 23 to provide the
 coded signals in periodic frames of 432 ms, that is, 7 x7136 bits per frame including the SCH, as
indicated by processing module 78 in Fig. 3. The blocks indicated at the broadcast station in Fig,
3 correspond to programmed modules performed by a processor and associated hardware such
as digital memory and coder circuits. The bits in the frame 100 are subsequently coded for FEC
30  protection using digital signal processing (DSP) software, applicaﬁon specific integrated circuits
(ASICs) and custom large-scale integration (LSI) chips for the two concatenated coding
methods. First, a Reed Solomon coder 80a is provided to produce 255 bits for every 223 bits
entering the coder. The bits in the frame 100 are then reordered according to a known
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servi ce priyviegder fdnecﬁonxsfl795/iﬁ)Kbp$i+647b23 digital i nf or rrat ion is then
formatted into a broadcast channel frame havi ng‘g% servi ce control header

(SCH) (bl ock 28Withdeosmnisseretarence ue thger3, abe #i ¥ 16800ws o the AESarederrbroaddas
eSO B e S5 i
paralle] prime rate channels (PRCs), each carrying 16320 bits in terms of sets of 8160 two-bit

15  symbols. This process is further illustrated in Fig. 4. The broadcast channel 59 is shown which

1s characterized by a 432 ms frame 100 having an SCH 102. The remaining portion 104 of the

frame consists of 7 16 kbps PRIs which corresponds to 6912 bits per frame for each of the

PRIs. The FEC-coded broadcast channel 106 1s artained following concatenated Reed Solomon

255/223, nterleaving and FEC 1/2 convolution coding described above in connection with

20 module 80. As stated previously, the FEC-coded broadcast channel frame 106 comprises 7 x

16320 bits which correspond to 8160 sets of two-bit symbols, with each symbol being designated

by a reference nutneral 108 for illustrated purposes. In accordance with the present invention,
the symbols are assigned across the PRCs 110 in the manner shown in Fig. 4. Thus, the symbols
will be spread on the basis of time and frequency which further reduces errors at the radio
25  receiver caused by nterference in transmission. The service provider for broadcast channel 59
has purchased four PRCs for illustrative purposes, whereas the service provider for broadcast
channel 67 has purchased six PRCs for illustrative purposes. Fig, 4 illustrates the first broadcast
channel 59 and the assignment of symbols 114 across the » = 4 PRCs 1103, 110b, 110c¢ and
110d, respectively. To itnplement recovery of each two-bit symbol 114 set at the receiver, a PRC
30 synchronization header or preamble 1122, 112b, 112¢ and 1124, respectively, is placed in front of
each PRC. The PRC synchronization header (hereinafter generally referred to using reference
numeral 112) contains 48 symbols. The PRC synchronization header 112 is placed in front of
each group of 8160 symbols, thereby increasing the number of symbols per 432 ms frame to
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are received, demultiplexéd and denodul ated to recover the PRC cdrriers
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2 is assigned to PRC 110b, symbol 3 is assigned to PRC 110c, symbol 4 is assigned to PRC 110d,
symbol 5 is assigned to PRC 110e, and so on. This PRC demultiplexing process is performed by

a processor at the broadcast station 23 and is represented in Fig. 3 as the channel distribution
(DEMUX) module 82. _ :

15 The PRC channel preambles are assigned to mark the beginning of the PRC frames 110a,
110b, 110c and 110d for broadcast channel 59 using the preamble module 84 and adder module
85. The n PRCs are subsequently differentially encoded and then QPSK modulated onto an IF
carrier freqﬁericy using a bank of QPSK modulators 86 as shown in Fig. 3. Four of the QPSK

" modulators 862, 86b, 86¢ and 86d are used for respective PRCs 110a, 110b, 110c and 110d for

20 broadcast channel 59. Accordingly, there are four PRC IF carrier frequencies constituting the
broadcast channel 59. Each of the four carrier frequencies is up—éonverted to 1ts assigned
frequency location in the X-band using an up-converter 88 for transmission to the satellite 25.
The up-converted PRCs are subsequently transmitted through an amplifier 90 to the a_htenna
(e.g.a VSA'I‘):' 91a and 91b.

25 In accordance with the present invention, the transmission method employed at a
broadcast station 23 incorporates a multplicity of 7 Single Channel Per Carrier, Frequency
Division Multiple Access (SCPC/FDMA) carriers into the uplink signal 21. These
SCPC/FDMA carriers are spaced on a grid of center frequencies which are preferably separated
by 38,000 Hertz (Hz) from one another and are organized in groups of 48 contiguous center

30  frequencies or carrier channels. Organization of these groups of 48 carrier channels is useful to
prepare for demultiplexing and demodulation processing conducted on-board the satellite 25.
The various groups of 48 carrier channels are not necessarily contiguous to one another. The
carriers associated with a particular broadcast channel (Le., channel 59 or 67) are not necessarily
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broadcast station can therefore be designed to fit the capacity requirements and financial

resource limitations of a broadcast company. A broadcast company of meager financial means
can install 2 small VSAT terminal requiring 2 relatively small amount of power to broadcast a 16

—
n

kbps service to its country that is sufficient to carry voice and music having quahty far better

than that of short-wave radio. On the other hand, a sophisticated broadcast bompany of

substantial financial means can broadcast FM stereo quality with a slightly larger antenna and
more power at 64 kbps and, with further increases in capacity, broadcast near compact disc (CD)
stereo quality at 96 kbps and full CD stereo quality at 128 kbps.

20 The frame size, SCH size, preamble size and PRC length described in connection with
Fig. 4 are used 10 realize a number of advantages; however, the broadcast station processing
described in connection with Figs. 3 and 4 is not limited to these values. The frame period of
432 ms is convenient when using an MPEG source coder (e.g., coder 62 or 66). The 224 bits for
each SCH 102 is selected to facilitate FEC coding, The 48 symbol PRC preamble 112 is selected

25 to achieve 8208 symbols per PRC 110 to achieve 19,000 ksym/s for each PRC for a simplified
implementation of multiplexing and demultiplexing on-board the satellite 25, as described in
furure detail below. Defining symbols to comprise two-bits is convenient for QPSK modulation
(Le., 22 = 4). To illustrate further, if phase shift key modulation at the broadcast station 23 uses
eight phases as opposed to four phases, then a symbol defined as having three bits would be

30 more convenient since each combination of three bits (Le., 2°) can correspond to one of the

eight phases,
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Additional satellites can be controlled by one of these three facilities. |

15 ~ As will be described in further detail below in connection with on-board satellite

processing in Fig, 6, an on-board digitally implemented polyphase processor is used for on-board

signal regeneration and digital baseband recovery of the symbols 114 twransmitted in the PRCs.
The use of groups of 48 carriers spaced on center frequencies separated by 38,000 Hz faciliares
processing by the polyphase processor. The software available at the broadcast station 23 or
20 RBCF 238 can perform defragging, that is, defragmentation processing to optimize PRC 110
assignments to uplink carrier channels, that is, groups of 48 carrier channels. The principal
behind defragmentation of uplink carmer frequency éssigmﬁents is not unlike known software
for reorganizing files on a computer hard drive which, over time, have been saved in such a
piece-meal manner as to be inefficient for data storage. The BCC functions at the RBCF allows
25  the RBCF to remotely monitor and control broadcast stations to assure their operation within

assigned tolerances,

Satellite Payload Processing

The baseband recovery on the satellite is important for accomplishing on-board

30  switching and routing and assembly of TDM downlink carriers, each having 96 PRCs. The
TDM carriers are amplified on-board the satellite 25 using single—carrier—per—traveling—wave-tﬁbe
operation. The satellite 25 preferably comprises eight on-board baseband processors; however,

only one processor 116 is shown. Preferably only six of the eight processors are used at a time,
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16 kbps PRIhe erfst awd plaen2800&PRCs in a downlink beam is programmable and selectable from a
telemetry, range and conwol (TRC) facility 24 (Fig, 1). Each polyphase demultiplexer and
demodulator 122 receives the individual FDMA uplink signals in groups of 48 contiguous
channels and generates a single analog signal on which the data of the 48 FDMA signals is time
15 multiplexed, and performs a high speed demodulation of the serial dara as described in further
detail below in connection with Fig, 6. Six of these polyphase demultiplexer and demodulators
122 operate in parallel to process 288 FDMA signals. A routing switch and modulator 124
selectively directs individual channels of the six serial data streams into all, some or none of the
downlink signals 27 and further modulates and up-convents the three downlink TDM signals 27.
20 Three traveling wave tube amplifiers (TWTA) 126 individually amplify the three downlink
signals, which are radiated to the earth by L-band transmit antennas 128.
"The sarellite 25 also contains three transparent payloads, each comprising a demultiplexer

and down-converter 130 and an amplifier group 132 configured in a conventional "bent pipe"
signal path which converts the frequency of input signals for retransmission. Thus, each satellite

25 25 in the system 10 is preferably equipped with two types of communicarion payloads. The first
type of on-board processing payload is described with reference to Figs. 5, 6 and 7. The second

type of communication payload is the transparent payload which converts uplink TDM carriers

from frequency locations in the uplink X-band spectrum to frequency locations in the L-band
downlink spectrum, The transminted TDM stream for the transparent payload is assembled at a

30  broadcast station 23, sent to the satellite 25, received and frequency converted to a downlink
frequency location using module 130, amplified by 'a TWTA in module 132 and transmitted to

one of the beams. To a radio receiver 29, the TDM signals appear identical whether they are
. from the on-board processing payload indicated at 121 or the transparent payload indicared at
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0: 432 seco%sy 65912 bits per frame. As shown in Fig. 4, a broadcast
channel therefqore consi sts of a value n of these 16 kbps PRIGFPR8ERSYr e
carried as a group in the frame 100. As will be 15 descri bed bel ow, these
bits are scranbled to enhance denodul ation at the radio receivers 29. TMe
scranbling operation also provides a rmechani smfor encrypting the service
at the option of the service provider. Each frane 100 I s assigned n x 224

bits whiish mmpﬁa@moybcamnyoﬁmhwp:mélpa)ﬂmﬂéﬂ anddBy arerspaaet winrsgparatea

| f f 8 \
bt e il 9hd Kbipitpacng hich e Aestieed Bertetn b Siofler i & Bisped g oo il
radi o r geRLMRF bcsibns of § nitk BEGerald 6 Bbikaypdief payleals 121 avdh 330t oRF6OKIE7 i N

order to control receptlon nmodes for various nultinmedia services, to
di spl aySpaomgs and inmages, to send key infornmation for decryption, to address

3. “Phe. sour ca0e oy Baw Eieletind ERLMBRY 3 HILERT b BRERO TG T O

coder s ithaefdrefite torFig.6e CAS shetvy in Figes, tSﬁB’CV«HDMAs:ames, each ¢ gihiohtib dessgicieed vi a
a 25 co er 76 an then processed usi rogessor at t br.oadcast
star or b Pelgepr Rk b Betened trrpat AR HRBEE PRt s i ST ha
m) duI . 7é3 i%k&tms&sdve e!; Naeicafietd €36547e spacedi ditlh GRidest QreR [fRGRERHAY

in Fig. e I'ocks i ndi cated at the br oadcast statlon in Fig.

3 corresqparwed cbypﬁ&ngm*red'ﬂm)dpMmg slsrermines ddesigna paremetses if  shed polypbeseat ed
h dizqgi t f
o0ty cAeBiEEleRER Fo* tebh arei, 25 Biferfy e BhERPUE SCROPEPMA el g e ™
pr gcess %-daﬁvléd)s%msgf?mb@ oﬁﬂﬂbd_deﬁtl( fﬁfme%j fi 6ix @b?ghaé ede:ﬁtklﬂpluxérs ;(n@lCSiI Cs)
and cust.om e-scal e i ntegrati chi or the two conc

codi ng AemA gfslﬂ|~?§fe‘hafe gare C%ﬁﬁ?? cé\d\eﬁ’ng@?&di’g"cﬁﬁs% ’cﬁe%fcmsgre ﬁ#& 255
bits fogcp gnﬁe%%gﬁtgzl g}ﬁ&& §5¢ B b ESRreft® Wi inth Shrdé USwhikK TOM caRrs! QR1AT ©

t hen reorder acc to a
carrying 96 of the PRCs 1 96 time slots.

15 The 288 carrters are received by an uplink global beam antenna 118 and each group of 48

channels is frequency converted to an intermediate frequency (IF) which is then filtered to select

a frequency band occupied by that particular group 138. This processing takes places in the

receiver 120, The filtered signal is then supplied to an analog-to-digital (A/D) converter 140

before being supplied as an input to a polyphase demultiplexer 144. The demultiplexer 144

20  separates the 48 SCPC/FDMA channels 138 into a time division multiplexed analog signal

stream comprising QPSK modulated symbols that sequentially present the content of each of 48

SCPC/FDMA channels at the output of the demuluplexer 144. This TDM analog signal stream

is routed to a digitally implemented QPSK demodulator and differential decoder 146. The

QPSK demodulator and differential decoder 146 sequentially demodulates the QPSK modulated

25  symbols into digital baseband bits. Demodulation processing requires symbol timing and carrier

| recovery. Since the modulation is QPSK, baseband symbols containing two-bits each are

recovered for each carrier symbol. The demultiplexer 144 and demodulator and decoder 146 will

hereinafter be referred to as a demultiplexer/demodulator (D/D) 148. The D/D is preferably

accomplished using high speed digital technology using the known Polyphase technique to

30  demultiplex the uplink carriers 21. The QPSK demodulator is preferably a serially-shared,

digjtally-implemented demodulator for recovering the baseband two-bit symbols. The recovered

symbols 114 from each PRC carrier 110 are subsequently differentially decoded to recover the
original PRC symbols 108 applied at the input encoders, that is, the channel distributors 82 and
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i nterl eaving WehepEsgas | ndkied by reference number 80b. The interleaving .
coding provides fiuther protection against bursts of error en WB®S n a
transm ssion since this net hod spreads danmmged bits over several channel S.
Wth continued reference to proceSS| ng nmodul e 80, -a known convol ution

codi ng schene of constraint length 7 is &pplied using a Viterbi coder 80c.

5 The Viterbi coder 83c produces two output bits for every input bit,
produci ng sinFigdt atnthsbroadcas 3aof 28 Bwedeuwllite 25papload prefenabl mmmmlx dtglrdbre nt

PEC-coded DRt BraRREDAS 1. BF ariEPe S8R waa i Es B e Pvigaus
bits of |n§a§€ﬂ[{§f)év%id\f@fe§ﬁcé1 mﬁa@m&wmtgeordered and coded agai n such
that the original broadc 6 kbps PRLs are no IQnger |dent|f|able The

FEC- coded bit s, With cong w@rrenq;rt@ i Gt Peagesser 116 rlﬁﬁm&mm@%raf:@r w,h ms
f i

(787 5Ll FRIDURICES o£ 00 et o A N i R 28

the FEC codhedmb:erchm{omsnﬂupﬂaxahqhnlfai amm gemmtﬂdeq dtemdtyutsoi tolokt QPSK(ﬂemodulator

d I tipl but t I t
Channel & (RCOYreBa Hecotier i ThE SR o ardi compPoniedis, (g BB ooy
15 symbol BuficHini GEBAP of &ef&{etaﬂ Brimich rhishleatoodn Fy. 61 e dékcngéaqntm@%aat

channel 59 is shown wh I s characCterized by a frame 100 having an
SCH 102. Twish referamagitn @m&r flhe ratq alignayfent modile &mmmsamséooc ok e diffpreneR) s

FEG colfod SPRa Re pREREATIR 52 37 ol BT, B et o i it o

Sgl omon 2528138 nat@veﬂﬁamewemmaf Hheldotkampy diffet beeause of diffprae slﬁr:k brek at
i t th 20 80._As st at t
0y R RO a0 2 0 0 s R Bl e by

motion of the satellite 25. Clock rate differences attributed vo the broadcast stauons 23 can

originate in clocks at a broadcast station itself or in remote clocks, the rates of which are
15 transferred over terrestrial links between a broadcast studio and a broadeast station 23.

The rate alignment module 150 adds or removes a "0" value symbol, or does neither
operation in the PRC header portion 112 of each 432 ms recovered frame 100. A "0" value
symbol is 2 symbol that consists of a bit value 0 on both the I and Q channels of the QPSK-
modulated symbol. The PRC header 112 comprises 48 symbols under normal operating

20  conditions and consists of an initial symbol of "0" value, followed by 47 other symbols. When
the symbol tmes of the uplink clock, which is recovered by the QPSK demodulator 146 along
with the uplink carrier frequency, and those of the on-board clock 152 are synchronized, no
change is made to the PRC preamble 112 for that particular PRC 110, When the arriving uplink
symbols have a timing that lags behind the on-board clock 152 by one symbol, 2 "0" symbol is

25  added to the start of the PRC preamble 112 for the PRC currently being processed, yielding a
length of 49 symbols. When the arriving uplink symbols have a timing that leads the on-board
clock 152 by one symbol, a "0" symbol is deleted at the start of the PRC preamble 112 of the
current PRC being processed, yielding a length of 47 symbols.

As stated previously, the input signal to the rare alignment module 150 comprises the

30  stream of the recovered baseband two-bit symbols for each received uplink PRC at their
individual original symbol rates. There are 288 such streams issued from the D/D 148
corresponding to each of the six active processors 116, The action involving only one D/D 148
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16320 bits wWhiggheser respond to 8160 sets of two-bit synbols, with each
synbol being designated by a reference nuneral 108 for il | uRGTABY23595
purposes. In accordance with the present invention, the synbols are
assigned across the PRCs 110 in the manner shown in Fig. 4. Thus, the
synbols will be spread on the basis of 1&8i ne and frequency which further
reduces errors at the radio 25 receiver caused by interference in

t ransmi smidoone ritecligement aeoduteolA0ds destribeds plthangh dt is 6o b vaderswod sharghe othes ed
br oadcast AR M G ERE ver R RPBOR (. 77 DS i hoses. Fig.
synchy onj w;& masﬂg &gg@@g@g@@%&ﬂ&mlﬁm 8¢ cifihribh o thd PROSbAeYE! V)

Is placed 1n front o0 PRC S’é nchroni zat on header (hereinafter

gener al | $12r @thiohr codiratins 147 syonbob freiqenwerd) alocdlsmyred oopyarhtheagiquermardsn The

PRC synchroni zati pn a 112 i | aged .i n.f ront . of h_qreu f 816

synbo?/s, c%‘?&@ﬁﬁ“‘ﬁﬁ%ﬂ%b" {%ﬁﬁeﬁ'&p ogfm ?}’l‘ﬁ -55558?‘%3&“2“ 13 gf”!r)%f)nc@“'g?)”g 12
8208 syn{leds 152°6ER Hétvndh Yeorrelagors wilkalis deveAnibed arnd ased2108ddjust Fe Ihinkhofatieal s
19, 000 kilosynbols per second (ksym's) for each PRC 110 gngewé'gitsynbpl PRC

pr eanbl ePRGCHeader 152tp comapensarefor pherrave differamgeo riitizg: the FRS I pimodiedy er

PRC ¢ oc i e £ [ : ' : 1, SS5L0N
o7 3 O hatih I ASEN o U TR Byl BT JEpSRie LTS vibihg BB D)
timng dmkimetedsies 16€(Fiedh t he synbol rates of arriving uplink signals and
that used on- PRC symbols enter the ping-pong buffer pair 153 at the left. The ping-pong action
causes one buffer 149 or 151 1o fill ar the uplink clock rate, and the other buffer to

simultaneously empty at the on-board clock rate. The roles reverse from one frame to the next

15 and cause continuous flow between input and output of the buffer 149 and 151. Newly arriving
symbols are written to the buffer 149 or 151 to which they happen to be connected. Writing
continues to fill the buffer 149 or 151 until the correlation spike occurs. Writing then stops, and
the input and output switches 161 and 163 switch to the reverse state. This caprures an uplink |

| PRC frame so that its 48 header symbols reside in the 48 symbol slots with one slot left unfilled

20  at the output end of the buffer and the 8160 data symbols fill the first 8160 slots. The contents
of the subject buffer are immediately read to the output thereof at the on-board clock rate. The
number of symbols read out are such that the PRC header contains 47, 48 or 49 symbols. A "0"
value symbol is removed or added at the start of the PRC header to make this adjustment. The
header length 112 is controlled by a signal coming from a frame symbol counter 159 which

25  counts the number of on-board clock rate symbols that will fall in 2 PRC frame period to
determine the header length. The ping-pong action alternates the roles of the buffers. |

To perform the count, the frame correlation spikes coming from the buffer correlators
155, as PRC frames fill the buffers 149 and 151, are smoothed by a synch pulse oscillator (SPC)
157. The smoothed sync pulses are used to count the number of symbol epochs per frame. The

30  number will be 8207, 8208 or 8209 indicating whether the PRC header should be 47, 48 or 49
symbols long, respectively. This information causes the proper number of symbols to come
from the frame buffers to maintain symbol flow synchronously with the on-board clock and
independently of earth terminal origin. e
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board to swi g8 sbhges! 9nal s and assenbl e the downlink TDM streans. This is .
done by adding, subtracting a "0" or neither to each 48 symboFCHEEY3I5¢5he
rate alignsent process used on-board the satellite. Thus, the PRC preanbl es
carried on the TDM downlink -has 47, 48 or 49 synbols as det er ni ned by the
rate alignment process. As shown in Fig. 1%, synbols 114 are assi gned to 10
consecutive PRCs in a round-robin fashion such that synbol 1 is assigned to
PRC 11Qa, synboForZhe satadﬁﬁegnea! anncxﬁﬂd dteolche &yyrnmoﬂO theirgn goes Yerwdert prepRble

10c, synbo assigned,to 1 synbol ned. t o PRC 110e,

and so on. 1%‘“‘ a&?@o fe[la} ?1}5}? l%#d’&%é? glo g‘é d‘%ﬁ ofy processor at
the br oadcmtwmtékt:i:@R@ﬁre&ameIcané&iahe%ﬁ&h@dvérage%fgone?eva@ tzb@mmﬁ&k The
di stribution (DEMJX) nodul e 82. PRC chanpel preanbl es are

assi gned twssulingrarerdjustrgentnases "bﬁ sxmbolm pﬁﬁs@@@_ﬂdﬁ to bg precisaly gy

for brqadcas n 5.
The n RCgt%a{rhg Js}'ﬁl‘gseque%ﬁj?/idl eren a@lfeenco;gage %%Etdsgﬂg%&%ggi ?%f?ed
ont o an | Hocaions &1 a TDM frame, miﬁrﬂ&@a‘ar@ﬂéatrd Genendliyras I%maElgsdndSMc in
Fig. 3. Four, of .the, QPS at nd 8G ar ed f
respect i vePTHREEd FBRE 39 emtc%@ﬁ@é%mﬁﬁ%a? Fio BO% Rimesill agv e edmizh
Accor di ngl pfer, &Q@E@Pgrgz four PRC I'F carrier frequencies constltutl ng the

br oadcast an nnel Each of the four carrier frequencies is up-converted

to its assignedFigréeifusrney PRErodesting by a singleDiBrid8 iy paoressingnio performed 18
f t t h || ()
or RISTHEAR 2 G B oh k6 T PTOME! LEGLBROR A Bt o he sy

VSAT) 91a BYiDs948, havihg been synchrérizedcadratigwrdeostht th 4 feealptrese hbvihgy erthbéltatet he
transm ssi on et hod errpl oyed at a broadcast st t ggﬁ@/ ncor porates a

mul ti pl i ci@iyA&¥ 130 waich e {00 gmioly pereseco IPi168.sFhersenell siepme
Access ( SQRGHFMAD /27148 Ghde d@:ﬁﬁlﬁpﬂe@(e&’ﬁh& L pM&TJRCZQtreams Es\ﬁﬁfrates of 19,000
symbols per second, as shown in Fig. 7. The aggregate of the PRC streams coming from all six
15 D/Ds 148 on-board the satellite 25 is 288, with each D/D 148 carrying 19,000 sym/s streams.
The symbols therefore have epochs or periods of 1/19,000 seconds which equals approximately
52.63 microseconds duration.
As shown in Fig, 8, 288 symbols are present at the outputs of the six D/Ds 148a, 148b,
148c, 148d, 148¢ and 148f for every uplink PRC symbol epoch. Once each PRC symbol epoch,
20 288 symbol values are written into a switching and routing memory 156. The contents of the
buffer 156 are read into three downlink TDM frame assemblers 160, 162 and 164. Using a
routing and switching component designated as 172, the contents of each of the 288 memory
locations are read in terms of 2622 sets of 96 symbols to each of the three TDM frames in
assemblers 160, 162 and 164 in an epoch of 136.8 ms which occurs once every TDM frame
25 period or 138 ms, The scan rate or 136.8/2622 is therefore faster than the durarion of a symbol,
The routing switch and modulator 124 comprises a ping-pong memory configuration indicated
generally at 156 and comprising buffers 156a and 156b, respectively. The 288 uplink PRCs
indicated at 154 are supplied as input to the routing switch and modulator 124, The symbols of

each PRC occur at a rate of 19,000 symbols per second corrected to the on-board clock 152
30  timing. The PRC symbols are written in parallel at the 19,000 Hz clock rate into 288 positions in -
the ping-pong memory 156a or 156b serving as the input. At the same time, the memory serving
as the output 156b or 1564, respectively, is reading the symbols stored in the previous frame into
the three TDM frames at a read rate of 3 x 1.84 Mz, This latter rate is sufficient to allow the
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SCPC/ FDVA W’Jﬂz@.{ﬁ are spaced on a grid of center frequencies which are
preferably separated by 38,000 Hertz (Hz) from one anot her B HUS38E23595
organi zed in groups of 48 contiguous center 30 frequencies or carier
channel s. Organization of these groups of 48 carrier channels is useful to
prepare for denultipleinrg and denodubati on processing conducted on-board
the satellite 25. The various groups of 48 carrier channels are not

necess %&hﬁhﬁn@&;}tlg'egmm dfahetieesiOMeirallel veeany arieadirectad swedchtof dhreé béans.
a

D ContkaiioR ok ihe aniba g el e beb b el or o RSt Srede

assi gneg:i SO Wf | /o 6hanRebSthe TBM ERBd¥l SBAGTTIM hod
descri be é?vr‘l’{t%:}gf’:mect|I€g£n t tlglgﬁ)é%% tgf?d 4 theref gre allows, for flexibility
i n chocsiean decwrsaencye dokd Msym?sa richeopitpusi messony heclagked for an iptaryal jof 1368

il abl e f t d t hd d.ntend '
hart ngP AR R ot © RpReran Spid e BT S hlop R TeeRE
?dvant aglgtte_ttalax_bfgg?a@}e : goopﬂ%visd?ﬁ iﬁtdlmﬁfdldhaﬁ)aﬁeTEMGﬁmithg_tg i eff#seihi on
or a nultijnplici roadcast conpani es or, servi.ce provider ere '
broadca@thnb%?M@I%: l‘h%gﬁsn%l“ﬁedrnp S BRF%%M’P‘&S@WWt _é‘IIa"l%%ve
gase a%dﬁ@%ﬂ%ﬂh&&%%fuff?%{i@%?& Srange via theRwieh cohpataasiEes AalEeb, | ncrenent s

r PRIs aré preter 8, 64, 80, 96, 112 and 10 128 kbps. The
br oadcast chWithetonunited aefexense bo tFigaBesetaref Phitsymbolst and wimsferred 20 12682 ease

D e S L LM 0 S RGP, SR
to fit fihey GERRIRGs 4r€ gtbupelRigbtheinCkht isad MBNA frame slot as Hlustrated by the slot
166 for symbol 1. The contents of the 2622 slots of each TDM frame are scrambled by adding a
pseudorandom bit pattern to the entire 136.8 ms epoch. In addition, a 1.2-ms epoch is appended
at the start of each TDM frame to insert a master frame preamble (MFP) of 96 symbols and a
15 TSCC of 2112 symbols, as indicated at 168 and 170, respectively. The sum of the 2622 time
slots, each carrying 96 symbols, and the symbols for the MFP and TSCC is 253,920 symbols per
TDM frame, resulting in a downlink symbol rate of 1.84 Msym/s. |
The routing of the PRC symbols between the outputs of the six D/Ds 148A, 148B,
148C, 148D, 148E and 148F and the inputs to the TDM frame assemblers 160, 162 and 164 is
20  controlled by an on-board switching sequence unit 172 which stores instructions sent to it over a
command link from the SCC 238 (Fig. 12) from the ground. Each symbol originating from a
selected uplink PRC symbol stream can be routed to a time slot in a TDM frame to be
wansmitted to a desired destination beam 27. The method of routing is independent of the
relationships between the tme of occurrence of symbols in various uplink PRCs and the
25  occurrence of symbols in the downlink TDM streams. This reduces the complexity of the
satellite 25 payload. Further, a symbol originating from a selected uplink PRC can be routed to

two or three destination beams via the switch 158.

Radio Receiver Operation
30 A radio receiver 29 for use in the system 10 will now be described with reference to Fig,

9. 'The radio receiver 29 comprises an radio frequency (RF) section 176 having an antenna 178
for L-band electromagnetic wave reception, and prefiltering to select the operating band of the
receiver (e.g., 1452 to 1492 MHz). The RF section 176 further comprises a low noise amplifier

R
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resource I|n1ﬁﬁ6 bodef a broadcast conpany. A broadcast conpa éﬁOf meager
financial means can nstall a small VSAT terminal requiring a FEI7U98¢2 !@
smal | amount of power to broadcast a 16 15 kbps service to its country
that is sufficient to carry voice and nusic having quality far better than
that of short-wave radio. On;.the other hand, a sophisticated broadcast
conpany of substantli al fi nanci al means can broadcast FM stereo quality

with a sli 80 which &ragpablecoftaeplifyirg e raperee ggméthhmnﬁtmhb;c&-xan'dduoad nbisé and dler

96 Kbps. andHhGRIAEEHEraS Tepdh i) Ty BB ERBpotstservict shitisk G shpting band
SCH si ze, pf gRtdverizne mﬁ:&ﬁ@zl i @%ﬁde@%%wbﬁ%nwh el AReivkd Bpedtrih oG 4

are used to realjze a nunber of advant ages;_however, the broadcast station
processi ngliksmeditsdtequen highh p QWQ;E: filger 484 seleqrss the desiradnT DM carger

IR ol %@E%%%f%f%%% 23 ] G bl i 12 MR
1261 o Lt oy anc el o o e
{ gr each PREthe ers.ﬁssemﬁéam SREehen s emﬂnswp@ naﬁ&ln‘? ga

denul ti pl el&HEQeP&Pw ng@rﬁetmdéﬁmﬂthmgﬁ 1%&1?%@&1’| SRR em “"I%gg%ﬁédon

bel ow. Definin to conprise two-bits

modul at i onbétiveen c;anic[rexs preferaldly at Ieast s¢vienior e:ghuaspfams toh eppromfna;ﬂl}akél\ﬁliz f Th&kBY

dul £t dcast t dtof
phasee.d  nektigh 7t ReUEr facreaet fib detised T2 Atec RIBAVRLD &1 30F inpan of
conveni ent irférAglly- ga@eﬂazeatm‘@&é}aideaﬁd distortidremdib kject ufwamed €rfidr tHaBBan occur in

correspond .to one of the ei hases.
P the operaring band from 1%2 to 192 MHz. In most areas of the world, the levels of unwanred

signals are nominal, and typically the ratios of unwanted signals to desired signals of 30 to 40 dB
provides sufficient protection. In some areas, operations near high power transmitters (e.g., in

15 the v1c1mty of terrestrial microwave transmitters for public switched telephone networks or other
broadcast audio services) requires a front end design capable of better protection ratios. The
desired TDM carrier bandwidth retrieved from the downlink signal using the RF section 176 is
provided to an A/D converter 188 and then to a QPSK demodulator 190. The QPSK
demodulator 190 is designed to recover the TDM bit stream transmitted from satellite 25, that is,

20 via the on-board processor payload 121 or the on-board transparent payload 133, on a selected
camer frequency.

The QPSK demodulator 190 is preferably implemented by first convertng the IF signal
from the RF section 176 into a digital representation using the A/D converter 188, and then
implementing the QPSK using a known digital processing method. Demodulation preferably

25 uses symbol timing and carrier frequency recover and decision circuits which sample and decode
the symbols of the QPSK modulated signal into the baseband TDM bit stream.

The A/D converter 188 and QPSK demodulator 190 are preferably provided on a
channel recovery chip 187 for recovering the broadcast channel digital baseband signal from the
IF signals recovered by the RE/IF circuit board 176. The channel recovery circuit 187

30 comprises a TDM synchronizer and predictor module 192, a TDM demultiplexer 194, 2 PRC
synchronizer alignment and multiplexer 196, the operations of which will be described in further
detail in connection with Fig. 10. The TDM bit stream at the output of the QPSK demodulator
190 15 provided to a MFP synchronization cotrelator 200 in the TDM synchronizer and predictor
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14 Sof t wanppGgRs3ge Provided at a broadcast station 23 or, if nore than one
br oadcast statlon exists in the system 10, a regional broac!’@é"ﬂ“&’éﬁﬁol
facility (RBCF ) 238 (Fig. 12) to assign space segnent channel routing via
a mssion control center (MCC) 240, a satellite control center (SCC 236 and
a broadcast control center (BCC) 244. 2The software optim zes use of the
uplink 5 spectrum by assigning PRC carrier channels 110 wherever space is

avai | abheduln 1921eTH8 cmrlrdzmelzocgmmmes the tbltex:énhﬂ rereieedomtrsanictast sts:tedtpat;mnay

h t d t kb 1 t
1, RRERIERY BBy B bRy R, B e R GhR 6 £
| ocat i asagrch Hhdder At which G bedrdhes fsrnthe AlebirUNIFP ¢oafehition et hrithon& ﬁi&O&tﬁe of 48

carriers., Further, the RBCF using its and assign the PRCs
to non- m pgmm b@moer@pﬁwﬁ tﬁ@mpurd.ﬁ@c CQ!.’EY—%HEW@V% AEOPS! gucrrhe MCC
and 5S Pg@ﬁF éﬁ“s RLPR tdo! ﬁﬁaﬁ
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spaced mehwﬂwntﬂueemlmhéer&epmdam;kmeﬁﬁ 000 Hz facilitates processing

by the pol yphase. esso The s i labl e at the broagdcast .station
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i's, groups of 48 annel s. The princi pal
ock. If correlation is lost, the correlator enters a special predictor mode in which it conrinues to

7,

15 rerain synchronization by prediction of the arrival of the next correlation event. For short signal
dropouts (e.g,, for as many as ten seconds), the correlator can maintain sufficiently accurate
.synchronization to achieve virtually instantaneous recovery when the signal returns. Such rapid
recovery is advantageous because it is important for mobile reception conditions. If, after a
specified period, correlation is not reestablished, the correlator 200 returns to the search mode.

20 Upon synchronization to the MFP of the TDM frame, the TSCC can be recovered by the TDM
demultiplexer 194 (block 202 in Fig. 10). The TSCC contains information identfying the
program providers carried in the TDM frame and in which locations of the 96 PRCs each
‘program provider's channel can be found. Before any PRCs can be demultiplexed from the |
TDM frame, the portion of the TDM frame carrying the PRC symbols is preferably

25 descrambled. This is done by adding the same scrambling pattern at the receiver 29 that was
added to the PRC portion of the TDM frame bit stream on-board the satellite 25. This
scrambling pattern is synchronized by the TDM frame MFP.

‘The symbols of the PRCs are not grouped contiguously in the TDM frame, but are
spread over the frame. There are 2622 sets of symbols contained in the PRC portion of the

30 TDM frame. In each set, there is one symbol for each PRC in a position which is numbered in

ascending order from 1 to 96. Thus, all symbols belonging to PRC 1 are in the first position of

all 2622 sets. Symbols belonging to PRC 2 are in the second position of all 2622 sets, and so on,

as shown in block 204. This arrangement for numbering and locating W
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behi nd defrag of uplink carier frequency assignnments is not unlike .
known softvvarém?%@drjggrgam zing files on a conputer hard dri v SHYE¥23¥5er
time, have been saved in such a piece-neal nmanner as to be inefficient for
data storage. The BCC functions at the RBCF allows 25 the RBCF to renotely
noni tor and control broadcast stations ta3assure their operation within
assigned tol erances. Satellite Payl oad Processi ng The baseband recovery on
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pr ef er abl e r;})rl ses eig n-board baseband processors however onIy one
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to be understood t.hat |de£§| cal, corrpone&oépg &abl pro i.d d f or_each
of the ot h@erfemas by contralies cantained inph i Fgoded

upl i nk car r%gﬁ.%ﬁ 220 Zdc f L e hidtio entiBbE 'nﬁ@nﬁﬁo l&g@:‘ﬁt&( Hﬁ@%ﬂ 5@384

receiver 1 overa I nk capacity Is preferabl fween 2
PRC upl i nk sdémionewih alie PRCkinfmxmhcc(nwned th thedATSCGy andepgracts aridk reprdaresbor s

w11 b doserbdleal i PRGs B HE IDM et ot BALEE ¢ sl cotod and |

mul tiplexed for Wiafgdie tdblotd 1964 206, respectively, in Figs. 9 and 10, the symbols of each

| of the 2 PRCs (e.g., as indicated at 207) associated with a broadcast channel (e.g,, as indicated at
209) selected by the radio operator are remultiplexed into an FEC-coded broadcast channel (BC)
format. Before the remultiplexing is accomplished, the # PRCs of a broadcast channel are

15 realigned. Realignment is useful because reclocking of symbol timing encountered in
multiplexing, demultiplexing and on-board rate alignment in passage over the end-to-end link in
systemn 10 can imroduce a shift of as many as four symbols in the relative alignment of the
recovered PRC frames. Each of the » PRCs of a broadcast channel has a 48 symbol preamble,
followed by 8160 coded PRC symbols. To recombine these 7 PRCs into the broadcast channel,

20  synchronization is performed to the 47, 48 or 49 symbol header of each of the PRCs. The
length of the header depends on the timing alignment performed on the uplink PRCs on the
satellite 25. Synchronization is accomplished using a preamble correlator operating on the 47
most recently received symbols of the PRC header for each of the » PRCs. The preamble
correlator detects incidents of correlation and emits a single symbol durarion correlation spike.

25  Based on the relative time of occurrence of the correlation spikes for the 7 PRCs associated with
the broadcast channel, and operating in conjunction with alignment buffers having a width of
four symbols, the symbol content of the » PRCs can be precisely aligned and remultiplexed to
recover the FEC-coded broadcast channel. Remultiplexing of the 7z PRCs to reform the FEC-
coded broadcast channel preferably requires that the symbol spreading procedure used at the

30 broadcast station 23 for demultiplexing the FEC-coded broadcast channel into the PRCs be
performed in the reverse order, as indicated in blocks 206 and 208 of Fig, 10.

\\
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downl i-nk bw%] ﬁfpto a carrier of approximately 2.5 MHz bandw dth. 10
Each uplink annel can be routed to all, sone or none BETUSAS/ZRSHNI | nk
beans 27. The order and placenent of PRCs in a downlink beamis '
programuabl e and sel ectable froma telenetry, range and control (MRC
facility 24 (Fig. 1). Each pol yphase daiul tipl exer and denodul ator 122
receives the individual FDVA uplink signals in groups of 48 contiguous
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downki Nkoded broadcast channel 232 (block 208). Due to on-board clock 152 rate alignment, the length
of the PRC header may be 47, 48 or 49 symbols long. This variation is eliminated in the
correlator 226 by using only the last 47 symbols 10 arrive to detect the correlation event. These

47 symbols are specially selected to yield optimum correlation detection, |
With reference to block 198 and 210 of Figs. 9 and 10 respectively, the FEC-coded
20  broadcast channel is subsequently provided to the FEC processing module 210. Most of the
errors encountered in transmission between the location of the coders and the decoders is
corrected by FEC processing. FEC processing preferably employs a Viterbi Trellis Decoder,
followed by deinterleaving and then a Reed Solomon decoder. FEC processing recovers the
original broadcast channel comprising 7 x 16 kbps channel increments and its 7 x 224 bit SCH
25 (block 212).
The 7 x 16 kbps segment of the broadcast channel is provided to a decoder such as
MPEG 2.5 Layer 3 source decoder 214 for conversion back to audio signals. Thus, recetver
processing is available using a low cost radio for broadcast channel reception from satellites.
Since the transmissions of the broadcast programs via satellites 25 is digital, a number of other
30  services are supported by the system 10 which are also expressed in digital format., As stated
previously, the SCH contained in the broadcast channels provides a control channel for a wide
variety of future service options. Thus, chip sets can be produced to implement these service
options by making the entire TDM bit stream and its raw d@w format, the

T
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frequency | oc Msing nodul e 130, anplified by a TWTA in nodule 132 and
tragsmt%/ed t?ﬂoﬁgﬁﬁs the beams. To a radio receiver 29, the TOUWUSS¥AEPS
appear identical whether they.are fromthe on-board processi ng payl oad

i ndi cated at 121 or the transparent payl oad indicated at 16 133. The
carrier frequency |locations of each typeznf payload 121 and 133 are spaced
on separate grids of 920 kHz spacing which are interlaced between one

anot her i ndemukiiplered SE5Q@ ifermasion thia; ardheheceecovessd troarataromeedobroadaastxchafinel

[ |s f f 21 60 kHz 5
The on- bofﬁﬁ%%m%%g N e R R T S
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carriers, each o e5|gnate ref erence nuneral 136, are

assi gned tSCfgrqimlptsbmdm obmmhéios eogwa@qm usBg the rasimeeiver 29 ig. ‘aceprélance

frequerc CHR GBS HRRER yeaictk b T 8 ol EPuil Bl bel SBHAERY ., o
of the polmsthmmeo thdibaatiohs of SFP sorrEigionespiltes &ataﬁldchirECyZEE Lotk fspmnbéll for 288

uplink PRG-S F carriers can, be rec ed.fr unber af brogadcast
stations 2‘3‘“‘3& %Wéé%“ﬂ’e?ﬁﬁ?ﬂspléxg?@g Pg heving 3, shor ume

therefore LORY ?cﬁ]fe%
SCPC/ FDVA aﬁg‘?&% carri ??% f%np%g cor?\(?ggpg&gﬁ[ﬁ@{efa#}’% rel%ih %gﬁp%
carniers, arlgfortahiangd-held radio 9te PRCs in 96 tine slots. 15 The

288 c rlers are received by an uplink gl obal beam antenna 118 and each
group of 48

Svstem for Managing Satellite and Broadcast Stations

As stated previously, the system 10 can comprise one or a plurality of satellites 25. Fig. 12
depicts three satellites 25a, 25b and 25¢ for illustrative purposes. A system 10 having several
satellites preferably comprises a plurality of TCR stations 242, 24b, 24c, 24d and 24e located sich

15 that each satellite 252, 25b and 25¢ is in line of sight of two TCR stations, The TCR stations
referred to generally with reference numeral 24 are controlled by a regional broadcast control
facility (RBCF) 238a, 238b or 238¢c. Each RBCF 2382, 238b and 238¢ comprises a satellite
control center (SCC) 2362, 236b and 236¢, 2 mission control center (MCC) 240a, 240b and 240c,
and a broadcast control center (BCC) 2442, 244b and 244c, respectively. Each SCC controls the
20  satellite bus and the communications payload and is where a space segment command and
control compurer and manpower resources are located. The facility is preferably manned 24
hours a day by a number of technicians trained in in-orbit satellite command and control. The
SCCs 2362, 236b and 236¢c monitor the on-board components and essentially operate the
corresponding satellite 25a, 25b and 25¢. Each TCR station 24 is preferably connected directly

25 toa corresponding SCC 236a, 236b or 236¢ by full-time, dual redundant PSTN circuits.

In each of the regions serviced by the satellites 252, 25b and 25c, the corresponding
RBCF 238a, 238b and 238c¢ reserves- broadcast channels for audio, data, video image services,
assigns space segment channel routing via the mission control center (MCC) 240a, 240b, 240c,
validares the delivery of the service, which is information required to bill a broadcast service

30  provider, and bills the service provider.

Each MCC is configured to program the assignment of the space segment channels
comprising uplink PRC frequency and downlink PRC TDM slot assignments. Each MCC

performs both dynamic and static control. Dynamic control involves controlling time windows
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channel s i gyd gnhcy converted to an internediate frequency () which is
then filtered 10 select a frequency band occupi ed by that pRETUSI8/ZIS9gr oup
138. This processing takes places in the receiver 120. The filtered signal
is then supplied to an analog-to-digital (A/D) converter 140 before being
supplied as an input to a pol phase deggl tipl exer 144. The demul ti pl exer 144
20 separates the 48 SCPC/ FDVA channels 138 into a tinme division
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146 wil | a?;r ei nafter be referred to as ?qy_derrul,tl,pl exer/ denpdul ator (D D)

148. TrRoam mwisg svisthe 17240 is semb EpthesK&aifar srangmission va phecsateliityi The plansamol ogy
using t t | | t i lers
21, " IR St EEF o FE MRS Brofablh once BRI DR, e MEC' A, 726

di ?r‘i) t ?I dnﬂ%%MIaésmmbﬁmrdehmshnélml ; (‘ii[l)llf/fosignabcmveivegg%y thees_bandih%gﬁaﬁmbsj&tdm

S ol s. e recover carrie re .

o bBoq BARRG GRPRERL NI, 2A0a 42 aer o555 CEHtE. waans et ghaironfiestsgations s
108 appj_-giﬁgd&v%bkwgﬁm%ﬁngﬁaﬁcg@mt he channel distributors 82 and
98 in Fig. 3, at The broadcast station 23. The satellite 25 payl oad

preferably Caner(g@ 2449) 244biagi 244 monitors the broadcast earth stations 23 in its region for
proper operation within selected frequency, power and antenna pointing tolerances. The BCCs.

can also connect with corresponding broadcast stations to command malfunctioning stations
15  off-the-air. A central facility 246 is preferably provided for technical support services and back-
up operations for each of the SCCs.

Signaling Protocol
In accordance with a preferred embodiment of the present invention, information to be

20 broadcast to the radio receivers 29 is formatted into a waveform in accordance with a signaling
protocol which presents many advantages over existing broadcast systems. The processing of
information for broadcast transmission and reception is summarized in Fig. 13 which illustrates a
broadcast segment 250, a space segment 252 and a radio segment 254 of a satellite direct radio
broadcast system 10 constructed in accordance with a preferred embodiment of the present

25  invention. Both the service layer and the transport layer of the system 10 is described belo_W.

With regard to the broadcast segment 250, a number of steps in the formatting

procedure are similar to those described previously herein. For example, the demultplexing

(block 256) of encoded and interleaved broadcast channel bit streams and the addition of prime

rate channe] preambles (block 258) to generate the prime rate channels, which are transmitted via

30 frequency division multiplex uplinks to a satellite 25, is similar to the process described above in
connection with Figs. 3 and 4. The process of generating a bit stream from different service
components (e.g., service components 260 and 262) by adding a service control header (SCH)

264, scrambling the bit stream 266, and encoding the bit stream for forward error correction
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I mpl enent ed, 1 D/Ds 148. In addition, two spare D/Ds 148 are
provided in tﬂ%ds:%{zg?‘s?i te payload to replace any failed pr oces $CAG/SA#23585
Wth continued reference to Fig. 6, the processor 116 is progranmed in
accordance with 5 a software nodul e indicated at 150 to rerforma
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synbol s undesmpetieil TRe§eMiEd26128 combiiied iwitlo A SCRD 6L aNErestt 3 sefvi@Mayedifbi dlle
synbol of "0" value, followed by, 47 other synmbols. Wien the synbol” tines of
the uplink brosasest sggment. i The allasrioneef ssyvieeheonuponrnty deddsarviccoeompeentso§ aid: h

Synchr oni zeged) i Sk SEER SN i belioly Coeolc? by O L bkl b B st
PRC 110. Whimventon. aisi deseribed pbbvikin connection with Fig, 4, a broadcast channel bit stream
15 preferably has a frame period of 432 milliseconds. The SCH 102 in Fig, 4 has 7 x 224 bits, and
the service 104 comprises 7 x 6912 bits, for 2 total of 7 x7136 bits per frame 100. ‘The numeral 7
is the overall bit rate of the service divided by 16,000 bits per second (bps).
As stared previously, service components of a service 261 can carry audio service or

digital service. The service component bit rate is preferably divisible in muliples of 8000 bps
20 and is berween 8000 bps and 128,000 bps. When the sum of the bit rates of all of the service
components in the service 261 is lower than the bit rate of the service 261, the remaining bit rate
is filled with a padding service component. Thus, the padding service component bit rate 1s |

N,
nx 16,000 - [T ~(1) x 8000 in bps
25 iml
where 1 is the i* service component of a service including N, service components with 1> =i>

= N,., n()) is the bit rate of the i* service component divided by 8000 bps and 7 isthe service bit
rare divided by 16,000 bps.
With reference to Fig, 14, the service components and the padding service component, if
30  any, are preferably multiplexed within the 432 millisecond period of the frame 100. The portion
104 of the 432 millisecond frame period comprising the service 261, as opposed to the SCH 102,
is preferably divided into 432 data fields. Each field 270 is provided with preferably 8 bits from
each of the service components n(1), n(2) ... n(N,) and any padding service component n(p),
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synbol s ha%%/iﬁb ng that | ags behind the on-board clock 152 by one
synbol, a "0" is 25 added to the start of the PRC BEEHSMESH®I2 for
the PRC currently be| ng processed, yielding a length of 49 synbols. Wen
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st at ed ﬁlembymmﬂhylcmngﬂglserpwe cemgmdnta' and the padding edrwgencmnponmdulﬂ mylﬁvhxch
conprises the 30 m t iy red bhaseband two-hb s for each
recei vetPRYS Fﬁ%’ PRE® eaf(’q H&"F tﬂ"nhlf SW*@F%POWWSISPFEQ‘? @éps EFBIEy o
288 s ucﬁa@&r SaHedving Ut Gervice Roinpondh Dwihih el basadeseiratie iPadvatigdfus tiRnSi X
active grocessors 6 The gftlon i nvol vi rlg only one D/D 148 18 and one

rate al PUSHERIS eee Only MBS Q5 @, IR 478 GRAMPenanS i lgstins thesesuls b ed

th t th 1

funch i opat 8n 2y iRt up@eqﬁﬁéﬁg@%ﬁ‘% bRE AL LorhpdhcE s bR U | 2
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buf f er . MBEG A MHB@G Rdritgeer 3os verll- 43 savensionsofor lovs sampling Jregquencissn MBEGeL. 51t i on

spi kes e q Emg]‘ H?= 1 35“ bﬁﬁf Eng% Q 1? t.-he ead 112 to
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3 coding adds more spectrum resolution and entropy coding. The digital audio signals preferably
have a bit rate multiple of 8000 bps and can be berween 8000 and 128,000 bps. Possible

sampling frequencies for audio service components of the present invention are 48 kHz or 32
Kz as defined by MPEG 1, 24 kHz or 16 kEJz as defined by MPEG 2, or 12 K-z and 8 kFiz as
15 defined by MPEG 2.5, The sampling frequencies are preferably synchronized to the service
component bit rate. The framing of the MPEG encoder is synchronized to the SCEHL Thus, the
first bit of the audio service component within the broadcast channel frame 100 is the first bit of
the MPEG frame header.
~ Digital service components include other types of services which are not audio sérvices,
20 such as image, audio services which do not comply with the characteristics described above in
connection with audio service components sﬁbjected to MPEG encoding, paging, file transfer
data, among other digital data. Digital service components have bit rates of multiple of 8000 bps
and can be between 8000 and 128,000 bps. Digital service components are formarted such that
it is possible to access the service 261 using dara fields defined in the SCH. The SCH data fields
25 are described below in connection with Table 1. _
The SCH comprises four types of field groups, that is, a Service Preamble, Service
Control Data, Service Component Control Data and Auxiliary Services. In accordance with the
present invention, the content of the SCH comprises data as shown in Table 1. |

TABLE 1 - SERVICE CONTROL HEADER

Field Group Field Name Length Contents
(bit)
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The roles reverse from one

frane to the next 15 and cause continuous fl ow between input and out put of

t he buffer an | e WhERN to the buffer §49
or 151 to ich they ha pen ML \($g' é% @L?%%gl?ggfjﬁupq to fill the
buffer 149 OrFibﬁﬂGfbﬂ Il {the EgddNahRt i on| s ccurs. Wi tdongentshen st ops
and the input and outpuf switches 161 ahd J(ﬁgh vq tch to the reverse statg.
Thi s capt uf-es—ahR—tpthktRRCcf+are—so—thpt—i-t5—43-header—sy
t he 48 syMprrvx:bBtamblet h Servize Breamnbleef t inf i 20 ed POA74B Gex)t he out put end of
t he buffer‘d'n'd—r'hg'g—ﬁ 192 3 UISTT e TSt .8LQ0 St
contents o Bﬁfél %&%W nrefli at 8y re%#&?%ﬂmﬁﬁﬁreo
at the on- p&¥a cl ock rﬁil@RI)The nunber pf synbol s dg#re such that
the PRC hemder contai ns|{{BRI=48) or 49 syfbols. A ['@P0Lkikbessymbol is renpyed
or added af the start of the PRC header|to make this adjustnent. The heagler
| ength 112fis controlled by a signal cofing fron $000r ynmbol counter [59
which 25 fcounts the nynmber of on-board clock rp1091syitioResetved forfukdre f al |
in a PRC fljane period t¢ determ ne the header Iengrg&‘(RFBye p| ng- pong actipn
al t er nat es jHhe—+otes—ef+ihe—bufers: pet-Ferrrthe—eount—the—frare
correl ati ofy Seqvick Eonwani h@ntrymlt@mmbhff br cdr r el p@®Psnoi@ErypEen PRC f r ames
fill the b{ifJaxs 149 ang 151, are snoothed by a s§93tstwkee oscill at or
(SPC) 157. {The snoot hed|sync pul ses are{used to [coi10:iESheommobkey, of synbol
epochs perjfrane. The 30 ~ nunber will be 8207, BstibEcrptioS péddi AT sk IANQ
whedter the PRC header should be 47, 48|or 49 syhélalibe bsedg, respectively
This inforfmation causes|the proper nunber of synpbgdi: K1, iRon key,
subscription period B (UC set B
shall be used)
0100: ES1, broadcast channel
specific key for subscription period
A (UC set A shall be used)
0101: ES1, broadcast channel
specific key for subscription period
B (UC set B shall be used)
else: RFU
Service Control | Aumiliary Field 5 00(hex): not used or not known
Dara Content Indicaror 1 01(hex): 16 bit encryption key
(ACI) selector
02(hex): RDS PI code
03(hex): Associated Broadcast
Channel reference (PS Flag and
ASP)
04(hex) to 1F(hex); RFU
Service Control | Auxiliary Field 7 00(hex): not used or not known
Dara Content Indicator 2 01(hex): 64 bit encryption key
{ACDD) selector
02(hex): service label; ISO-Latin 1
based sequence
03(hex) to 7F(hex): RFU
Service Control | Number of Service 3 000: One Service Component
Data Components (N,) 001: Two Service Components

111: Eight Service Components
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f.romthe f Bgiuéggfers to mai ntain synbol flow synchronouslpy wi th the .
on- board ctocC d i ndependently of earth terninal origin PCTMUS9/8359% he
rate differences anticipated over the system 10, the run tinmes between
preanbl e 112 nodifications are relatively long. For instance, clock rate
differences of 10° will elicit PRC presmnble corrections on the average of
one every 123 PRC franes. The resulting rate adjustnents cause the synbol

rates e £ ﬁr_ @é@" 0 the on-Dboarl

clock 152, This allows T L g I ynbols to the proper
| 'ocat i bnSEiel) @rohpM f|F 2aMeF;liNgany NChriont zgeh PRCs are i ndiog@h@d generally at
154 inFig. 6. The ¢n-board routing |and i tdhing of these PRCs 154 ipto
TDM f r paes—will—nowlbe descri-bed—wi-th~rei-ti-eHee—t-0-—ti-gr—_8——tmi-gr—_—
i 11 ust || Steive EBfirglr 0¢ enadliny Maya Fieldilngl e V6D 14Darshielid) varh aneenedefined by s
;:-;.::,,- 10 th¢ (aDREY five actijve D/Ds gqnAQHard the satellite. The
ﬂ.lla;; 1] fr-ormreacth—of 'tilt ~sTx1DFDs— 148 Ttravi Ty been ayllL.IIIJ ot Lcd and
Sexyise Gomtrel 3 | ATPF2mubtiframam havi ngla sy|rsarst pegmentsf thgmulnfrgmeof whi ch
$xp3 000 synbqlSsarplag $BLond for each DV|Drooguuldimmeerial streanffrom
each DD 148 can be [denul tipl exed into 48 par|d): instrmedi@esegramnsf thavi ngj r at es
of 19, 1{}9 synbol s pgr second, as shown in Fi d. mikiftfihe aggregate of thg PRC

oL o

f—corm g fromatt Tt s—1A8—omh ﬁ:ﬂ Lte satettTte—25—1% 288,
with edSrrvseSonuel ceﬁ%ﬁ%&my syl s &tr eqnfg. Thblg Segame8t her ef or b have
epochs | &atperi ods off ad Lenmbieldeconds whi ch GMCW¢Mmb€r0f .

(SOLF) segments of the multiframe minus
L '
0000: one segment multiframe (or
no multframe)
0001: two segments multiframe
1111: 16 segments multiframe
If SF = 0 (intermediate segment);
SOLF contains the segment offset.
SOLF values are 1,2 ..., total
number of segments of the
multiframe -1.
Service Control | Auxiliary Data Field 2 64 | Dara field, contents defined by
Data (ADF2) ACD -
Service Service Component N, *32 | Each service component has a
Component Control Field (SCCF) SCCEF,; see Table 3 for SCCF
Control Data : content .
Auxiliary Service Dynamic labels variable: 2 | Byte stream
| *224 128
N _*32

The Service Preamble is preferably 20 bits long and is selected to have good
synchronization qualities during, for example, implementation of auto-correlation techniques. As

5  shownin Table 1, the Service Preamble is preferably 0474B hexadecimal. The SCH also comprises
a bit rate index (BRI), which is preferably 4 bits in length and indicates the service bit rate divided by
kilobits per second. For example, “000” can be used to indicate that no valid data (e.g., padding
data that is to be ignored) is being transmitted in the current frame. A “0001” can be used to
indicate a BRI of 16 kbps, whereas “100(B)” can indicate a BRI of 128 kbps. Accordingly, the BRI
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52. 63 m crosegayslimedsy ation. As shown in Fig. 8, 288 synbols %ﬁ"‘? esent at ..
the outpus of the six D/Ds 148a, 148b, 148c, 148d, 148e and 1 F’z?-ﬁ?éry
upl i nk PRC synmbol epoch. Once each PRC synbol epoch, 20 288 synbol val ues
are witten into a switching.:-and routing nmenory 156. The contents of the
buf fer 156 are read into three downlink JIDM frane assenblers 160, 162 and

164. Using a routing and sw tching conponent designated as 172, the
cont ent s ahdicaesthe mumber G315,008 Mixrper kesotd comporent whidhdcdmpase a ogoadifasp 62@nelet s

T6a. i "o IR0t 12 36T e o COEOTA BARL B SO AR R EPELEHOR or

138 ms. THsit ssled cindbeensed 1d fdlicte 2Bt 4ol énclypelorewas asedas die dighahninfdimatiod 8 then

of .a synbol . ,The routing swit¢ch and nodul ator 124 conprises a  pi.ng-pong
memor y corﬁﬂ@r@ﬂpﬁﬁokﬁdmé @mcgmspoaémamﬁaﬁﬁflc R Qthar dpifumarg vajuess 6.

and 156b, ' . ' P i.nq) l.ad
2o i npor 1 SE PRI ihfiad Whie S Bt Qe oFEy bR R o tnchi B B
occur at adarat €ominch%epdCanshentmpleyeddor amrypmidn,casrwalicisespedific kdye famereagpritlg a
clock 152 30. timng. The PRC synbols are witten in parallel at the 19, 000
Hz cl ock rwjaﬁg@%cgﬂg‘ﬂtions in the ping-pong nenory 156a or 156b
serving as the jniRkdrdantt with8n 3E® of res%&einmﬁ&uhém'zﬂgpﬁﬁbég%vﬂ%%

156b or 156a, respect I s readindg the synbols stored _in the previous

frame int ot avelbatyrdata %ﬁl}@sd an auxilpasy feld gontenss irglicaror (AGTH/mp .agqm ia§ewé]mt er
o e B S o g SRS ABePlad e e

change from broadcast frame 100 to broadcast frame 100 at the service provider’s discretion. The

ACI1 contents are preferably an encryption key selector, a standardized radio dara system or RDS

code (e.g., a RDS PI code) and data for referencing associated broadcast channels.
For encryption applications, two different keys can be employed, that is, a key having a
15 length of 16 bits for minor security and another key having a length of 64 bits for higher security.
Depending on which key is indicated in the ACI1, the actual 16-bit key is transported in the ADF1
field, while the actual 64-bit key is transported in another awxiliary data field described below and
referred to as “ADF2”. Use of the 16-bit key or the 64-bit key is selected by the service provider. It
is possible to change the key’s bit length from broadcast channel frame 100 to broadcast channel
20 frame 100, as desired by the service provider. The key selector in the ACI1 field can be, for
example, an over-the-air code of a decryption key consisting of three parts: a user code for
individualizing the user of the service, 2 hardware code for uniquely identifying the radio and an
over-the-air code or key selector (KS). Decryption of an encrypted service is therefore only possible
when all three co-parts are used together. The radio data system code (e.g., RDS PI code) is
25 currently used for frequency modulation or FM broadcastng, To prepare for simulcast of a
program over FM airway frequencies, the RDS PI code is provided in the ADF1 field by the service

provider.

In accordance with an aspect of the present invention, a setvice 261 in a broadcast channel
can be designated as a primary service of a mult-broadcast channel service. Accordingly, the
30 effective bandwidth of a service 261 can be expanded by using the bandwidth of secondary services
associated with the primary service. Together with the primary service, other broadcast channels

carry the associated secondary services which can generally be received only by properly equipped
radio receivers 29 (i.e., receivers equipped with more than one channel recovery device). The ADF1
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Rout i ng of ols to their assigned beamis controlled by a synbol
routing sv&végﬁzﬁ?ggb This switch can route a synmbol to any &RE/USPER3ISEF t hree
of the TDM streans. Each TDM stream occurs at a rate of 1.84 Msnm's. The"
out put menory is clocked for an interval of 136.8 5 ms and pauses for 1.2
ms to allow insertion of the 96 synbol32MFP and 2112 synbol TSCC. Note that
for every synbol that is read into nore than one TDM stream there is an

of f - set field & proti it ivfoPRationhwrdissinguishchetweenpoimarysand secoddarg sexticgsp dthis datae
Vi 2 Do PR Ao PRy APty DR ST (s AL ARen sevies Brme ASHY g

via the
8, setsfigll, The PoHhelis R0&S £1(Bp e ﬂ?@;&?ﬁé&élﬁﬂﬂﬁ@ﬁﬁﬁ@@@@Bﬂéﬁéﬂéd n
ynbols (i,e., the ith synbols) Tor all

each TDM_ frane. The correspondi ng ;
96 upl | pROARGErvice.and isxeproch Q(Bhwhensthe iservice 26118 met ADMMAY serwice| b other words,

W _ _
cach TORFEaR i edh Bkt b bai36tpolocr MIBJRAOANE, The EYTEbGS,C ©

each TL are sc
entire tiAASP asindiparedin Tableddi tion, a 1.2 ns epoch is appended at the start

of each TDMfrane to insert a master frame preanble (MFP) of 96 synbols and

a 15 TSCC of 2112 synbols, as indicated at 168 and 170, respectively. The
sum of =2t rirmEr s U raci Car Ty I 1 g0 Sy oS mﬂfﬂ‘ﬂor
the MFH and TSCC is 253, 9”563@%&@%54\3 OO, ,,‘D.bsul ting in a downlii nk
synbol jate of ,1.84 Msynls. khe routy ng 044 he PRC|synbol s-between t he
out put sfaf _t hpAé?IW 148A,1 1488 fff%[‘h (b‘lt‘E’LRD 148FE and. B%%’Ee"és d-the
I nput s I NicttilRedTDM frane assernbl ers 160, 4162 and 164 gpgo 20 control |l edjby
an on-b ' ' fe—tHHt—t 12— whch—stor¢s—hstruetenrs—sertt 0
it over Bﬁmmdnmﬁlagi?fﬁ? tlhe SCC 2381(Fig. 12) {dopumanr cgmponeht Eac
synbol [pFlagi nating from a sel{ected upl'i nk PRC synb¢l0: Nbr pammryan be routjed
to a ti STOU I & DV frane to be tragnsmttred T eI e pestTmatijon
beam 27 ?aFFétsﬁB’éFeégWuti g i s independent of th@go(.ge’s‘N° to other
(A service
- else: Broadcast Channel
Identifier of associated
service (Refer to Time Slot
Contro] Channel)
Thus, the PS flag in the ADF1 of a SCH can be O(B) if the service 261 is the component of a
10 secondary service, or there are currently no primary and secondary services being transmitted, When
a broadcast channel comprises a primaty service, the ASP in the ADF1 field of the SCH of the
frames 100 in the broadcast channel is provided with a broadcast channel idemifier (BCID) of a
secondary service. The BCID is described in further detail below. The ASP field in the ADF1 field
of the SCH comprising the secondary service is provided with the BCID of the next secondary
15 service, if more than two secondary services are associated with the primary service. The ASP is
otherwise provide with the BCID of the primary service. Further, the PS flag in the ADF1 field of
the SCHs of the frames 100 of other broadcast channels which comprise components of the
secondary services is set to O(B). The primary and secondary channels can be received by radio
receivers 29 which are equipped with more than one channel recovery device. For example, these
20  radio receivers can playback an audio program received on a first channel and a relared video

program received on another channel. .
In accordance with another aspect of the present invention, another auxiliary data field
referred to hereinafter as ADF2 and an auxiliary field content indicator for the ADF2, hereinafter
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rel at'i onshi ps yasgboMpsgs the time of occurrence of synbols in varjqus uBI I nk
PRCs and the 25 occurrence of synbols in the downlink TDM strLNY823595 <
reduces the conplexity of the satellite 25 payload. Further, a synbol
originating froma selected uplink PRC can be routed to two or three
destination beans via the switch 158. Rad#o Receiver Operation 30 A
radio receiver 29 for use in the system 10 wll now be described with

reference tuefeledito 8 theTAGLy iagiavided tnshe SCHA02 inosagh fraree 108pf easingls breadeaseehegng

section 176 having an.antenpa. 178 {o '

ecept | on, RiReERErR G LrEEe) oo e ADFD R, G hisua ity M 100, The
B o R nl & &7t 1Y LnG, Lho. T oCo e o anal T
amplifier i ch is, capabl e a yi.ng the receive signal .wt
mi ni mum selframas: R ACH o refm&mgfﬁgﬁmfﬁgnﬁ\aeép?éﬁe%@ AR eys Kt
may co from: ViC ' t gm? | p{\;élq IRk

29. A ﬁxerwr{gow e%fctﬁg gavm%l%%n\?gst t g&ir“qelg)el dv{ggde?:’??l?mto g%el,
i nt er medi atsach aseIeemgrionl Seindardls Rdrgpmizatiorf labelriegg as anASOHLariarl-Baget Seqtiance)s Thhe
desired T rier.5 bandw,dt h framt he t put, . of ) 182 and a

| ocal osc P:\@? é F°1§m%§?%21?% @%@%EME%%%"&Q Lﬁ‘%ﬁ ﬁ%&ﬁfﬂﬁmﬁd mn
frequenci esyibRederhelsy idoraRrbR VI dndfid @ fdashirsadlus siehab “170if HHRAIUED éhpridbs thBe

IF filter. The TDM carriers are |ocated on_center freguencies spaced on a

grid havi ndfiricegman of e putiramersequensee PrerfAFAHER 1507t tohd "4 o eamplsy toBdicarg thas

oD O 7 Sy ol e PR LARERE LUBERS 6oL FhBlS B Tl Kot &
preferably 4 bits in length to indicate which of a total number of muluframe segments is presently
provided in the ADF2 field. The SOLF can serve as an up-counter to indicate which of the total
number of multiframe segments is currently being transmitted in the ADF2. The second auxiliary
data field ADF?2 1s useful, for example, to wansmit text messages along with the radio broadcast.
15 The text messages can be displayed on a display device at the radio recetvers 29,

With continued reference to Table 1, the service control header is also provided with
information to conwol the reception of the individual service components within a broadcast
channel frame at the radio receivers 29. The SCH is provided with a Number of Service
Components (N,) field to indicate the number of service components (e.g., service components

20 260 and 262 in Fig, 13) which constitute the service portion 104 (Fig. 4) of a bit stream frame

100 generated ar a broadcast station 23. The number of service components N, is preferably

represented in the SCH using 3 bits, Accordingly, in accordance with the preferred embodiment,
a frame can have as many as eight service components. The padding bits, that is, the padding
service component is preferably not included in the Ny parameter in the SCEHL The SCH is
25  further provided with a Service Component Control Field, hereinafter referred to as the SCCF,
which comprises data for each component in the SCH. The SCCF is preferably Ny x 32 bits in
length for each SCH. As stated above in connection with Fig. 14, each broadcast channel frame
100 can comprise two or more service components which are multiplexed in each of a plurality
of data fields 270. With reference to Table 3, the SCCF comprises data for each service
30 component in the SCH to facilitate the demuluplexing of the service components by the radio
receivers 29. In other words, the SCH comprises a SOCF for each service component. In
accordance with the present embodiment, the SCCF is the only part of the SCH thar is specific

to each service component.
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1: encrypted service component.
Note: If Encryption Control = 0, the encryption flag shall
be ignored

Program type

15

Type of music, speech, etc.

Language

Service component language

As shown in Table 3, each SCCF comprises a 4-bit service component or SC length field

to indicate the bit rate of the service component divided by 8000 bps. For example, "0000(B)"
can represent a SC length of 1 x 8000 bps, while "1111(B)" can represent a SC length of 16 x

8000 bps or 128,000 bps. The SC length field is important for demultiplexing at the radio

recetvers 29 since, without knowledge of the service component rate, the radio receivers 29 have

no other means besides the size of the data fields 270 (Fig. 14) for determining where service
components are located throughout 2 frame 100. Another field provided in each 32-bit SCCF is

10

of service component. For example,
service portion 104 of a frame 100 which is MPEG-coded audio. Other binary numbers can be
used in the SC Type field to indicate a service component as being a JPEG-coded picture, low
bit rate video (e.g., CCITT H.263 standard video), invalid data (i.e., data that should be ignored

15

the SC Type field which is also preferably 4 bits in length. The SC Type field identifies the type

a "0001(B)" can represent a service component in the

by the receivers 29) or other type of audio or data service. A 1-bit encryption flag is provided in

the SCCF to indicate whether or not a particular service component has been encrypted. The

SCCF for each service component is also provided with a Program Type field comprising bits
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detai-l in conggide S%V\nth Fig. 10. The TDM bit streamat the outg{st8 of the _
QPSK denodul at or Is provided to a MFP synchroni zati on cor PETASIE2358D i n

t he TDM synchroni zer and predictor 22 nodul e 192. The correl ator 200 '
conpares the bits of the receirved streamto a stored pattern. Wen no
signal has previously been present at thessreceiver, the correlator 200
first enters a search node in which it searches for the desired MP

correl ati oﬁonoh]hﬁﬁﬁymg\mh& Hpetof program ne whichi thg senvicapemponeat belongsaanda Iapg:hdged
to its out Whep, t correltor.di scover correlation 5 nt, i
enters a n@’g Hathee b’e‘ﬁghég“a&e H‘F@‘:ﬁmﬁeﬂmﬁf’“’lwmdd‘ﬁecg Ef

correl ati Of&a&seiglmcd r 2RArhlk, A& spée Eh, 3deai5RE 83r IRRN&Y SIYdu@E Ghd Serdiga Bmon%

within the pr tlne gatee the tine gatin proceSS|srepeate

I f correl atokhess. a’&meucguﬁmes whxdebamhswmf alecholicanusethedrogramoFype figdyodlock the

o tviar 8.~ PHEPUh ol BRPTAB cHTOBEa HANEURd B2 4R BORGRE 3l 28 by

correl ati Ofprésg’i\ﬁnﬂ@%]x@@e&\tﬁ'ﬂ&%ﬁ rdmeadl:ast damhawﬁyapmaﬂerprogmﬁafypeﬁﬁﬂwde

time franes to reach the sy chr ation_threshol.d, the correlator
continues to sedR@pcordance %‘h%ﬁletPé‘T‘sﬁm IneERHPR ﬁﬁc‘{* {with reference to

synchroni z - Jeletols t e
X i oh | E?Em??‘éﬁ%?in%%‘ﬁﬁsﬁ?&&ﬁ%% e R i
synchr oni zahamnné cse:knce chmponml (agi compendnos 260 o 262)r Tht ataveformt andssignaling

speci al pred | Cct ' ich it continues i n_sy chr |zat|on

by pr edP ot (PERIOGA ofiree  Breschy Hiveiion i aSPAAEOO S TPE R ZHPBR G Aatpns LErete e Evides

signal dr omytt?meﬁu&d frdiR I diffFer¥EiRYadR St (sBRoRE 2P &) not be sﬁ@mroalzea Q5 th@Rame
mai ntai n sufficient accurate
single bit rate reference because each PRC is provided with a header which allows rate alignment

_)

on-board the satellite 25. Thus, the broadcast stations 23 are less complicated and less expensive
because they need not be equipped with the ability to synchronize to a single reference source.
15 The bits of each of the service components are multiplexed, that is, interleaved across an entire
frame 100 to spread the service components over the entire frame 1C0. Thus, if a burst error
occurs, for example, only a small portion of the service components are lost.
As stated previously, the SCH comprises four different types of field groups, three of
which have been previously described. The auxiliary service-type field group comprises a
20 dynamic label byte stream of variable length. The length of the dynamic label byte stream is
preferably 7 x 224-128-N,, x 32. The dynamic label byte stream is a serial byte stream used for
transmitting auxiliary information. The dynamic labels can comprise text or radio screens and
represent a general purpose serial byte stream. In other words, 2 dynamic label byte occurs over
the entire broadcast channel, as opposed to being tuned to a particular service. For example, the
25  dynamic label byte stream can transmit a menu of services for display on a screen at the radio
receivers 29. Thus, the dynamic label byte stream represents another method in accordance with
the present invention to communicate with a radio receiver outside the service portion 104 of
each broadcast frame 100, along with the auxiliary data fields ADF1 and ADF2 described above.
Fig. 15 provides a more detailed illustration of the components 261, 264, 265 and 266
30  provided in the service layer of the broadcast segment 250 depicted in Fig. 13, As shown in Fig.
15, a broadcast channel consists of one or more service components indicated generally at 272
which are combined, as indicated at 274. Selected service components can be encrypted, as
indicated at 276, before a SCH 278 is appended to the service information. As described in
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synchr-oni dehﬁﬁ 618 achieve virtually instantaneous recovery when the signal
returns. Suchrapid recovery is advantageous because it is T%ﬁ?%ﬁ%for
nobi |l e reception conditions. If, after a specified period, correlation is
not reestablished, the correlator 200 returns to the search node. 20 Upon
synchroni zation to the MFP of the TDM & ane, the TSCC can be recovered by
the TDM demul ti pl exer 194 (bl ock 202 in Fig. 10). The TSCC cont ai ns

i nf or matommectice sidhf Tablg 1f e BCHy2Z8compmisesiar serviog pr&ambimzsme TH) 8CHr 278 and

n which | ocations of the 96 P ogr a r'.,s channe an
ountl < BomBries s RO SETRLA 252 e P SCE B fotain 106 SRRt 1| on
of the TIMcE camBoRediy Withid al fifndNd thy EBIRice cbﬁlpaha{z%ﬂabyﬁa’& or sdz}t rsurEed.

This is done by addi ng the same scrambling pattern at the receiver 29 that:
was addeentrel datac284rzenerally indndesithe AGHmlds eompnisng the BRI and eactyptien compeol.

e Ly e B 2SRy At ks 78 AR LA oM Sl U N8P [P

are spr eﬁdm aridwheik assoviated fielde AGHE aﬁdsmz,e:tespemﬁveby adwklb as:thetseamﬂﬁg amd t he

cach’ PROCEF Grssaimingyo i s i AT ORI E5teh dPhgs0 FoBpRIc HA e

Thus,  alijhep L-x?a?@'a%ﬂbﬁgmt the’SCHL aTRe ! Sdriisds pge! rbﬂHeO:Fxrﬁ-li @622
sets. Synbol § bel ongin PRC 2 are in the se ond p05|t| 6
sets, andmunmye satdm/\recmerbmcskvezdiranmvsx tchérme mndoéxemge and

3 R Bl 0, O, S 1 i it il £
case Wlth the auxiliary data field ADF1, and across the entire broadcast channel, as is the case of -
the dynamic label byte streams. The service information and the appended SCH is subsequently
scrambled, as indicated by 288. _

A pseudorandom sequence (PRS) generator or scrambler 290, such as that shown in Fig.

15 16, is preferably used to randomize the data of a broadcast channel. The scrambler 290 is
preferably used even when a service is encrypted. The scrambler produces a pseudorandom
sequence thar is bit-per-bit modulo 2 added to the broadcast channel frame sequence. The
pseudorandom sequence preferably has a generated polynomial X + X* + 1. The pseudorandom
sequence is initialized ar each frame 100 with the value 111111111 (binary) which is applied to the

20  first bit of a frame 100. Thus, the scrambler 290 generates a reproducible random.bit stream

which is added to the broadcast bit stream at the broadcast stations 23 in order to scramble or
break-up strings of bits having a pattern of 1s or Os which can cause demodulation at 2 radio
receiver 29 to fail. The same reproducible random bit stream is added a second time at the radio |
receivers 29 to essentially subtract the bit stream from the received data. |
25 With reference to Fig. 13, the transport layer of the radio segment 254 which is required
to extract symbols from received TDM data streams, as indicated at 292 and 294, and to
recombine symbols into their respective broadcast channels, as indicated at 296, is described
above in connection with Fig. 10, With regard to the service layer of the radio segment 254 (Fig.
13), the service components from the service portion 104 of a frame 100 and the .SCH 102 will
30  now be described in connection with Fig. 17. _
| The bit stream comprising multiple frames 100 is de-scrambled using a modulo 2
scrambler 29 as described above in connection with Fig. 16 to subtract the pseudorandom

sequence from the incoming bit stream, as indicated at 298. The service control header 278 is
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for perform ngrd sieseh t Ching and routing on-board the satel "fﬂ?@% for
denmultiplexing in the receiver. As shown in Fig. 9, the TSCC i 8398 d

fromthe TDM denul ti pl exer 194 and provided to the controller 220 at the
receiver 29 to recover the n:PRCs for a particul ar broadcast 5 channel .
The synbols of the n PRCsssociated with t¥at broadcast channel are
extracted fromthe unscranbled TDM frame tine slot |ocations i dent|f| ed | n
t he TSCC. mm ipeDY mwmpsiemu@rqfshowean@mmpow theowiess enseyred ath

radi o and | d| cat : r

accepts a % % &¢ '%!; q%(ﬁméé/i 2?0?? ﬁg}%mﬁiﬁeo‘g‘%‘d‘goqgaggg? Mréa%lls
and T eo 3"‘”@“"%‘“%‘3“““%"‘“"*@@ o he Ca. L1 ot b TOVEL T ae {6 Foat or'e (e
an reorerste ol.s of the rom-t r re.the
n PRCs. W tih %geielte#%%fwrmm‘gd@m seleryvelp gon %&Pﬁ%@?ﬁ}g %WB oteRd
10, thesgsy @gﬁé&,—g fj}ﬂja .
associ at ed w a brogg%:astmhanng .,cogg%fn |ca§§§j§§'}1§§89 Jas% ectee)g by
the radio (fmtaabams, arr even emd serptecmnpqmnﬂosnwiez@ompdamtthwadGasﬂarlyhammice

BC) format. Before her nmul tiple cco d, en of
E)r o?atdcast FRaViRE cagy eca‘?’ﬁt%l% é ﬁr@s f}?élu@cb@?sémd their
recl ocki ng gfregisaliak a§§08'h1'é6 fﬁl&qp@tﬁwﬂfdﬂhMFwﬁw AGD2, dFmHd SOLBXigRghand

on-board rate aI [ gnrrent i n passage over the end-t o-end Iink in system 10
can i nt r odytieF2). ok faredpremoushnihe assodiasion of rpstnary breadesst seavies Wisk one oy maset

of the rec r S
a 48 s y1 Ebo%g%r %ﬁg&{s@ﬁﬁces E ﬁﬁt}e %%%mgﬁg&(:&fs y nbtp{ Gﬁ% r e%%ﬂﬁ%ﬁrﬁg
t hese n PRGsqientes ofhﬁorhfaueﬂnaﬁgthelﬁalﬂmdDFz,ﬁﬂaddmmmbemypmmOomrols per f or med
to the 47, 48 or,49 synbol heafi f ach of thg gRCs The Ie th of the

header depends oretFRSPITHiEr & drb% 50 St FRPOSTH F‘h PERCR 1ERe

satel | ite ZascrBYdghveth 28hreliod %uﬁ?fgorml wm%@ bS#iSGssdRA %amlcﬁo&%dﬁhg

operating on the 47 most recently received synbols of t he PRC header
each of thél’he; trapRyest. layen of pireckriotdcast segment 250 preferably comprises an outer transport layer

15 306, a communications lines transport layer 308 and an inner transport layer 310. The outer

transport layer 306 can be located remotely with respect to the inner transport layer 310. The

communications lines transport layer 308 includes all functionalities necessary for transmission

over communication lines. Within the transport layer, a broadcast channel is preferably encoded

for forward error correcion (FEC) using concatenated Reed-Solomon encoding and

20  interleaving, as indicated generally at 312 and 314, prior to being demultiplexed into primary

channels having a service rate equivalent to 16 kilobits per second. Accordingly, the FEC-

encoded broadcast channel is transmitted as a protected broadcast channel between the outer
transport layer 306 and the inner wansport layer 310, as shown in Fig, 18.

Fig, 19 illustrates the bit stream processed by the outer transport layer 306, as well as the

25 bit stream processed by the inner transport layer 310. The broadcast channel 316 and the prime

rate channels 318 are preferably derived from the same clock reference. Further Reed-Solomon

encoding and interleaving are preferably synchronized with the SCFL The prime rate channels of

a broadcast channel are preferably time synchronized such that the location of the service

preamble described above in connection with Table 1 is referred to as the prime rate channel

30  preamble, as illustrated in Fig, 4.
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correl ar o,rWQ%}?&;ﬁ incidents of correlation and-emts a single snbol
duration correéefation spike. 25 Based on the relative ti nEPGRUBLIMSence
of the correlation spikes for the n PRCs associated with the broadcast
channel , "and operating in conjunction with alignnent buffers having a width
of four synmbols, the synbol content of33he n PRCs can be precisely aligned
and renul tiplexed to recover the FEC-coded broadcast channel.

Ren_}JI ti p: exi ﬁﬂm_ed{eeﬂ-selﬁmoﬁlz&ssh ,223) tﬂxfodmgl IlhapeEEﬁaet_badgdbmmcgﬁod né tzarwgl
prefera T hl.es [ 1 S ol spr in ocedure used at the 3

br oadc agpx o @g'ltgé i pg‘g%ef‘%iy Efé’ﬁ’ﬁ?‘g‘?% t@%‘smq&'&% é’de‘gi‘s&gﬁl guet CQA;éﬁ g -
LNt o 1t heohtiatdd cB8ihf Prdted, I N the reverse order, as indicated in blocks 206
and 208 of Fig. 10. 24 Fig. 11 illustrates how a broadcast channel,
conpri sing fdﬂxecpduqnetmrp@bmpwé;sprsfembhrover ed at the receiver (block 196
in Figg. 9). At the left, four denodul ated PRCs are shown arrivin. Due to
recl oking .variations, and different, i ﬂa dqi ays encountered fromthe
broadcast station through the sateP¥T _o(xffx he radi o, up to four synbols of
relative of fset can occur anong 5 thé n PRCs constituti ng a broadcast
channel. The first step in recovery is to realign the synbol content of
these PRCs. Tihese &uss simoeoff{xp=od# 3f BI4FDB bf f ers each having a | ength
equal to the rapnge of variatjon. Each PRC J’la§ i.ts. own 7buffer 222. Each PRC

i s fiorst suppFeding it perforprd using thabagis { 1.t ao ', 2360} B det er mi nes t he

i nstant of argjyal iThe .arrival jnstants are shown by a correlation spike
224 for each %‘H%bQSW{C'%d?ﬁ the illustration. Witing (W starts into

each 10 buffQﬁ,,z‘%&sjmmgj‘ggal]mf]mélbeﬂgﬂ@mbg sigﬂﬁkﬁ{ﬁbithSB)),rre| ation and
a

continues thereafter until the end, . \ .
where the u, are the coefficients of o', respectively:

¥l + utad + uste’ + wtod + el + utal + uta 4y

15
The code is systematic, that is, the first 223 symbols are the information symbols. Prior
to encoding, the first symbol in time is associated to x** and the last symbol to x °. The 32 last
symbols are the redundancy symbols. Following encoding, the first symbol in time is associated
with ¥ and the last symbol to x°.
20 A block Interleaver, with a depth of preferably 4 Reed-Solomon (RS) blocks, is used as

the Interleaver 314 in the concatenated coding process. RS coding 314 and interleéving 314 are
preferably as follows:
Assuming that Sy(m) is the m-th 8 bit symbol among 892 symbols 320 to be RS encoded,
as shown in Fig, 20, the RS encoding is performed on the following 4 sets of 223 symbols, as
25  indicated at 322 in Fig, 20.
Set 1: Sy(1), Sy(5), Sy(©), .y Sy(1+4*m), ..., Sy(889); m from 0 1o 222
Set 2: Sy(2), Sy(6), Sy(10), ..., Sy(2+4*m), ..., Sy(890); m from 0 t0 222
Set 3: Sy(3), Sy(?), Sy(11), ..., Sy(3+4*m), ..., Sy(891); m from 0 10 222
Set 4: Sy(d), Sy(8), Sy(12), .., Sy(4+4*m), ..., Sy(892); m from O to 222
30 Each set is increased by the following 32 symbols (8 bit) of redundancy data, as indicated
at 324, 326, 328 and 330 in Fig, 20.
Set 1: R(1), R(2), R(3), ..., R(32)
Set 2: R(33), R(34), R(35), ..., R(64)
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of the franme. wisoplss@n t he synbols to the PRCs, reading (R fr of the _
buffers 222 starts at the instant of the |last correl ation eveﬁ%qj"llﬁgéﬂisgﬁses_

the synbols of all PRCs to be synchronously read out in parallel at the
buffer 222 outputs (block 206). The realigned synbols 228 are next

mul tiplexed via a nmultiplexer 230 into a38ingle serial streamthat is the
recovered 15 coded broadcast channel 232 (block 208). Due to on-board cl ock

15r2rbri51teI al i gnmBett3: RG&&LR@@);M?M.T,R@&) PRCOIheade[1 may beI 47, 48 orb49
synbol s long. TRLS, b ey €l higated in the correlator 226 by using
4 BOTERIEN RO, G RILAT

only the last 47°s etect the correlation event. These
47 synbol s are specially selected to yield optinutmcorrelation detection.

FEC. coded 20 diecadinets e montel Seass S7oh e FGVingciamtesh o shone n Fig

. 5 t . e
et ween: 1 he DTSRy SO R SR MR, RO, KRG, REN DG, R,
pr ocessi ng RGFHEE), RSk si,mR(3Dy B, BP6)e M1 28)swish Yifromr BitoT3Z| Thus, Dhe presected
foll d by deinteyl ' d t . Reed | . 1K ' '
PR SR TR Y S e
i ncr ement s Sgla¢hontredihdined4s inditarsdCad 335 in Figl 0% KTRe s bill BESH(1)4s peefisblbly deefipnt

of the broadcast channel is provided to a decoder such as MPEG 2.5 Layer 3
source decoH dlel&m@rl’féﬁﬂh}é?@b’émﬁéhkb@d .gnal s. Thus, receiver

procesgjng is axgiy ' 1.Q : %3%5
recept ?t())n from sat e?%a@e%%g%ﬁ%g&%gﬁ ns%gi%ﬁée g?@?he rg; ca?’?k at the
progr ans vibeoadedse ktatiores232% Viertdicoitohitional codeifere tf2, k=R as Mricassdr ini Figs2rie

Lo ey ek Bt B B e bR
control chapgetrhé gén(ﬁz%ﬂ @%@M@&y%ﬁi 17 vfoan SiRsF (B) 68d 9PLI10M1811 [B)UEackcBlok

sets can be produce enment ese service
336 in Fig. 21 represents a single bit delay, Modulo 2 adders indicated at 338 and an inverter 340

are implemented such that the output of the encoder depicted in Fig, 21 1s preferébly g;and g,.

15
For every input bit, a symbol is preferably generated with the switch “Sw” in position 1 and then
in position 2.
The Viterbi encoder 342 depicted in Fig. 18 generates bit streams which are subsequently
demultiplexed in the inner transport layer 310. The demultiplexer 344 preferably divides
20  encoded broadcast channels into prime rate channels, each of which has a bit rate of 38000 bps,
as shown in Fig. 22, With reference 1o Fig. 19, the protected broadcast channel frame comprises
a total of 7 x 8160 bits, that is, 7 x 7136 bits for the broadcast channels and 1024 bits for Reed-
Solomon redundancy, as indicated at 346 in Fig. 22. For the purposes of demuliplexing,
symbols S(1), S(2) and so on are two-bit symbols from the FEC-encoded broadcast channel.
25 S(1) is preferably the first symbol to be inserted into the first prime rate channel, as indicated at
348 in Fig, 22. Thus, demultiplexing causes the content of the i® prime rate channel to be
S@), SG+n), S4+2%n), ..., SGi+p*n), ..., SE+8159*n),
with p from O to 8159, as indicated at 350 in Fig. 22. The broadcast channels are preferably
demultiplexed into 7 prime channels. The number of bits from the FEC-encoded broadcast
30  channel provided in each prime rate channel is preferably 16,320 bits per frame period. The
prime rate channels are then each provided with a prime rate channel preamble, as indicated at
352 in Fig. 18. The prime rate channel preambles within a broadcast channel are all preferably
time coincident. The prime rate channel preamble length is preferably 96 bits or 48 symbols, as
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options b;{vggg,?{}gst he entire TDM bit streamand its raw denodul ated format,
t he 25 denuf tipl exed TSCC i nformation bits, and the recl¢dfE982308,
corrected broadcast channel avail able. Radio receivers 29 can al so be

provi ded wi dh an identification code for unpiely addressing each radio. The
code can be accessed by neans of bits 40anied in a channel of the SCH of the
br oadcast channeL For nobile operation using the radio receiver 29 in

accor dadeseritsed aboi¢ in doneeqoion swthtFig. v €Tte prime tanechaadél préamblovdngiy peefetably

ot of al o EBERAE tuegaciindl il oS SRR Hichiog BF B, carmibed B dherany
as ten sonepAs chaﬁnaw?@ﬂbléismeﬂ&am%e?bg@@ai& Ll @ine e dofhcRle Rt WY Bir Eéqixgﬁ

e
accuracy of better_ than one part pe 00, 000,000 is preferably Ins ed in

the radPwbedahe |ard the&Q corapanegtsiobthe QRS anodulagion 86 @g- 3%, 10 System f or
Ma [ Sat Lt t I . t | h t
10" o' Compr Plieh £ pRAtt:Y BRUAAR cahl'if iy BpaiBb Silufint) bRl chitipePien OO

satel | :p&éerﬂﬁﬁl I ,geﬁ.’diitedilvsdthﬂﬁg}ef nner ﬁhupbndhjev?l&ulrﬂmémnmﬁ\f et bridadmasti ng
several .sat ites prefera onprises a ural ity of, TCR statjons 24a,
Sab. | Sadmanalfias e sl PoEt ot G Wimedratni BRI e Preres cranal & geRAcERd 25¢
is in |i %ﬁg,l LBt Ransdl fid AN rs?t{:ﬂeﬂ&sar{ mgn&

gener al Fgg\c/i\n tl |}g e‘rxg‘?lge nuner al 22{%@?%8%%?& I edlﬁb a regld(;qna broadcast
cont r ol tof aisénvice \pr¢aribBs)as describabprevionsip.3swd 2 BREHillmberh2B8aThe paindanddamsc
conpy! S?e%;u@nc%a}st Selibd Hising 2 generator such as the PRS generator 290 depicted in Fig. 16, as well

as using the same generator polynomial described above.

As stated previously, the communications lines transport laver 308 is preferably
transparent to the protected broadcast channel digital formar. This layer 308 performs the
connection berween the inner and outer transport layers 310 and 306, respectively, which can be

15  located in separate sites. Accordingly, the communications lines transport layer 308 can include |
communications lines. The outer transport layer 306 is used to protect a signal from errors
| coming from the communications lines. If errors issued from the communications lines are
numerous, a greater level of protection is possible. For example, the protected broadcast
channel can be protected by another FEC code, or the received protected broadcast channel can
20  be Reed-Solomon decoded and corrected, and then Reed-Solomon encoded pﬁor to reaching
the inner transport layer 310.

As previously described, the system 10 of the present inventon comprises a processed
mission and a transparent mission. The transport layer of the broadcast segment 250 of the
transparent mission preferably comprises the broadcast segment transport layer and the space

25  segment transport layer of the processed mission. Much of the re-alignment of the broadcast
signals (i.e., the rate alignment of frames on-board the satellite 25), however, is not necessary in
the transparent mission because all of the broadcast channels therein originate from a common
hub. Thus, time differences between a plurality of broadcast stations 23 do not exist.

~ 'The transport layer of the space segment 252 depicted generally in Fig, 13 will now be

30  described. The space segment transport layer receives prime rate channels from the broadcast
stations 23, as indicated at 354 in Fig. 13. The space segment transport layer, hereinafter referred
to generally as 356, is illustrated in Fig, 23. As described above in connection with Fig. 7, prime
rate channels are rate aligned prior to being routed into a selected downlink beam and
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control cent gy hoptdses 236a, 236b and 236c, a mission control c )
240a, 240b aﬁ§?g40c and a broadcast control center (B) 244a, g@ﬁﬁ%“%ﬁcc
244c, respectively. Each-SCC controls the 20 satellite bus and the
communi cati ons payload and is Wwhere a space segnent. conmand and control
conput er and nmanpower resources are |oca#ked. The facility is preferably
manned 24 hours a day by a nunber of technicians trained in in-orbit
satel | it e mohiphmed ﬁmdmdmsmn mdhﬁasmmmmmn arfe 238 aligmment rogese is

on-board conpon nts II

25a, 25h ANACHELEE i 2 TR b Bl ERRRRT DR B sl
to a Co”eﬁﬁpﬂé&:ﬂ&d%vg?aﬁaconﬁaﬁbnmdﬂﬁg 8)‘15 fnididaretli ave358d arad tllieedm&ddtnisxoBSTN
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for au

rout i ng vi % TRRbaEaR o RGBSt 5e2 BRd) I2GRRALLREABRhnn TOSOG villbe, | .
del i very odestdibedsiermoreedetaihbaldw.i STherdholtiples i pymer muchaaddt (andblthd: TRQG ¥ amst

30 d |'s.th
cont | gur oosFERIRL G THIGEHA 2 b inE A DORTY S CUmE GRS PRI Sherero, as
conpri si NQindighred kr SHBCwhicR s 8RE o TDM @iﬁhﬂoﬂ&aﬁﬂcatmiooiccéﬁéi 99\NERE TDNZach

MCC perforns both dynam c and static control nam ¢_control involves
control | i nigame pesiod in gsfesably 138%millisecondsiag shrasrn in Fig.24t Ths masees frame pyeasghle is

segnent. us thI l. I ves
space Esoeg n@g ferag)éys n g %tﬁgfé ublleﬁgéﬂvg:[:}gﬁ %ﬂg g8t ?onttxféf Qﬁa'nﬁe@%&e h’d‘h g
4224 birs.
The symbol rate alignment process performed on-board the satellite 25 and described

above in connection with Fig. 7 will now be illustrated using Fig. 25. Rate alignment occurs

between independent uplink channels received from broadcast stations 23 to correct for time

15 differences between the bit rate reference for the various broadcast stations 23 and the satellite

TDM rate reference. The rate alignment process is advantageous because it eliminates the need

to synchronize all broadcast stations 23 to a single bit rate reference. Thus, the broadcast

stations can be operated using less complicated equipment and therefore at lower cost. As

described above in connection with Fig. 7, the rate alignment process consists of adjusting the

20  length of the prime rate channel preamble by adding a bit, withdrawing a bit, or performing

neither the adding or withdrawing of a bit, at the beginning of a preamble. The PRC bit stream

368 depicts when no lag exists between the satellite bit rate reference and that of the broadcast

station 23 transmiring the received prime rate bit channel or PRC bit stream. The PRC bit

stream indicated at 370 illustrates the insertion of a 0 imto a preamble, resulting in a 49 symbol

25  preamble to correct for when the broadcast station bit rate reference lags behind thar of the

satellite by one symbol, When the satellite bit rate reference lags behind that of the broadcast

station by one symbol, a 0 is removed from a 48 symbol PRC preamble, resulting in a 47-symbol
preambile, as indicated at 372,

With continued reference to Fig. 23, the TSCC 362 preferably comprises a TDM

30 idenufier 374, and a time slot control word 376 for each of the time slots 1 through 96. The

TSCC 362 is depicted in Fig. 26. The TSCC multiplex 362 preferably comprises 223 symbols of

8 bits per symbol. The TDM identifier 374 and the tume slot control word or TSCW 376 for each

of the 96 time slots are preferably 16 bits long each. The TSCC multiplex 362 further comprises
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dai |l y basi- es office, which has personnel for sellin ace segnent
capacity a?vot gﬁcorrespondl ng RBCF, provides the MCC with d&ﬂ&%@étl ng
avai |l abl e capacity and instructions 5 to seize capacity that has been’
sol d. The MCC generates an overall plan for occupying the tinme and
frequency space of the system 10. Tée plan is then converted into

I nstructions for the on- board routing switch 172 and is sent to the SCC

for tarsensofi 232 bis whxchmnsmmld rownd-ofh eequience 378 ‘Be rquaidiofll sequencer 378smi t t ed
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bgoadcast earth statlons 23 in |ts reg| on for proper operatlon within
Sel epet=iteateRtyr—BoWeiegith-t e RR PO —tocrances—Fre—REEs—ca

connect Wit h correélﬁtBIdi mgmmm%commnd mal funct onifng

st at lEd /—\(,enTr fFaci ity 246 15 pref erapty provrded
for echﬁ%eagr‘%’ﬁppor &é%‘eandjgégkgd‘ up operatio S each of the
SCCs| Signali ng Pr of ocol In accordanc®®i tlh a preferred enbodi nent of thg

SBGFT%@%&? th GBI 0, 1 hccd daﬁjﬂ&n&??@ gnal i ng pr ot ocol

n
advant ages over| exi sti %%Stems The
§ on is
gpn e fﬁ%f:ﬂ% space

processi ng of |nforrmt|on for broadrcast tr
a

sumpri zed in Fig. 13 which illustrjates a
segmgnt 252 and a ramgﬂ&pt 2541 of ga 34 LESEH st
systém 10 construct¢d 1h accordancej wth g fﬁ? %(11*0? e;c” rnf;‘fe JQ ﬂ%a '
pres 20 _inventidgn RBoth the serhice | ayer an(} 1 an Dne W(S
the gystem 10 is desqaitFalindRitoW. 1 0: Not last Prime Rate Channel of the
Channel flag Broadcast Channel
1: Last Prime Rate Channel of the Broadcast
_ Channel
- Format identified 2 | 00: WorldStar 1
else: RFU
- Broadcast Audience 1 0: Public audience
1: Private audience
- Reserved 1 RFU

Each broadcast channel is preferably identified by a unique broadcast channel identifier

(BCID) which is composed of a BCID type and a BCID number. BCID types preferably
include a local BCID, a regional BCID, a worldwide BCID, and an extension to worldwide

10 BCID. A worldwide BCID indicates that the BCID for that particular broadcast channel is valid
for any time division multiplexed bit stream in any geographic region. In other words, the BCID
uniquely idenifies that particular broadcast channel to radio receivers 29 located anywhere in the
world and on any time division multiplex carrier on any downlink beam. As stated previoﬁsly,

each satellite 25 is preferably configured to transmit signals on three downlink beams, each of

15 which has two differently polarized TDM carriers, as discussed below. A regional BCID is valid
for a specific geographic region such that the same BCID can be used to uniquely identify
another broadcast channel in another geographic region. A regional BCID is valid on any TDM
downlink in that particular region. A local BCID is valid for only a particular TDM carrier in a
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Wth-regard %_;J&gagroadcast segnent 250, a nunber of steps in the
fornatting procedure are simlar to those described previ ousIRFTAEP8R3FS For

exanpl e, the dermultiplexing (block 256) of encoded and interl eaved ‘
br oadcast channel bit streans and the addition of prime rate channel
preanbl es (bl ock 258) to generate thet3prine rate channels, which are

transmtted via 30 frequency division multiplex uplinks to a satellite 25,
i s si mipagicubo regien. pTuase she dane BAIBd cab be cused Qmmgtri beanwiwithit-iths sarBe and 4.

The process ,0of generating a bit stream fyomdifferent ;service conponents
(e.g., %M%%r%v%%m@‘%?%ﬁa%‘ﬁ)%@“ H‘Eﬁdﬁadtg‘agﬁ?l%i ce control header
(SCH) 264, syitkEbhtinied kéferelielto MabRF O nehd Of eRCPOMMeddiRr B74 inkludeain f or

forward error correction 27 (EEC) (bl ock 268), O\é@x{‘eﬁ, will now be
descr i i5egion idepsfiersodiachDM mimiprg he Tegion iden mmgv pfies rbe region ef 2

reterred. ' e ' [ i..OF , will
gl ng bé@%lwgggg%g | e%%.nﬁgrg?%ﬁﬁ Wﬁeﬁ%ﬁ% aﬁg&%%ﬁ% r%ﬂorg %@[ﬁ%‘o%&g ce
Yvit_h tdhbwpﬁdseg:_lﬁfsn:lmdﬁrbwhichd;abcmdgaevﬂmchiqfehqmﬁichmcdmﬂa;t. tiﬂie_rég‘oﬂnot s
imted,ta, audip, data, ,static.inmages, nami c i mages, .pagi pg_si.gnal s,
tex, nadenmfercagalo V&%ﬂﬁ?@r%a .Cei\giiﬁ ‘E‘ec°¥%ﬁ’gb%"£ﬁ%ﬁg%gﬂ"l§ﬁea%ever al
servi C%%&ggﬁgm.e p&eé d’H%Mrﬂfn%ir Batd 8Phé quwiaﬁa@?nae@r@@amc@m g

13, whic a service provider. For exanple, a first service

conponéintsteam. 2dETOVOnumbdrs are prefersbiy aiseskfoy lefichand mplanizsd: (LEIGP) BDMeand f or

udbo- SYBLEPMEAERRs R nelChRpp Bt SRR T 00 cTl of @ single

servi ce conponent or nore than two service

TABLE 5 - TDM IDENTIFIER

Field name Length (bit) Contents
Region Identifier 4 0000: Reserved
0001: AfriStar
0010: AsiaStar
0100: CaribStar
else: RFU
TDM number 4 0000: Reserved

0001: TDM 1 (LHCP)
0010: TDM 2 (RHCP)

0110: TDM 6 (RHCP)

else: RFU

Note: Odd TDM numbers are used for Left Hand polarized
(LHCP) TDMs, and even TDM numbers are used for Right
Hand polarized (RHCP) TDMs

Reserved 6 RFU

The TSCC multiplex is preferably also encoded using Reed-Solomon (255, 223) encoding
on 8 bit symbols, as indicated at block 380 in Fig. 23. The code generator polynomial is
15 preferably
' 14

g(®) = I (r-0™)

j=112
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. components. The service 261 is conbined with a SCH 264 to create a service
| ayer foWWQAMWEL6¥8Boadcast segnent. The allocation of servi cBCHURIRHIEM: s
(e.g., service conmponents 260 and 262) within the service 261 is '
dynarically controlled by the SCH in accordance with the present invention.
As described above in connection 4 th Fig. 4, a broadcast channel bit
stream 15 preferably has a frame period of 432 mlliseconds. The SCH 102

i N fri.g 248 bih 3.2 tqh ' dGemp thelesis{1Xa§ W2 bits, _
for“ﬁig‘&t%fga{}%%&n%)gl?&ﬁ{?sxggg*flr g:r?gﬁ %?&fl%gﬁnurrer al n isq thg 'o%er all bit
rai®, @& al, e, 8 Eattesysibel # alerpittetias000-bi t s per second (bps). As stated
previously, service conponents of a service 261f§an c&rry audi o service or
di §u,t,al, usarnwi,os, ulj'xgﬂeummgithel\’ISBmMeﬂ!e W} axe theeqe cengy @f & JBPFCHEYE sible in
mul tiples qof 8909 b|q;5520 wand i be,rg%vyeen 45000 bps and 128, 000 bps. Wen
the sumlethis 8 + Us'®t dsto® B %oft Wifd £8r\f ddoconponents in the service
5261 Is lower than the bit rate of the service 261, the remaining bit rate
is filled with a padding service conponent. Thus, the_ padding service
conponerThebReed Silemors codeisesysteinstia e that the firitc223ceymbotse sompbsiag she vice

I ngl udi ng N, servjce conponents with 1> = j.> [.lS bil. rate of the '
i [ SL‘%C gBiuplecars H#@Wrze‘ﬂ?m%k'woﬁéﬁﬁnﬁﬂngangﬁ%hﬁt%%'gglejlp\/{l@g it rate
di \clf'kéiﬁﬁtéay 46200 the M Ishmbslf WRIEREE Tie 52 last dfinbdlfarestieviedendpiponent s
and the paddi ng service conponent, if 30 any q@%e‘pr f rg?qu l'tiplexed
wi tspimbolsHellaveng endotinge Theifirsp smbed instime ircassocigied Wil x'; ot Fmbods of t he

10432 J@ ld i second frane period conprising the service 261, as opposed to the
S % s preferably divided into 432 data fields. Each field 270 is

pr ovi dedNwiiditerla@aviek ¢y plisd ridritd Vidert enemiiig 382, 4shdepieadvindiig. @3nmfivenes n( 1),
N Rrinérbi ennoting'd fotndoft sardf A5 109483 oG Sing BPRIANOISA block of 255 -
symbols. The 72 bit round-off set comprises all odd bits at “0” and all even bits at “1”. The
first bit to be transmitted is the MSB, that is, a “1”. A.Viterbi encoding with R=1/2 and k-7 is
15 used with the same characteristics as described above in connection with Viterbi encoding at the -
broadcast stations 23. Viterbi encoding is synchronized to the Master Frame Preamble so that
the first bit following the Master Frame Preamble is the first bit issued from the Viterbi encoder,
which is affected by the first bit-of the RS encoded data. Dauring initialization of the Viterbi --
encoder, which takes place before the first-bit of the multiplex bit stream following the Master
20  Frame Preamble, the registers within the Viterbi encoder are set to zero. -
N As indicated in block 366 of Fig. 23, a master frame preamble is inserted in the serial ---
symbol TDM stream. The master frame preamble comprises a unique word and is preferably

composed of the same time synchronized 96-bit sequence on both the I and Q components of
the QPSK modulated signals. The scrambling process (block 364) can be implemented using a
25 PRS generator 384 depicted in Fig. 27 to randomize the data in 2 TDM carrier. The scrambler -
384 produces a pseudorandom sequence which is preferably symbol-per-symbol space-modulo 2
added to the TDM frame sequence. A symbol of the pseudorandom sequence is composed of
two successive bits coming from descrambler 384. The pseudorandom sequence can have 2
generator polynomial such as "' + ¥ + 1. The pseudorandom sequence can be initialized at
30  each frame with a value such as 11111111111 (binary) which-is applied to the first bit of the I

component following the master frame preamble. -
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28 thereby Mg bddeses N N., service conponents and the padd| vice
conponent, if "any, which corrpose the service 261. Thus, the W%ﬂs 2% h

servi ce conponent are spread across the entire frane. InterleaV|ng of
servi ce conponents within each broadcast frame is advantageous when bur st
errors occur. Only a small anmount of 4n interl eaved conponent is |ost as
the result of a 5 burst error, as conpared with the |oss of a |arger

portion of aTlms:rans kampédmmd:ola@gmmaasmdcpmdm@ga RBepand] Zabsfﬁw radio

mul ti pl exed w br oa. nnel I e}

o vi LEEBA R Byeg Py TV ey SR BRI Block 34 oS M byt
aCCOFdalﬂ}i‘e?of\ﬁief}adlbeecM%ﬂBnmlefb et&ﬁcsns ﬁMethdumWEauyalag@fsmimmtmuch as
MPEG 1,, MPEG I\/PEG 2 l\égEG 2.5 Ia e a%RSi\(AfS h? ext ensi o&s f | ow
sanpl i ri‘qufﬁ p%e) Rest muqeﬁgmeas/ 3 k £ 50 gasbgﬁgfqe% ég'llg-useful
f

ror & salpe rgé%f’f”#?é (384, BHE it Hohe R ool ignme 35‘."‘85“5.38%

pr ef er adndyseleerVEDM tirn¢ slowtbelongihg l:cpﬁhe sahe BAR tQ:w cbe &)ﬂdmetecelmoo and

e pr oS BREA: A\ B scoiPe bldsk o RE S5 i e B SR R R PTRAAER, ° o

16 kHz @gliieidd@dcribid ¥b&re in cotecrioh Wit Blogk 88XihZFig, 23. FortherfgResteSblomolyP EG

‘2.5. The sanpling frequencies are preferably synchronized to, the _service

'corrponef#mdﬁrt(blpdt ¥94) derodes thaerrgding periermadees- 'é‘??é@)ﬁ@rspﬁl@ and dasred o t he
br oadcaés%’kiﬁ °ﬁ?§ﬁw 'élrgékrrgé Otllﬂgil%tsﬁte r%ﬁgr% E%l eﬁ%&%%&é r arrerbne%%%srt.
Di gi t al chasmel mehaodamhqﬂmd toneliraia eheqtrhm ratethameds{ assadwatetém hidukc396aiThenot
audi o services, 20, such gs jmos,, audig seryi ogs uhigh, do; noj, conply with
connection with Fig. 10, With reference to blocks 398 and blocks 400 in Fig. 28b, the prime rate
channels are rare-aligned using the headers of the individual prime rate channels, as described
15 above in connection with Fig. 11, Following prime rate channel synchronization and re-
multiplexing (block 402) Viterbi decoding (block 404) is performed to remove the encoding
performed in the wansport layer of the broadcast segment and described in connection with
block 342 in Fig. 18. The symbols are subsequently de-interleaved (block 406} and decoded
using a Reed-Solomon decoder (block 408), which is the reverse processing of the broadcast

20 channels performed in the outer transport layer 306 of the broadcast segment to obtain the
broadcast channel. Thus, a received time division multiplexed bit stream is descrambled to
correct for errors in the TDM transmission, decoded to recover the broadcast channel and then
descrambled to correct for broadcast channel errors.

While certain advantageous embodiments have been chosen to illustrate the invention, it

25 will be understood by those skilled in the art that various changes and modifications can be made
therein without departing from the scope of the invention as defined in the appended claims.
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connecti o di o service conponents subjected to MPEG il di n

pagi ng, Méﬂg%ygﬁgfer data, anong other digital data. D|g|t /ﬁ‘?-?ra(?g?é
conponents have bit rates of multiple d¥6 8000 bps and can be between 8000
and 128,000 bps. Digital service conponents are formatted such that it is

possi bl e t&ﬁCC@S. tge service 261 using data fields defined in the SCH.
The SCH d * are described below in conpect ion with Table 1.
The SCH cofipri SgSmifHE Jf ¥PRsathg fal @il §6:0bRAdcAD BrandrSissién $6 réindte Preanbl e,
Service Control Data, Service C%rrponent Control Data and Auxiliary

Servi ces. ﬂenelmrs:mxdpm%thetstepshé present I nventi on, the content of the SCH
conprises data as.shown in Table.l. TABLE ]x'i SERVI CE H DER Field
G oup Fi I@F@N&&é service compr}_sg}gga( east a first service CO%C&F] t )

TABLE1 s ggg[ Rg]?ﬁ%ﬁ el P ;rxﬂnﬁk%k@g@ Lengt h
Contents ( {n) 8&Vitce Bre ec%\‘;ﬁs%ﬁPr eatb] o P *ging 0474B( hex)
Servce Congigls, texBirhesf3gesuandrpdfagraphic symbols; ahd Service bit rate divided

bykbps Dana (BR 0000: .no valid daa
(BRI = n) generating a broadcast chanmgd bit streapyframe RyoRpPepding s service

control header to said service to dynamically control reception of said service at
said remote receivers, said service control header comprising service control
data;

wherein said service comprises an overall bit rate of K bits per second,
said overall bir rate corresponding to 7 multiples of a minimum bit rate of L bits
per second, said frame period being M seconds, said service havingzx L x M =
n x P bits per frame, said frame comprising 7 x P bits for said service and 7 x Q
bits for said service control header, wherein K, 7, L, M, P and Q are numerical

values, respectively.

2, A method as claimed in claim 1, further comprising the step of providing
said service control header with first service component control data for
dynamically controlling the reception of said first service component at said

remote receivers.

3 A method as claimed in claim 2, wherein said service comprises a second
service component, and further comprising the step of providing said service
control header with second service component control data for dynamically

controlling reception of said second service component at said remote receivers.

4. A method as claimed in claim 3, wherein at least one of said first service

" component control data and said second service component control data

Hllllll IMIH lllH Hl!l H llll




1001 - 1111;- ;RQ)S@ ¥fd for Future Use (RM Service Control Ensdprgd
Contr ol 0000: no eacryption ¥ 932805

0001: staic key 00 10: ES 1, consnon keyD?(Jbscrl ption period A (UC set A
shal |l be used) 0011: ES1, comon key, subscription period B (UC set B shall

b d) 0100:
Ae( ldj(é )Set A s%ﬁﬁh es 2k @ Q%@rgetl%ici‘@% tvzirfggeé{s OnlpiideCd s&YRE Colidnef Per i od

e use ast “channel specifi'c key for
subscription peigtiofield a(édﬁneeectonﬂ)omhﬁdypbﬁeldsad&noehsmn fild) Sprogran t@mt r ol

Cont et | nai ¢ lsang a langosge ield, whagsipiait) sorvce ERRPONEF JBEILASRGYIEHE | )

sel ector 02(hexd 1 ROR J7! GO EreQsbnldll drie SFIRCHAL GvilL @8AB8ALnt and said
second service component, said service component type field indicates which of
a plurality of signals is contained in the corresponding one of said first service
component and said second service component, said encryption field indicates
which of a plurality of encryption methods is used to encrypt the corresponding
one of said first service component and said second service component, said
program type field indicates which of a plurality of programs is transmitted via
the corresponding one of said first service component and said second service
component, and said language field indicates in which of a plurality of languages
the corresponding one of said first service component and said second service

component is generated.

5. A method as claimed in claim 4, further comprising the step of providing
said service component length field with 7 bits to indicate said bit rate of the
corresponding one of said first service component and said second service
component, said bit rate being a multiple number of 2 bits per second, wherein
1 < said multiple number < 27, m bits per second is a minimum bit rate, » and
m are numerical values, and the contents of said service component length field
is a binary number having a decimal value between 0 and 2°  corresponding to

said multiple number.

6 A method as claimed in claim 5, further comprising the steps of:
receiving said frame at said remote receivers; and
demultiplexing the corresponding one of said first service component and

said second service component from said frame using said service component

length field.

KR AR



Channel refwyapeks(PS Fl ag and ASP) 04( héx) to 1F(hex): RFU I’VI ce Control

Auxi liaryFreld 7 00( hex): émt used or not kno

Content |ndicator 2 01(he 3 64 bit encryption key_(ACI 2)
sel ector 02(hex): service label; 1SOLatin 1 based sequence 03(hex) to
7F(hex): RFU Service Control Nunber of Service 3 000: One
Servi ce Conponent Data Conponents [err] 001:
Two Servi ¢ Conpanahbd ad didimeHiin lelairbesy; wiheeeifoanp ohking and 7 30800Bbiks 1 -
SERVI CE CONVROL HEADER Fi el d G oup Fi el dNane - Length

COnt ent s (mﬁrts?cosér vi ce Control Auxiliary Data Field 1 16 Dat a
field, wwth content defined by Data (ADF1)

AG | Service Control ADF2 multifrane 1 1. first segnment

of the mulg.i frnAgmethod as claimed in claim 4, further comprising the step of providing
said service component type field with one of a plurality of values corresponding
to respective ones of said plurality of signals, said plurality of signals comprising
Motion Pictures Expert Group (MPEG) coded audio, general data having no
specified format, Joint Photographic Expert Group (JPEG) coded picture data,
video and invalid data.

9. A method as claimed in claim 4, further comprising the step of providing
said encryption field with a first value and a second value when the
corresponding one of said first service component and said second service

component is encrypted and is not encrypted, respectively.

10. A method as claimed in claim 4, further comprising the step of
providing said program type field with one a plurality of values corresponding
to respective ones of said plurality of programs, said plurality of programs
comprising music, a talk radio show, video, text, a censored program, an

advertisement, and a program directed to a selected topic.
11. A method as claimed in claim 4, further comprising the step of providing

said language field with one of a plurality of values corresponding to respective

ones of said plurality of languages.

12. A method as claimed in claim 1, wherein said service comprises a second

service component, and further comprising the steps of:

[y



Dat a “wo 992ksksFl ag ( SF) or no multifra
I nternmedi ate segnent of the nmultfamre Service Control ADF2 ég'é“%ﬁfzsssvs

O fset 4 If SF - 1 (first segr‘ré*r?t); Dat a and Length
Field SOLF contains the total nunber of (SOF)

segnents of the nu |tframe (or no
mul tifranme) 000L1: J'éi{‘quujf;{taaﬁrrent ?&Pfr%%ggiﬁlg%ﬁ ?gtqsegrfem[as nmukiftrame If SF
=0 (internediate s&gmx)ag ablehdr paardfabidsfirsheraegoatnponeht aed sai®stdondal ues

are 1,2 ..., total nunber of segnents of the nmultifranme -1. Service Control

Auxi | i ary Dat &rHcerqmponenpipto each obggichdars Belds. contents defined by Data

(ADF2) ACl 2 Service Servi ce Conponent

N5. * 32 Each servi ce conponent has a Conponent Control Field

( SCCF) . 13, A maG6Hias SREnctPhl &mg‘x iP rwinlrbth s&idNfirsObert®d Bomponent

content Auiliary Service  Dynanmic |abel s variable: n Byte stream
ci/ said second service component have a bit rate of multiples of L/2 bits per

second, said interleaving step comprising the step of adding padding bits to each
data field when the number of said multiples of 1/2 bits per second is an odd

number.

14. A signal comprising broadcast information embodied in 2 carrier wave
for broadcast transmission to remote receivers, sald signal comprising a
broadcast channe] bit stream frame generated by appending a service control
header to a service, said service comprising at least one service component
selected from the group consisting of audio, data, static -images, dynamic
images, paging signals, text, messages and panographic symbols, said service
control header comprising service control data for dynamically controlling
reception of said service at said remote receivers, said service comprising an
overall bit rate of K bits per second, said overall bit rate corresponding to n
multiples of 2 minimum bit rate of L bits per second, said frame period being
M seconds, said service having # x L x M = # x P bits per frame, said frame
comprising # x P bits for said service and # x Q bits for said service control

header, wherein K, #, L, M, P and Q are numerical values, respectively.

15. A signal as claimed in claim 14, wherein said overall bit rate K for said
service is between 16 kilobits per second and 128 kilobits per second, said
minimum bit rate L for said service is 16 kilobits per second, » is an integer 1

< n < 8, said frame period M is 432 milliseconds, P is 6912 and Q is 224, said

_—
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* 224 -128 [err].32 The Service Preanbl e
i s preferam&%s{)lts long and is selected to have good syni TRenes

qualities dung for exanple, inplenenti otf of auto-correlation techni ques. As
5 shown in Table 1, the Service Preanble is preferably 0474B hexadeci nal

The SCH I at ‘ f bly 4 bit
e O e RO REE s i S R g P B B ) 1S
second. FQionertRHBIdRr andPQ 7166 tbckiebitised to indicate that no valid data

(e.g., padding data that is to be ignored) is being transmtted in the
current franme. A "0001" can be used to indicate a BRI of 16 kbps, whereas

'100(B t BRI 28 k BRI 31 di cat
he. nuberTof 1 <06l 1 g R Lo OThuRE R $917Ich CCOBBES 2 4BY ondenst
channel f;&%&?&ﬁgyﬂéﬁt %ﬁ*ﬁ%gé o @htide @Axﬁ e %Ilﬁ&%aapérgehdoffsqr%encryptlon

control . exa val ue ca e used t Icate that no

encrypt i onfrime beiag divided: o @BZ}ditﬁﬁeldﬂfv«hﬂdbdrb@ppmnmhsd tmillisecdfi part of.
the current frame 100 correspondin

? to the SCH 1%5 geé¥4 bit, binary

val ues 5 incdurapenysash pbsmdddaéat@d%hbam%g @akt 1 bats; yHE BISTGEIVIEMS been
used to enc t broadcast channel Y Kk oyed for
encryption® 'é&%EF [ﬂl‘ggﬂé ssw&(igy%oq g n&?ﬁﬁ‘%ﬁﬁg‘;&ggﬁtﬂ?g’g@ %foadcast
channel . Iﬁldiggtghgﬁglce W|th an aspect of the present invention, the SCH 264
can be provided with an auxiliary data field (ADF1l) and an auxiliary field
contents indicator (ACIl) to allow a service

D,

C

17. A method of formatting a signal for broadcast transmission to remote
receivers comprising the steps of:

receiving a service comprising at least a first service component selected
from the group consisting of digitized audio signals, analog audio signals and
analog signals;

- digitizing said first service component if said first service component is

analog; and

compressing said first service component using source coding selected
from a group of coding schemes consisting of Motion Pictures Expert Group
(MPEG) 1, MPEG 2, MPEG 2.5, and MPEG 2.5, layer 3.

18. A method as claimed in claim 17, wherein said compressing step
comprises the step of sampling said first service component at a sampling

frequency which is synchronized to the bit rate of said first service component.

19. A method as claimed in claim 18, further comprising the step of
generating a broadcast channel bit stream frame by appending a service control
header 1o said service to dynamically control reception of said service at said

remote receivers, said service control header comprising service control data for

—————
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0 .provider - ol specific functionalities associated w_h_] ervyi ce
261. The ADFlﬁvgngg&%?R can change from broadcast frame 100 to B?G;%E/Z%Sﬁ .

frame 100 at the service provider's di scrétion. The AQ contents are
preferably an encryption key selector, a standardi zed radi o data system or

RDS cod : BRSSP . f . ' | . dcast
channel 5.« For SERECRY; el AR relbn, sl R R e i P yea,

that is, a kepenhst¥rdtgivaesis |ength of 16 bits for ‘m nor security and
anot her key having a length of 64 bits for higher security. Dependi ng on
which key is indicated in the ACIlI, the actal 16-bit key is transported in

the ADF1 fi el whi,l e the, act yal 64-bi,t. k IS 4 ransport.ed in ot rer
auxiliary dat go'f [ e1“\*d“‘a3 °cdr f%é:ga"ﬁg‘?d&/ %l?n‘H‘ ﬁé’f &?r'ﬂéeé f%xggé&gglﬁh‘i(f% og of the
16-bit key or ohRBrdiftrife the<B¥mirg bf Y WIPEGS ehdbdee withowidi 8drvickt i S
possi ble to chHange the key's bit 1ength from broadcast channel frame 100 to
br oadcast chaoometol2Readerf rsaidebrbadcastashatssli bizdstieamt framee betng coperablé der . The
key selector in the A leld can be,,for e , an,over-thezair code of
a decryption KeDSIRE{g; |r‘-{%%8f“°c E?‘@Eatiﬁafbi’ss.“cgi’@'leé eAsaders B 3 | SHBfraMmAual i zi ng
the user of t rgoq\rvi ce, a hardware code for uniquely identirn the radio
and an over-tfe-alrr code or key selector (). Decryption of an encrypted
service is therefore only possible when all three co-parts are used

toget her. The radio data systemcode (e.g., RDS Pl code) is 25 currently
used for freqdbncyArothes aoslaspedin ishimd2svhergin wid syaghiesizing s8P | cast
of a program over .FM@%rwa fre “e{]}lCi S,,.l he gﬁ Pl code is rc%vilg din the
ADF1 1ol d by CPRBries e web Bf ghenili the fist it ot with ot arvie SAmReBethvBE | ne
present i nventidi B S MrhEhdr defleratelboagidAIPEGhaBGRY, Can be desi gnat ed
as a primary service of a nult-broadcast "channel service. According, the 30

effective bandwi dth of a service 261 can be expanded by using the bandw dth
of secondary rvi ges associ at.ed, wi t;h t?ngmpnutgn en%g&ﬁécfe' Tgl%et herevvlth t he

primary servi éé, ofh¥§s FomBEsias breadrath 1n 2 carner wav

for broadcast transmission to remote receivers, said signal comprising a

broadcast channel bit stream frame generated by appending a service control
header to a service, said service having at least one service component selected
from the group consisting of digitized audio signals, analog audio signals and
analog signals, said service component being digitized if said service
component is analog and compressed using source coding selected from a
group of coding schemes consisting of Motion Pictures Expert Group (MPEG)
coding, MPEG 1, MPEG 2, MPEG 2.5 and MPEG 2.5, layer 3, said service
control header comprising service control data for dynamically controlling
reception of said service at said remote receivers, said source coding having
framing operations which are synchronized with said service control header,
said broadcast channel bit stream frame being operable to transmit an MPEG

coding frame generated via said source coding as a subframe thereof.

-
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carry the Wﬁﬂsi‘atsw secondary services which can generay be received only

by properly equipped radio receivers 29 é):: e., receivers eqBCHAS8RIOH nore
t han one channel recovery device). The ABF1 32 field is provided with
i nformation to distinguish between primary and secondary services. This

dat a prefegably,c 1S 4 mar ﬁi’ A%n8hi fla nd an
Associ at edﬁgerv{\c%%fln‘?(sz) ﬁt‘%@bg%f%{é%gqg%gg kl ag |sg§1rleff’ e’r%g%tg set to a
| (B) when tdagivers eyt ﬁsiagﬂheisfbpgbﬂ frame 100 belongs to a primary service,
and is set to a B) when the service 261 is not .a primary service. In

other words, 5 receimagp fefmies/comprisingsat least arfirstiservic epmpenans selectadhot her
br oadcast %han el . The PS .flaga@é;sj S %ﬂ% t.he ASR ar e-ci.ndi cated in Table 2.

TABLE 2 - ABR DA ATRSEREL o hii i dyBlcic iRiag: PaglBBgth (bit).
Contents Ngbndlls @&k, messages and panographic symbols; and 4 ~ 0000
Pri marv/ Secondarv Fl ag ( PS 1 1: primary

conmponent Fl ag) generating a broadcast channel bit stream frame by appending a service 0: Not
primary Associ ait ed, Servi.ce Ppint ﬁr . 11 . .
000( hex): FOAYQ Hheades 1053 ) ynamically control reception of said service at

service el seq Br@AdASke CNARD Skl oMbl Heale ARREEAY SEvRET bl (Refer to

Time Sl ot
header data selected from the group consisting of a preamble indicating the

beginning of said frame, a bit rate index indicating the bit rate of said service,
encryption control data, an auxiliary data field, an auxiliary field content
indicator relating to the content of said auxiliary data field, data relating to
multiframes in said auxiliary data field when said auxiliary data field is
multiplexed, and dara indicating the number of service components which

constitute said frame,

24. A method as claimed in claim 23, wherein said preamble is one of a
binary number and a hexadecimal number selected for effective auto-correlation

to facilitate synchronization of said frame when said frame is received.

25. A method as claimed in claim 24, wherein said preamble comprises 20

bits and corresponds to 0474B hexadecimal.

26. A method as claimed in claim 23, wherein said generating step comprises
the step of dividing the overall rate of said service into a number 7 of multiples
of a2 minimum bit rate of L bits per second, wherein n and L are numerical
values, said bit rate index comprising one of a binary number and a hexadecimal

number representing said number #.
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Control Channgjg ddiidges the PS flag in the ADF1 of a SCH can be %ﬁg ;f 3L,J}e -
service 261 is the conponent of a 10 secondary service, or the P2 )
currently no primary and secondary servi ce® bej ng transmtted. When a
broadcast channel conprises a primary service, the ASP in the ADFl1 field of

the SCH of t ey anbs,cit gy i @aglaas! HDABDE s 15088 24A derl e &

br oadcast channel identifler a secondary service. |
descri bed in fraetofesid sketiae Is nhrmbleiples 3hHts 1aGbidsipet seond where Al in finvegat 1of t he

SCH conprising the secopdary service is, proviged with the BCL.D_of,the next
secondary 15 Ss’b&igc@,“?gﬁ ’ﬁ‘Sr’-@‘i@‘rFé’ﬁerWgs 30) H&W&@Péi%éﬁ@cﬁ%ci at ed

bri mary servi aatt 5 iEfane 1 it ted ith e RAbeC i blndp} WGl 1 | 0°
frames 100 of ogbi)ego1broradceistd, Gl OEIDs OYil il p000Hhdisfingothao sddtcretdll t he

secondary services is set to O(B). The prinmary and secondary channels can
be recei ved byateafisaidsenvise vetékidebitsiper second, é%lmlqhz)@@wqcnndm&ekﬂm one

h I devi wF | €,0n8:1 20 di [
ol ayback an ad PR kPP seehnd0dlopis b shephot® P BERSPRR i deo
program recei vgd k0B IRk Mebn L A8 kilobRs FGGEiHA e eively, anot her aspect of

the present invention,” another auxiliary data fiel'd reflerred to hereinafter
as ADF2 and an auxiliary field content indicator for the ADF2, hereinafter

33 referred tg as the ACI2, s provided_in the SCH 102 in each frame 100 of
a single br oaddast %H&Qif@lz”tck?“i’?‘gﬁé#ﬂm Ao PRERLSAG SCETRTON; CsAtial ADF2
in other br oac{gg,%tﬁs&hwﬁignr Wt 188, f-weindicating which of a plurality of

encryption schemes is being used to encrypt said service, said remote receivers

being operable to use said encryption scheme data to decrypt said service.

29. A method as claimed in claim 23, further comprising the step of
encrypting one of a broadcast channel comprising said service and said service
control header, and a plurality of broadcast channels comprising different
services and corresponding service control headers, said encryption control data
comprising bits to indicate a type of key needed by said remote receivers to
decrypt a corresponding one of said broadcast channel and said plurality of
broadcast channels, said type of key being selected from a group of keys
consisting of a static key, a common key and a specific key, said static key being
useful to encrypt and broadcast said service in said broadcast channel to selected
ones of said remote receivers which are configured perform decryption using
said static key, said common key being useful for decryption at all of said remote
receivers of each of said plurality of broadcast channels which were encrypted
using the same encryption scheme, and said specific key being useful for
decryption at all of said remote receivers of said broadcast channel when said

broadcast channel has been encrypted using a selected encryption scheme.

-
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segnent s %ﬁi'sng the nultiframe informati on need not be in continuous..
broadcast channel frames. The ACI 2 conprises bits to indi cREFURPS99Df a
nunber of 64 bit encyption keys is 5 pr56vi ded in the ADF2, as described
above. The ACI 2 can al so be provided with a service | abel, such as an

I nternational Standards Organization | abel (e.g, as an I SO Latin 1-Based
Sequence). The ADF2 conprises a start flag (SF) and a Segnent O fset and
Length Figld (£OnkthodSad RBiGad 66 sind b efu&herTbsmgﬁsihg fHeeE&;sagy 1 bit and
is set to a first value such as "1" if the ADF2 conpri'ses the first segnent -
of a nul i fransmettingqusihiory, daEh eeladipcSHRId serviee int gid @ﬁ;Yiar;r dexdepl of to

I ndi cate that 10 e contents.of t ADF2 is.an internedi ate segnment of a
i 411 ariSOtRBED Beadet el pviliary (e PRSPy plics SORETBIG HYY B nai cat e

whi ch of GﬁiliQxér i E‘?ﬁ& ' ﬁﬁp}‘l’ ided in the
ADF2 fielﬁﬁc%ghgr&iggcan ecEH\é_/iefsaeis1 S%ﬁggﬁ%%?rﬁstigff?xﬁ |ca'tt£n%alméh of the -
total nunhmiliapy del | frame segments is currenty being transmitted in the
ADF2. The second auxiliay data field ADF2 is useful, for exanple, to .
tansmt text nessages along with the radi o broadcast. 15 The tt nessages
can be di gpl aygd_o di spk Vi the,radio receivers 29..Wth

conti nuedﬂ?ef egeﬁ%:egj%%o”régﬁlégci%t gﬁé?&/ifggh o SPFer SHeatis SiB 85 so provided
Wi th i nf ofriini@hglaR RO Datdl Sylstegn RDSPPI estledbr frE\?aehE’f‘iﬂQd@!h@éd @Myice
conmponents within a broadcast channel frame at the radio receivers 29. The

SCH i s pr broadessting inrsaid suxitisey data f8dd of ssvic nprurelrhesdgriNgaid iauxiliatyo i ndi cat e

t he nunbe f servicg components {(e.Q., ;Service ¢ opnents 2 260 and 262
nCE o st R el e & B dndite pee s BRReD dach fielt “a bit
streamfr@cn'gi%rqsg_g)sagpngsqqggd@t a broadcast station 23. The nunber of service

conponent s c is preferably represented in the SCH using 3 bits.
Accordingly, in accordance with the preferred enbodi nent, a franme can have

i ght i ts,, | dding bits, that is, the paddi
Sor i oo cBmonAriBabed of SREPELIAHE 2} TERHB ST SUERPIL Bif anet or in

the SCH  JIAfarfsbibRe transmitted to said broadcast remote receivers on a primary

broadcast channel, and further comprising the steps of:

receiving a second service comprising at least one service component
selected from the group consisting of audio, data, static images, dynamic images,
paging signals, text, messages and panographic symbols, said second service being
transmitred 1o said remote receivers on a secondary broadcast channel;

generating a second broadcast channel bit stream frame by appending a
second service control header to said second service to dynamically control
reception of said second service at said remote receivers; and

providing bits in said service control header corresponding to said
primary broadcast channel to indicate to said remote receivers that said primary
broadcast channel is related to said secondary broadcast channel.

33. A method as claimed in claim 32, further comprising the steps of:

—_
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25 -further wodhgRd Wi th a Service Conponent Control Field, hereinafter ..
referred to as the SCG-, which conprises g ta for each corrpor?&?(&gﬁ’zﬁ?é SCH
The SCG- is preferably NNerr] x 32 bits in“length for each SCH As stated
above in connection with Fig: 14, each broadcast channel franme 100 can

conprise two or ) ' Wi | 3P | ch of a

plurality of dat g&ﬁ%&%g&%@gﬁg@%;zrbeme&{gh%;g@gea&;g £at§$2§gcgggﬁiorrpri ses

data for eaclbrearast clenfdl witlc anjdemifidation codeg efibisait dddmmifichiidratalet Being

dermul tipl exing of, the service conponents by the radi.qQ receivers 29. In

ot her words, OPHVéL]S(EPi uRHTs léﬁlfﬁq&}g“qsﬁ?n W@éi\?ﬁ-‘gé’r%i&ﬁ‘ifobf@mml n

accordance WcﬁﬂmteP&cPsr %@&599@%991&%%&;@1‘?&?@ Is the only part of the
I'C er ent.

SCH that is speci 0 eac Vi ce conpoh 34 TABLE 3 - SERVI CE

COVPONENT CONTROL ﬁENﬁl;Eg i@ lséhvita @Bntrol head@nsftshid( broadcast channel
Contents SC length . . . 4 . Bit rate of the service conponent
di vi ded byr &itby idgpdgation tade somependmg taspirdsegand broadastidipandC t ype

4 Type of service conmponent: 0000: MPEG coded audi o 0001: general
data (no specified format)

34. A method as claimed in claim 33, wherein a third broadcast channel is

transmitted which is related to said primary broadcast channel, and has an
identification code to uniquely identify said third broadcast channel, and further
comprising the steps of:
generating another said broadcast channel bir stream frame; and
modifying said service control header of said primary broadcast channel
to comprise said identification code corresponding to said third broadcast
channel to indicate that said third broadcast channel is related to said primary

broadcast channel in lieu of said secondary broadcast channel.

35. A method as claimed in claim 33, wherein a third broadcast channel is
transmitted which is also related to said primary broadcast channel, and has an
identificarion code to uniquely identify said third broadcast channel, and further
comprising the steps of:

generating another said broadcast channel bit stream frame; and

modifying said service control header of said secondary broadcast
channel to comprise said identification code corresponding to said third
broadcast channel to indicate that said third broadcast channel is also related to

said primary broadcast channel.

36. A method as claimed in claim 35, wherein said providing step further

comprises the steps of:

—_
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0100: JPEG- WFQZ %Fure (TBC) 0101: low bit rate video (H1263) 1111:

invalid data e U Encryption flag 1 0: NotPCINSPBB®E
servi ce conponent. 1: encrypted service 5(,5orrponent Note: |f Encryption -
Control =0, the encryption flag shall be ignored Programtype 15

Type of nusic, & a . Servi ce
conmponent | anguagﬁgifgm%o%ﬁ i aqgggl 1ce§,cmtr§}:hea§&bfgf éag%?ﬂ"éaé'g brogdessy servi ce
conponent Orch@ndl @6 Ghdicdé el shid g nﬁuﬁasraadcbﬁ dbahind] 3¢ £ pRimdrSbragdsiCe
conponent divi ded by 8000 bps. For exanp "O00Q(B)" s can represent a

SC | engt h ofchannel 8aviog brher hxmdcesttll@];lﬂS(rS)ltEdGbﬂemmésent a SC l ength of 16
X 8000 bps or 128 0 The BC J.ength fiel ort ant,.
demul tipleinrg atP" %‘g“?ggadg"& iSgigys §g'2‘§?c§l“ﬁ§? heﬁef E&WSPQH é&g‘é‘dof t he

servi ce conmg Gadcdsh @hladl Qnﬂesgﬁl' Yk b%&;daesfechaﬁnatéawan S besides
the size of thedtaflelds 270 (Fig. for determnin ere service
conponent s a-lehubminp wuthtshnd(pngimylbr@adbm Anot her f| eld provided in

each 32-bit SCCF is 10 the SC Type field which is al so preferably 4 bits
in Iength The SC Type field identifies the type of serw ce conponent. For

exanpl e, 01(R) omar i ce
portion 104 %9 a rr%entggtgﬁrﬁa\?#gﬁp%lg%g éé-c% au Qg% Pgss%g;nf nunber s
can be used g eﬁgiabﬁchFEc]ﬁwﬁeﬁmﬁdadoﬁ @otissdicc siid p@n‘my\brﬁﬁicﬁﬁmﬁﬁéltarﬁls being a

JPEG coded picture ow bit rate video, (e, g.,.CClTT 11263 standard vi deo)
i nval i d dat zsaid secondazy Broadesst chamngl do waiquglyodistinguish said primary broadcast

channel and said secondary broadcast channel from each other and among a

i
=t

plurality of broadcast channels received within a selected one of a plurality of

geographic areas.

38. A method as claimed in claim 37, further comprising the step of
providing at least one bit to said service control header of said primary broadcast
channel to indicate which of a plurality of different identification code types
corresponds to said geographic-specific identification codes, said plurality of
different identification code types corresponding to respective ones of said

plurality of geographic areas.

39. A method as claimed in claim 32, further comprising the step of assigning
identification codes to uniquely distinguish said primary broadcast channel and
said secondary broadcast channel from each other and among a plurality of
broadcast channels received within a local area, a regional area and worldwide,
and said providing step comprising the step of adding at least two bits to said
service control header of said primary broadcast channel to indicate which of a
plurality of different identification code types corresponds to said identification

codes, said type of code being selected from the group consisting of a local code,

————
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15 .by the req@dpEfs29) or other type of audio or data servi - bi
encryption flag is provided in the SCCF to;zndi cat e whet her Or%f%‘((?&;%/z?gé

particul ar service conponent has been encrypted. The SCCF for each service
conmponent is also provided with a Program Type fietd conprising bits 35
for identifyinge h&ﬁxfcmeuﬂfa RoAGGAM éoae,V\Aaithscsﬂt%dés&ﬁg%@efﬁp{mg& +bel ongs,
and a Language f d conprising bits to specify the nguage 1 n rch t he
program was pldmduf;edne ot saggr pavatiyspef bmaddamdhad&els frasisnaiaegbhe 2 grogiaphicspeech,
advertising for hanned prod cts and _servi ces, anpng otners Thus,  countries
whi ch ban ¢ heaifad¥ck Seet BesmIirasm s saellics HANPRGGHsHATPsientl cadg identiyisek t he 5

f he. br oad
Ctat ons 23 byng ORI ARGt IB6ELS LRSERN b BRIT, BhEe DAl 00
particul ar Pr egtiioly gogfaphicdreaQde tprédateaﬁmacifummgﬁdhstg edieagnt of

t he present inyention descrl bed with reference to FIgs 15 and Tabl es

1-3, each br osaid zenldstidnrede Yetngmsafub aﬂwasmshtsadlsmnééremmnndre t han
one service c onpone ts e wavef orm and
si gnal i ng 10 9 8‘?‘6‘& 658?53’&4@“%3)‘5’5 ‘fﬁ?’ﬁr‘ﬁgi“m‘?ﬁ g’m}gﬁt ageous for a

nunber of reasons. First, the services 261 transmtted fromdifferent
broadcast stations 23 need not be synchronized to the sane single bit rate
ref erence becdlOse éambthBRGs tlainpsdduichiel 38 wherihaidiprovidnghembbmprisdsat e

al i pgnnent on-pboard he s telli 25. Thus, roadcast stations 23 are

| ess conpl i catt%“dS‘ﬁPl E&ﬁ’é‘l’\gﬁ“@é‘l 5@@%@1%291%@&?%%&%%&%5%}6% with
the ability tger%;e@%ﬁ&@f REHOF AN £ S8 SRS A0UEE Sharlid pHI DI 1S O
each of the service conponents are nultiplexe , d across
an entire broadcast channel is related to said secondary broadcast channel.,

41. A method as claimed in claim 40, further comprising the steps of:

assigning each of said primary broadcast channel and said secondary
broadcast channel with an identification code, each said identification code being
operable to uniquely identify the corresponding one of said primary broadcast
channel and said secondary broadcast channel;

inserting said identification code corresponding to said secondary
broadcast channel into said auxiliary data field of said primary broadcast
channel; and

inserting said identification code corresponding to said primary broadcast

channel into said auxiliary data field of said secondary broadcast channel.

42, A method as claimed in claim 40, further comprising the step of inserting
broadcast channel identification data in said auxiliary data field which identifies

said secondary broadcast channel.
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frane 100vw@osnaead the service conponents over the entire frame 100. Thuys,
if a burst- error occurs, for exanple, aonly a snall portion FST/¥$823¥6yi ce
conponents are lost. As stated previ ousslsy, the SCH conprises four different
types of field groups, three of which have been previously described. The

auxiliary rvi ges j e, P [ 20: .C byte

st ream of ‘\??Sri a%l @%’%ﬁgﬁﬂ#ﬁ‘g{ F}gncétﬁﬁﬁg?’ ?ﬁ%r%?/n%n% (?q%ﬂa%g;lt 'B%/-a?‘gl%ist reamis
pr ef er abl yidentificaiiédn Hafd- dfrmpsides xnFdentifivaricly wade ¢o lwlighelp\identifiraiin i s a
serial byte st reag1 li?led for trands;rri,éti ng, auxilipary informtion. The dynam c
| abel s carseeeRAsry sadenast chonnely and) said insering sep semprigesydigeste® pur pose .

serial byt n: ot her wor RAMm.c 4 - Dyt e, qccurs_over the
entire br ogfd(?:egécggg] hsgir‘li ne‘f?‘ngté '%pgédédgﬁ %ﬁaﬁé dtl%%ggugo}aéd 55?%‘% ar

servi ce. Pefoadosaithhtnel friven 2fong 6 phadlitg Jf ¥peddchyy cRarfiielsarpaidalwithaisn t a
menu of services for display on a screen at the radio receivers 29. Thus,

t he dynani ¢selestedonspf @ phiralisyef geggraphégareasanot her net hod in accordance with -
the present invention to communicate with a radi o receiver outside the
service portion 104 of each broadcast frame 100, along with the auxiliary
data fiel dgg ADFh BalH-,¥daidRe ¢ u%ﬁsﬁwéeinﬁﬁa-auma@r @ith derd i egBy © detai | ed
illustration of the conponents 261, 264, 265 and 266 30 provided in the
servi ce | aybsaidofertiteacolntrohbeadst argbgidesetoRb@rdepionted hemdeFicgmptBes As shown i n

Fig. 15, hr oadgast .ch el consists of one or nore service conponents

iSnFIi c?t Sdag _ F‘Spngfryggé’iﬁﬁi ﬂﬂﬁfée’bmrﬁé%ﬁthﬁ§e!’ﬁ_ﬂ:cat ed at 274. ot

el ect ed servicg.¢ . , before a
§ I,B' @amt f 'ﬁ :gégsfbai’f&?vﬁﬂrf%mgﬁ §id ﬁ%ﬁx&é&g}e rxlfdgne%&f éZ@ 3

SCH 278 i s appended ervice I nformation.
of sald service control header and said second service control header is a

component of said primary broadcast channel; and |
setting said PS flag to a second value when said frame corresponding to
one of said service control header and said second service control header is a
component of said secondary broadcast channel, said remote receivers being
operable to use said PS flag to identify a received broadcast channel as one of a

primary broadcast channel and a secondary broadcast channel.

45. A method as claimed in claim 32, further comprising the steps of:
assigning each of said primary broadcast channel and said secondary
broadcast channel with an identification code, each said identification code being
operable to uniquely identify the corresponding one of said primary broadcast
channel and said secondary broadcast channel; and
providing said auxiliary data field corresponding to said primary
broadcast channel with an associated service pointer (ASP) corresponding to said

identification code of said secondary broadcast channel,

T —




connection w-wWodeduzg 1, the SCH 278 conprises a service pr eangcf 280. The -
SCH 278 conpri ses service conponent contro}, data 282, includin HRIRE3EP

field indicating the nunber of service conpgonents within a frame and the
service conmponent control field or SCCF. Service control data 284 generally

i ncludes the §CH f hele®od QERLIMEh ikign B wH&E‘ineI‘ﬂﬁb@BtdlﬂcaEPHHn%l ]
Finally, the SCH 278 provides auxiliary Servi ces 286 which include the

auxi l i ary dat eraninstrdd vADEH immelatadre saiddptiimeryr bamdasi zhathel,i eiddfurdi@rH and
ACl 2, respectively, as, well Zs the start flag and SCOLF corresponding to the
data fiel d ADFFUPH}LE It]ilea§‘§PS§ rvi ces 286 al so conprises the dynamc | abel

byte stream availghlepeind LhCaid bIBSCM et &Y R A0.R" g iilg means

to communicate wt receivers via several fra roadcast

channel, as i pr m{agybﬁi&:aﬂt&hwdkaﬁﬂm [ ary data field ADF2, vv| t h| n the SCHs
of two or nore broadcast channels, as is the case with the auxi |l iarw dat a
field ADF1, and acmedifymgsadsenvice conweldheader oftsaidiprimarysbroadcastcchannsl of t he

dynam c | abel byte sirea servi e |nfor tlon an the ded SCH i s
Stboequent 'y S amBRt SdoideRiERon ol SRSPOR Heprie (PR

generator or SeAARDIERIZE thRUGll Bdedt madcaéz%ﬁen xﬂémd% sm& rinh

preferably used to random ze the data of a broadcast channel The cranbl er
290 is pref er hidadcasseringal émliohefsad ss@ndanydbrosicen chamiebd. The scranbl er

‘produces a pseudorandom sequence that is bit-per-bit nodulo 2 added to the
broadcast channel franme sequence. The pseudorandom sequence preferably has

cath frame 100w Lh el %&mﬁﬁﬁ%ﬁ?ﬁfﬂgﬁsﬁﬂﬁ%@sﬁ a7 01D
first bit of &rahsmmied WHich FRls6 related 16 edid Bfadesneiaatels amd figte@duci bl e

random bit streamwhich is added to the oa cast bit streamat the
broadcast st atPBRESIDG theStens@®r to scranbl e or break- up stri ngs of bits

having a pattern of s or Q8 hi.ch GARIRURE-HoHRIN N et BckPEhO
said secondary broadcast channel; and
modifying said service control header of said secondary broadcast
channel to comprise said identification code corresponding to said third
broadcast channel to indicate that said third broadcast channel is aiso related to

said primary broadcast channel.

48. A method as claimed in claim 47, further comprising the step of
providing said service control header of said third broadcast channel with said

identification code corresponding to said primary broadcast channel.

49. A method as claimed in claim 48, wherein said providing step further
comprises the steps of:

providing a bit in said service control header of said primary broadcast
channel to indicate that said primary broadcast channel is 2 primary broadcast

channel and has other broadcast channels related thereto; and

—
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receiver 2%vd993@kd - The same reproducible randombit streamis added a
second time at the radio receivers 29 tq_essentially subtra®CTYR98E3595
stream fromthe received data. 25 60 Wth reference to Fig. 13, the
transport |ayer of the radio segnent 254 which is required to extract

synbol s from re%%‘)@gg'gt ﬁjlaetag}1 Shd G g%ﬁtr&f;ﬂaﬁ?%mgﬁéﬁ Zggnd. 94, and to

reconbi ne synbolfs I'n eir respectiv roadcas 2 5#fdi cat ed at
296, is desebhbas bleaddsi chaeadnaw 48 thirdhbidagcasd Ghanlel Ror Rdae ko t he
service |layer of the radio segnent 254 (Fig. 13), the service conponents
fromthe s&elgiienshipowith sad pomany brpadeastghanng. and the SCH 102 will 30  now
be described in connection with Fig. 17. The bit stream conprising nultiple
frames 100 is de-scranbled using a nodulo 2 scranbler 290 as descri bed

above in cgpnectd giecidd 43 cHlisted #P clalin 23Pproviding B d RERULAULARY Reshguence from
the incomng bit stream as indicated at 298. "The service control header

278 is 3th bén fox disptayeon pr display alevive avapested itoratoeast apeok eaidi ce
conponents that were encrypted at the broadcast stations 23, as indicated
at 300. As TSHEWIFAVSBYth Figs. 15 and 17. dynamic control is provided for
each service, as indicated at blocks 273 and 275 in Fig. 15 and bl ocks 301
and 303 in Fig. 17, to allow a service provider to selectively control the
content of 5the 3CHn2hdd b chiiled = clawar 36, wheremvissid prowdidgr sepn change

encryption control information_.in the SCH o frame-by- famg basis, or

even on a SEFIFFKEs 1At BN PRaviing o4 @@&%3&@%& pdigres fmsag, a

e oo AR cofth] RRBOGich i IOPURRED i a AlNFIP Wi Bnnclfliold®! O ADFY
least one of said remote receivers. '

52. A method as claimed in claim 50, wherein said bits comprise standard

sequence service label for display on said display device.

53. A method as claimed in claim 23, further comprising the step of
providing said auxiliary data field with data relating to said service for

reception at said remote receivers.

54. A method as claimed in claim 53, wherein said providing step
comprises the step of providing said auxiliary field content indicator in said
service control header with bits for indicating a method of encryption used on

the contents of said auxiliary data field.

55. A method as claimed in claim 54, further comprising the steps of:
generating a second broadcast channel bit stream frame by appending a
second service control header to one of said service and a second service, said

second service comprising at least one service component selected from the




correspondi ngy .afed fields (i.e., ACI1 for the ADF1l, and ACl 2, SF and ..
SOLF for the X@%’ﬂ stated previously, tgﬁ associ ation of aPPFUSAH3RS95 |
broadcast service with one or nore 10 seconhdary broadcast services can be
changed dynam cally, as can the transm ssion of nultiframe sequences of

I nformation ugj | el.d _ADF2, in dition:to _encr lon.contrql. The
transport | ayg}rorl]lgféolta lgfi'iﬁ !())g%]l?é"s} tdagaéétﬁggt‘m%eg’, d%nsam&gbrggéeé ﬁ%ﬁ“ﬁ%gg%éf’vi ce
llayer descri bestt,afewsges inf Opin6grapleln spiribldlsdistid skEondibdriicd @ontia] diegddtssed in
connection with Fig. 18. The transpoit |ayer of the broadcast segnent 250
pref erabl y codprirgiedlygensrolling recepriemof the egreespamsling 2me of said semvicsiandt i ons

| ines transpor |ayer 308 and an inner _tran t.layer 310.,The, out gr
transport | ayéfecgég seriee 5%53*%555‘930‘#%%?’5?‘310%% sF‘é’éﬁ?echt?Aiﬁfgriaﬂ er
transport | ay gjid $dBnd W%ice QBH46] FAHECmbeifAE o stad BNk ihdliiting3fhehnC! udes

all functionalies necessary for transm sSion over comrunicatioh |ines.

W thin the tr sadpoxiiatyadaes field ihreacdebsiid sdroie ebntiral lpmdéreamalodayd ssvonded f or
forward error cofrecti%( -EC) usi.ng.co catfenat ed Reed- ?o onon, encodi ng and
20 i nt er | eaviesgice santreldieadar agensaf@bintalitye! ssgmenis ip 3 maltisame signal; hei ng

dernmul ti pl exed int | .gﬂﬁ I [ | r | yvalent to 16
kil obirs per secongﬁtgéétgggétl ng g?gtsﬁggéé&gggﬁtéé eeéa%r Saaﬁ:rgts?ﬁ%é%ﬁgl S
transmtted asid apfiliirocdeofidld dasidsdrvich abmed] atevaeoné b ieUfigt of sddspor t

| ayer 306 and the inper transport |ayer 310, as shown in Fig. 18. Fig. 19

i | lustrates tbegmsnts in sddnmplifemsssgnabyandn en Jodependang sspment whear ng06, as
wel |l as the 25 ,.bit stream processed by the inner transport |ayer 310. The
br oadcast cha%ﬁ‘gﬁ%aﬁf@g’f’ﬁgzﬂgi me rate channels 318 are preferably

derived fromthe sgaBndosk shRfBESAGRId ebbid Rvibeesin 2 MR e edbhd and
interleaving are preferably synChronized with the SCR The prine rate

channel s of avilreadeastidehshay dagr feld i sad abivice comeoldheaddrionhe st iich t hat
e ozt on o e e CPeBlgathl & 0Pl be, B8V RS LR

service control header is another one of said segments in said multiframe signal,

wherein said frame corresponding to said service need not be contiguous to said

frame correspondirig to said second service.

56. A method as claimed in claim 55, further comprising the step of
providing each of said service control header and said second service control
header with a segment offset and length field (SOLF), satd SOLF comprising bits

relating to how many of szid segments constitute said multiframe signal.

57. A method as claimed in claim 56, wherein said step of providing said
SOLF comprises the step of setting said SOLF to N-t when said start flag is set
to said first value wherein N is the total number of said segments that constitute

said multiframe signal,

58. A method as claimed in claim 55, further comprising the steps of :

Ll
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30 pr ea Illustrated in Fig. 4. 38 The Reed- Sol onon (255, 223)
encodi ng g@é%aa&?%rned at the broadcast6ztstations 23 (e.g., BOHUBA3BY 3)
is preferably perforned in terns of 8 bit synbols and used as the outer

code of the concatenated codi ng process. The code generator polynomal is

preferably: whese.a.i Shietk loppd) dihng Is
perfornmed usi n?e'flﬁtgu%%gi S 1%ro?%craér:r](&Eggﬁe‘%ﬁg%‘#nifg“?%tbgr?%g%‘%gas: [err]
bei ng t he thrdisesi@ohtroblhdadeli do drviiB)saidwhisice shidgesdndrsetviar ad Hehigdef fi cients

of [err], respectively. [err] 15 The code is systematic, that is, the first’
223 synbol ereces stifthirds ssFvies cemprgRp oF deastppne sérvise componant salested i r st

nmbol i ' ' i.ated s the | agt nmbol t .. The 32
het symborenaps BrE Reai ot i sty SR PPy PEHE SRRy, PAGHS 11 1o
symbol in g, i&t,mﬁgés%%aﬂb%xbpm{: SymbolsaidithiRd s@¥ice 2i86] hdadex[ €rr] . 20
A block Interleaver, wth a"depth of preferably 4 Reed-Sol onon (RS) bl ocks,

i s used asdydami¢allyephwalliog r&eptiomof tke cosrespershng eseod siid geryicecmel. RS

codi ng 314 and, i nterl eavi 314. are . . . .
g second service and a thitd Service at said remote receivers, each of said service

control header, said second service control header and said third service
control header comprising a start flag for indicating when said auxiliary data
field corresponding thereto is a segment in a multiframe signal; and

providing each of said service control header, said second service control
header and said third service control header with a segment offset and length
field (SOLF), said SOLF comprising bits to relating to how many of said

segments constitute said multiframe signal.

59. A method as claimed in claim 58, further comprising the step of setting
said SOLF in said service control header to N-1 when said start flag therein is set
to said first value, N corresponding to the total number of said segments that

constitute said multiframe signal.

60. A method as claimed in claim 59, further comprising the step of setting
said SOLF in said second service control header to N - (N-1) when said start flag

therein is set to said second value.

61. A method as claimed in claim 60, further comprising the step of setting
said SOLF in said third service control header to N - (N-2) when said start flag
therein is set to said second value and said frame comprising said third service
control header is transmitted after said frame comprising said second service

control header.

gy,
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preferably asybebh@gse: Assuming that Sy(m is the mth 8 bit iéﬁn%h I%gggg
892 synbols 320 to be RS encoded, as showyg{n Fig. 20, the RS i

performed on the following 4 sets of 223 symbols, as 25 indicated at 322

in Fig. 20. Set 1: Sy(1), Sy(5), Sy(9), ..., Sy(1+4*m, ..., Sy(889); m
fromO to 222 Set 2: Sy(2), Sy(6), Sy(10), ..., Sy(2+4*m), ..., Sy(890); m
from0O to 222 Set 3: Sy(3), Sy(7), Sy(1l1), ..., Sy(3+4*m, ..., Sy(891); m

fromO to 222%62et mméﬂyqdlas clﬁ;nénﬂbn,clﬁp(smﬁunher comﬁx;l(iﬂgdﬁsu@p;of , Sy(892);
in fromO to 222 30 '

IS ingreased h foIIovang 32
synbol's (8 bit) ongP%faﬂmaaBVE&z@é ames F%P’&%%GH%PP §2£1{r5§zevf sgyieesind 330

Fi 20. 2 , R(35),
T Reay e ot ey i yesdnd seppice il in Sy okl Sl ol 50
R(98), R(99),and respdafri2dhesof ar plusityy of t hervizet qontrod yrehddrs,séackash &P has the
foll ow ng content, as shown in Fig, 5 20,, Sy(1), Sy(cfa) Sy(3)

[Sy( 8 ]92) R( 1)l 939;{ swss§0f3§1 dlrrder%wﬂmm wmbw? 2 field argrrfm fﬁ)
err .. rom us e
protected br ?g ngt’ ‘g‘ﬁ?ﬁﬁge é’ﬂ’éﬁ ah’é‘@é’i)yvg%m 1%5% %arfegp%%cim%%é%rem B %roadcast

channel 316 dyemb® {ReSHalkiframe signal;

serting said SOLF in said service control header to N-1 when said start

flag therein is set to said first value, N corresponding to the total number of said
segments that constitute said multiframe signal;

setting said SOLF in said second service control header, said third service
control header and each of said plurality of service control headers to 1, 2, 3,
4..N-1, respectively when said corresponding start flag is set to said second value
to indicate which of said N segments in said multiframe signal said auxiliary data
field corresponds.

63. A signal comprising broadcast information embodied in a carrier wave
for broadcast transmission to remote receivers, said signal comprising a
broadcast channel bit stream frame generated by appending a service control
header 1o a service, sald service comprising at least one service component
selected from the group consisting of audio, data, static images, dynamic
images, paging signals, text, messages and panographic symbols, said service
control header comprising service control data for dynamically controlling
reception of said service at said remote receivers on a broadcast channel, said
service control header comprising service control header data selected from the
group consisting of a preamble indicating the beginning of said frame, a bit
rate index indicating the bit rate of said service, encryption control data, an

auxiliary data field, an auxiliary field content indicator relating to the content

A



Sol onon 1 eguRels as indicated at 334 in Fig. 19. The first bit of Sy(1)
is preferagﬂ@y theésfi rst bit of the Servi Preanbl e (Tabl e PFTOISIBRISS )
broadcast channel. 10 Wth regard to the interleaving 314
performed in the outer transport |ayer 306 at the broadcast stations 23, a
Viterbi co b Wt r . - = . .ndicated.+n Fig. 21, is
pr ef er abl ygyﬁgié%ta{é%ﬁ?ﬁe&%%%frd’ g(% eé%fzmgﬁg IcZ:R(%}r?ca eéﬁg’?esg%c'ﬂul'lﬁgyp tess of the
outer tranfigldrwhemyeid A0@liaryiargek) &t arulislexedorind| dataifdigaring 84 1001
binary (B) and g, .= 101011 (B) Each block 336 in Fig. 21 represents a

singl e bi t neapesy of seTifeccompansaisswhichi eenstiEnte tsaig3braadepstchamnadrhier 340 i 5
are i npl en&péa%if h that the output of the encoder depicted in Fig. 21 is
pref erabl y™ 0, an%}b?'err] For every input bit a synbol is preferably
generated with the switch "Sw' in position | and then in position 2. The
Viterbi encoder 342 depicted in Fig. 18 generates bit streans which are
subsequent 64 dedusignab kesleithednin chémiGInmheteinaspmnd bire tanndlHsit

demul ti pl exer 344 ref%ﬂ}plég di,vi des 20 encoded giloa cast chanpels into
prime rat eSEFREh Hefleray PeRAIAER $58RY, SERVICe ConErob heagden 3P a,160nds shown i n

Fig. 22. Vdrbick ehRT SB6RI Ledvifd &)bm%gsin% be]eRé UrRGh AR t a@&@‘ﬁe' frame
conprises a total of n x 8160 bits, tThat 1s, n x 713 I'ts 1§or t he
broadcast freanthel group dorisidfidg bf aedid,odarBaentic ifabandynansidimdgescpagiag | ndi cat ed
at 346 in Eig., 22. For the p{grposes qQf denul tipl exing, synbols gil), S(2)
and so on é!géalf’vﬁigbi’flesé%gﬁbé‘ll PRRQEFIRHE SFESQ nEVa SEC 188 1COBHRhNnel . 25

S(1) i 4 fi | i [ .the firkst i
Chth Channipdlel Botplihe kirile SHERP xR kRGN Cofioflidd feckbidh PT|TE
t he cont enbf gfid kétent tsefvide®® siidtremobfudeivedis oL séednd bBoadeAdr, chahel2* n), . . .,

Sbi p>Fn), ..., S(i+8159*n), with p fromO to 8159, as indicated at 350 in
Fig. 22. Teradsermirdsantrot headaennd said senoaficseriteycansral iheprgrrecompriismeg n pri me

channel s. Fe JUTher, OfL0h! 51 LEPBb iR FRR: SRG0HR7B 989535 roadcas:

channel is a primary broadcast channel and a secondary broadcast channel

(D

related to said primary broadcast channel.

65. A signal as claimed in claim 63, wherein service control header and said
second service control header each comprise data identifying one of local
reception, regional reception and worldwide reception for said broadcast

channel and said second broadcast channel, respectively.

66. A signal as claimed in claim 63, wherein a second broadcast channe] bit
stream is generated by appending a second service control header to a second
service, said second service comprising at least one service component selected
from the group consisting of audio, data, static images, dynamic images, paging
signals, text, messages and panographic symbols, said second service control
header comprising service control data for dynanﬁcally controlling reception

of said second service at said remote receivers on a second broadcast channel,




30 .channel g | in each prine rate channel is preferably 16,320 bits
per frane per?%/g&b/%ﬁsgs prime rate channels are then each provi d EFTHOB23595
prinme rate channel preanble, as indicated at” 352 in Fig. 18. The prinme rate
channel preanbles within a broadcast channel are all preferably tine
coincident. T | [ channel; pne l,e nath i referably. 96 bits or
48 synbol s, agﬁd Q&ng(ﬁ%%%fai bf?é régg\‘;%dis%c%glg A ﬁ%vgﬁe?c %trv%%{l%d% §9m5?1¥1‘?ﬁ@ prime
rate channel _Bn"aﬁaﬂb%Qn&iadtwg_ﬁ%ﬁerprsﬁﬁeé@uw—{l&&i%@%@d REXAUPGERRMe) , W L
the nost significant bit being the first transmtted bit. The prine rate
channel pr eanisbrirpk hpadst andbiaid eesopdsservied conwok digaderiare seginautsdimta 48 bit
sequence on both.the |.and the cQ nent,s, of, t:h nogul atipn 86 (Fig.
3). 5 "Ql\f%ﬁ“é‘e 6’58%1&?‘{1 édeg?%%?t a‘“gﬁlﬁ%glﬁefdsgﬁgtl%) éﬁ‘%}cﬁ%ﬁ g?wa dumy
br oadcast cham&,d'fgaiars adohsiranchal Sl Wdrhd deddle | nner transport | ayer
310. The dummy priotected broadcast channel has the same bit rate and the
sane frane period as the broadcast channel it replaces. The dunmy protected

br oadcast chﬁg el incl ug(gf 0ge‘gseuclora dom sequence. and a SCHIlimted to a
service prea A THRAERY | CIBREDE hr}P?r STUSHRR 9 FFBAWIRIVES. The
pseudor andom Lse.created using a generator such as the PRS
gener at or 290%‘5‘8?@?%%%%*% 16, as well as using the sane generator

pol ynomi al descri begteRh@\ieoaddast shaimell fpsra\at deasd ohe Brosdcae takioing adchosfs | i nes
transport |ayer 308 s preferably transparent to the protected broadcast
channel di gi t stidfhspadsest clringls|capprisivga plarslisy of prime tmekasnelsnedsbtafeen t he

I nner and out %d&;?i%{‘es t%rchaﬁn%%&%})%}igggg ur‘:’l(i)r?r’ofrs}(raxiga(s:;t i vely, which can be

routing each of said plurality of prime rate channels to at least one of a
plurality of time division multiplexed downlinks, each of said plurality of time
division multiplexed downlinks comprising a plurality of time slots;

multiplexing said symbols corresponding to each of said prime rate
channels and routed to the same one of said plurality of time division
multiplexed downlinks into said time slots in said same downlinks to generate a
corresponding plurality of serial, time division multiplexed or TDM frame bit
streams; and

appending a time slot control word to each of said TDM frame bit
streams to contro] the recovery of said prime rate channels corresponding to a
selected one of said broadcast channels by at least one of said remote receivers,
said ttme slot control word comprising at least one field selected from the group
consisting of a broadcast channel identifier type field, a broadcast channel
identifier number field, a last prime rate channel flag, a format identifier field,

and a broadcast audience field.

68. A method as claimed in claim 67, wherein said time slot control word

comprises said broadcast channel identifier type field and said appending step

—_—
—_———
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15 | ocat.-g\ﬂ I n gﬁgar ate sites. Accordingly, the comrunications |ines -
transport YOY¥#938%8 can incl ude comunj cations |ines. The REEPSIYAMSpor t
| ayer 306 is used to protect a signal omerrors comng fromthe '

communi cations lines. If errors issued fromthe communi cations |lines are
NUNer ous, reater .l evel of protegtion.i ssible. For e le, the

pr ot ect ed @F‘gfﬁrdf:"égﬁméﬁ%gfpe RTH gofaé‘%?’é%%ﬁ tﬁhﬁ%g?‘{eﬁﬁéaegg@% or the
recei ved mig SARCiDIARTGES hiC k8 RAlcalA Wil ofbe HapdinPOLD Bfferdge 0ded and
corrected, and then Reed-Sol onon encoded prior to reaching the inner

transport identificaiddi0 codes typee \cormaspondsl ee cmidbsetictedhenes pf t eatd Tlorogicashe present

I nvention gonpri se, pt.oce m sgion and a transparent m,ssion. The

transport eﬂs,éﬂﬁtﬂera@%agggfeméé Hca%bc%ée Wépf?%fﬁ%m *Si ssion

pref er abl yre%%%&%?&% " 8 eogggm&q}eag.r ansport layer and the space 25
[ayer proceésse

segnent transpor m ssion. Much of the re-alignnent
of the broadcast signals (Le., the rate alignnent of franes on-board the

satellite 25), however, is_not, necessary. in,the transparent m ssion because
al | of thebdroalicmethod s shimed it elatm 68 Fhgreim said RpBeAding: b. Thus,

' diff I | i fi. | I st.
The t  anspBIEoREy B B1P O ek in i 38300 ke ALALARA aprdy NoL, O 77

wi Il now bg30:. wHER6f i PRealicf BE diFRAGR idaeifBiion! dodB SRS totraynds esei ves
prinme rate channels fromthe” broadcast stations 23, as indicated at 354 in

Fig. 13. Thad xleadcatiogrode of sahseteored dngyadsaid thepadeasirohapnelp saiditgpe t o

| 356, ,is jllustrated in Fig. .23. d i bed .ab in
Qonnect i onousak Heing selpcied oL e e FRINHERG ObF IO L Eea R FERORRPRr 1o bei ng
routed intg, @, $RI-AiEA ARG 13K RBAEBAAE useful to uniquely identify one of a

plurality of broadcast channels transmitted to a geographic area by a spot beam

from a satellite transmitter, said regional code identifying one of a plurality of
broadcast channels transmitted to one of a prédetermi_ned contiguous geographic
area and predetermined non-contiguous geographic areas, said worldwide code
being useful to distinguish said second broadcast channe} from other ones of a

plurality of broadcast channels transmitted worldwide.

70. A method as claimed in claim 67, further comprising the step of assigning
an identification code to uniquely distinguish said selected one of said broadcast
channels from among a plurality of broadcast channels received within a selected

one of a plurality of geographic areas.

71. A method as claimed in claim 70, further comprising the step of
providing at least one bit to said time slot control word to indicate which of a
plurality of different identification code types corresponds to said identification
code of said selected one of said broadcast channels, said plurality of different




41 mul ti pl exegof RfagisgMe di vi si on mul tiplex downlink transm ssi ate -
al i gnnment procé;ss |6§s i ndi cat ed generally t 356 in Fig. 23. Tﬁﬁ&%‘ﬁ’??ﬁs‘ﬁg

and routing performed on-board the satelqlte and descri bed above in
connection with Fig. 8 is indicated at 358 and the tinme division nmultipleg
at 360. A ti 60k n%@?g i i sion
mul ti pl exed g&ﬁg‘?&%ﬁﬁwpﬁc{quggggﬁpﬁ#othe tso;gég g%%gﬁét nggsl%{\lféqﬁt}ﬂbrﬁe tinme
sl ot control gebgraplet afedsSCC) wi || be described in riore detail bel ow. The
mul tiplex prine rate channels and the TSCC 362 are scranbl ed, as indicated
at 364, prior to having a master frane preanbl e appended thereto, as

d d 66, '
Irgclef\?te(ras gg ﬁThe %{1 éo?rngxlﬁﬁ% ﬁr§£l S pr @gﬁgﬁ%@g@k&'}ﬁ csagg%n as shown
in Fig. 24. Tbebimsitat tfamﬁ&sxbnecaniahﬁté SeckiVers, Pii &f@ﬁbkdrrl%naidgs or 96

synbols in length. The tinme slot_ control channel preferably includes 4224
bits. The symwlofmpblrdm'gtrfmc divisien sunlyiplerest dewnbnkqae@d aompexs@stem lite 25

and descri bed;abgve i.n.connecti o WI t h w,y b strated using
Fig. 25. Rat é’l’éﬁaf Ao 80%18555 r‘l%%'be’m\gféWhe’ﬁﬁg fi % r ecei ved
from br 03dcas&ro§&c§§t'cﬂ%§ne¥s3fr5ﬁ z&%:ls?ﬁﬂe BFHadEdsf‘Ra:lén rotted f:&ér%c gclP6f ween the

bit rate reference for the various broadcast stations 23 and the satellite
TDM rat e ref endrireadcisrechamtals edrprisiegia pprralivyssf primedatachagetdy sadbechiuse it
elimnates the need to synchronize.all broadcasf st tlons 23 tp a single
bit rate ref SaidrRrame THE<Lhapnels copRERRg symabels BKSSIER seogswdw sing | ess

compl | cat ed ool ATRR'-, A RAL SO B LulWRE SASLy ANITAGH dghove |0

connectl on e ra rocess con usti ng

the 20 | engtﬁhxq;fmhn@lmd msﬁahmcdtm B@ﬂresl@bﬁdx hBerto ﬁdgidn@ﬁu:@a b¢xﬁa1
wi thdrawing a bit, or perform ng neither the adding or _wthdraw ng of a
bit, at the bime Wivisign onuliplexed B0 fmmePRE stieams spidafPM  frame bnt

stream comprising a time slot control word to control the recovery of said

prime rate channels corresponding to a selected one of said broadcast channels
by at least one of said remote receivers, said time slot control word comprising
at least one field selected from the group consisting of a broadcast channel
identifier type field for indicating a respective one of a plurality of geographic
areas of reception for said broadcast channels, a broadcast channel identifier
number field, a last prime rate channel flag, a format identifier field, and a

broadcast audience field.

NER A



368 depicts when no | ag exists between the satellite bit rate reference and
that of the bwoadgsss station 23 transmtting the received pripganishgasdst
channel or PRC bit stream The PRC bit streamindicated at 370 illuscrates
the insertion of a 0 into a preanble, resulting in a 49 synbol 25

preanble to correct for when the broadcast station bit rate reference |ags
behind that of the satellite by one synbol. 'Wen the satellite bit rate
reference | ags behind that of the broadcast statiqn by one synbol, a 0 is
renoved froma 48 synbol PRC preanblp/?zesulting in a 47-synbol preanbl e,
as indicated at 372. Wth continued rererence to Fig. 23, the TSCC 362
preferably conprises a TDM 30 identifier 374! and a ti/g
376 for each of the tinme slots 1 through 96. Thg%T'F“ﬁmmﬁ
Fig. 26. The TSCC nultiplex 362 preferably conprr¥sys
per synbol. The TDMidentifier 374 and the tine sl aﬂg ol word or TSCW
376 for each of the 96 time slots are preferably 18 r*QQ ong each. The
TSCC mul tiplex 362 furither conprises 42 a set pf 2327bits which
constitute a round-off sequence 378. The round-off|sequy&nce 378 _conpri ses
Os for the odd bits andNi s for the even biss. The ﬁing bit tha&is
transmtted is preferaplry the nost significant bitsahd is al so & 1. The
time slot control wordNor each of the 96 ti eanpri sesg el ds, as
indicated in Table 4. M™ABLE 4 - TIME SLOT CQX¥ i
Field name Lengt

slot control word
is depicted in
synbol s of 8 bits

-
-
-



(bit) Br oadca Oé;;ﬁ el BCI D type 2 00: Lo WE
| dentifier 363 . 01: Regi onal C‘% 1595

Wor | dwi de BCI D 10: Extension to Wrldw de BCI D BCl D nunber
000000000: Reserved for unused channels 111111111: Reserved for Test

Channel Last Prine Rate 1 0: Not last Prine Rate Channel of the
Channel fl ag Broadcast Channel 1: Last Prine Rate Channel
of the Broadcast Channel Format identified 2° 00: WorldStar 1 el se:
'RFU Broadcast Audi ence 1 0: Publicypapdience 1: Private audience
Reserved 1 RFUJ Each broadcast channel is preferably

I dentified by a unique broadcast channel identifier (BC D) which is

conposed of a BC]] type and a BClI D number. BClIEetypes preferably include a
| ocal BCID, a regiona @J:nu_‘a‘,?;/\pxl‘l~ dg@i[de BCI D] and an extersion {o P
wor | dwi de 10  BERD. A $eE!|dE desBOED |i ndkcat =gth_gt53he._BC]Df0' Flrate S5
particul ar broadcast. ehanpdljs gl @ fdar e ary | b 1M Larl nul t | B exed &
. ~y -Qd () . =<
streamin any gedgl apER ¢ £egE0oR Erandy §183 %@g dniquel s & 8 S
identifies that |p3rid culfar|BoFlgasT hange& CRUEEE-Rad=1 PED ket =d
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wor | d and;%ﬁg i me division nmultiplex carrier on any downlink beamm. As
stated previou ﬁfs each satellite 25 is preferably confi gur BT U8¥338¥s i t
signals on three downlink beans, each of 15 which has two differently
pol ari zed TDM carriers, as discussed below. A regional BCODis valid for a
speci fi c geographic region such that the sane BCI D can be used to uniquely
I denti fy anot her broadcast channel in another geographic region. A regional
BCIDis valid on any TDM downlink in that particular region. A local BCID
is valid for only a particular TDM cargyey in a 43 particul ar region.
Thus, the sanme BCID can be us anot her beam w t hin the=ane geographic
region or in another regi tlo igentify other broadcast ch&fingfs., Wth
continued reference to Tabl e 5;,_@ content of the TDM i dent1 1
includes a region identifier |awd=a|TDM nunber. T Te regi oh i
uniquely identifies the region o84 5 received IDMbit sir|
one region can be the geographi

or 2xanpl e,
region serviced by the dojwnktnk of "a first

satellite which has verage oyer migh gf the rican comt) net. [Thejregion
deminie can i b Pl Tor Vadee i o o Ll 16
e Y S S R e B S A FARI Wt
even TDM nunbers N %Tgrol rTAeT [|ECPT [[504) TS
| DENTI FI ER Fi el g ng g (E‘u@ d|Ed (ks e%sé
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ferr] Eac |l . is interpreted as: [err] being-the MSB, where the uferr]
are the c3¥§¥§g§@ﬁts of [err], respectively. [err] 5 The RECTEIPBHIA code
is systematic in that the first -223 synbols, conposing the TSCC rnultipl ex
are the informati on synbols prior to encoding. The first synbol in tine is
associated with [err], and the last synbol with [err] The 32 | ast synbols
are the redundancy synbols follow ng encoding. The first synbol intine is
" associated-with [err], and the last synbol 10 - with . No interleaving is
applied prior to Viterbi encoding 3825/4, depicted in Fig. 23. Prior to
Viterbi encoding, a roungsg set of 72 ts is added follow ng the
Reed- Sol onon bl ock of 25¢ round-of f set conprises al
odd bits at "0" and all \ irgh bit to be transmtted
is the MBB, that is, a "1". AT enco it R=1/2 and k-7 is 15
used with the sane characteris - as descr™Bed above in connection with
Viterbi encoding at the ---- broadcast statjgns 23. Viterbi encoding is
synchroni zed to the Mast Fra that the first bit follow ng
t he Master Frane Preanbl f~rs—tFe~ Ned fromthe Viterbi encoder,
which is affected by theNfirst hit coded data. During
initialization of the Vitefb akes place before the first-
bit of the multiplex bit sfirea ¢ Master 20 Frame Preanbl e,
the registers within thexViter jet to zero. As indicated in
bl ock 366 of Fig. 23, a Tasgter|ff? is inserted in the serial

f
N

synbol TDM stream The nEs=S—it ==an e ¥ises a uni que word and
is preferably conposed(o the gamg ti sxgqgro ¥zed 96-bit sequence on
both the | and Q conponeft s Sf= EE—B 3
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t he QPSK nodyl at ed gnal s. The scrambling process (bl ock 364

i npl enent ed u‘gpﬁ?fmﬁg PRS generator 384 depicted in Fig. Z?C?‘g@?g%g%sm ze
.the data in a TDM carrier. |he scranbler 384 produces a pseudorandom
sequence which is preferably snbol -per-dynbol space-nodulo 2 added to the
TDM frame sequence. A synbol of the pseudorandom sequence i s conposed - of
two successive bits comng from descranbl er 384. The pseudorandom sequence
can have a generator polynom al such as [err] 1. The pseudorandom seqguence
can be initialized at 30 each franme wt yfval ue such as

-11111111111(bi nary) ;which is applied to the first bit of the-1 conponent
follow ng the naste& franme preanble. 45 The transport | ayer_of Yhe radio

segnent 254 is depizst-es{iA JFi[§s.] 48a Jafd=A8f.—The radi o[sedmert |t riansport
| aver receives thegDM nestlen ehr b Chjl ggk 386] <frjomttle physi cal
| ayer of the radi otrecei|wer| 29> ns f or med~at| ke ftransport
| ayer are essential thelinverse for in the! 4pack {segnent
(Fig. 23) and the braoadgast] 4ey [ 3} Fol | owi g {dés|cr anbl i ng
(388), data fromthe E qelsjatic el [(390) is|ubgd|tb Jident and
select TDMtinme sl @s=pdl ongi|ng bi opeigast-ehanriell {d wiieh the
radi o receiver is ned. ift er (tbl ogk|{392) iis! Used|tlo fenove
t he encodi ng perforaateﬁc bpar d tlet apd descrlgbfa e£b{')v§ n
connection with bl GCksB&R ! | ~EFii & } P Reed- Sgl pApR décoder
(bl ock 394) decodes tTe jes =56 fsppard t he Srft and
described in |0 conne \@ i@ Fig. 23. EE TI@I fipe slots
bel onging to a sqL,e\\ct ed :: C(TS T = =3
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channel ar emul tiplexed to obtain the prinme rate chap

i ndi cat ed v?(ﬁgsﬂ%g@ﬁ 396. The denmultiplexing is illustrated Wﬁ}%ﬁ’ﬁggﬁw and
296 in Fig. 13, as well as being described in connection with Fig. 10. Wth
reference to bl ocks 398 and bl ocks 400 in Fig. 28b, the prime rate channel s
are rate-aligned using the headers of the individual prine rate channels,
as described 15 above in connection with Fig. 11. Followng prine rate
channel synchronization and re- nultiplexng (bl'ock 402) Viterbi decoding
(bl ock 404) is performed to'renmove thgggcoding performed in the transport

| ayer of the broadca® segnent and described in connection with bl ock 342
in Fig. 18. The sy@bets are subsequently de-interleaved (bl ock 406) and
decoded usi ng a ReedzSol onon decoder (block 408), which is the reverse
processi ng of the & Tadcast 20 channel s perfornmed in the outer transport

| ayer 306 of the byp@gcast segnent to obtain the broadcast channel. Thus, a
received tine divisg eﬂwti plexed bit streamis desgranbled to correct for

I
errors in the TDM%"'"sm_m on, decodpd to recoveE Ehesbroadcast channel
and then descranbled cdergct for bfoadcast ERAgangd terrors. Wiile cermain
advant ageous enbodi mentjsshavg been chpsen to ill g&t £ the invention, it
25 will be understpogd %@I‘ose skilled in the ar hat various changes
and nodi fications céh heengig-d-herei nj wi t hout depafnting fromthe scope of
the invention as defingds & tihe gppenfled clainms. &3 Wiat is Cained is: 1.
A nethod of formatting g=si grlal flor bfoadcast tr%&m’ssion to renote
receivers conprigsj &y, the—stegs | [
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‘receiving a ‘%%éb/%%ﬁé:onp” sing at least a first service corrpog&gbs%%g&t ed-

fromthe group consisting of audio, data, static inages, dyna

pagi ng signals, text, messages and panographi c synbols; and generating a

br oadcast channel bit streamframe by appendi ng a‘service control header to
said service to dynamcally control reception of said service at said
renote receivers, said service control header conprising service control
data; wherein said service conprises an overall bit rate of K bits per
second, said overall bit rate,cor&espondi to Itiples of a m ninmum bit
rate of L bits per secend, ggd fg;éevp@gd bggguM seconds, said service

having n x L x M=n mr rege, psaid franme corrprlsmgnbelts
for said service and— b.ts\L a\l\"l se e control header, wherein K,
n, L, M Pand Qare nu@rigl Ry '% ,\r%sbe tively. 2. A met hod as
claimed in claim1, fyurggr Q_gr@i 8-$t ¢p of providing said service
control header with f{r& sg_ﬁ\,ice,§ npohghy gontrol data for dynam cally
controlling the receptgm¢gt—Jabd-tijr<t r=efvilce conponent at said renote
recei vers. 3. A method as=dl—ijned | gd ai M 2, wherein said service
conprises a second sefvize|&rnpordnt] ahe 1 rgr conpri si n&the step of
provi ding said service &8ntBl~gaBer ~q £h @hd service cgpponent contr ol
data for dynam call yJaoﬁroHtl @ reCdgt | 8N i d second s&dvi ce conponent
at said renote recei \érg 4= A t hop=n$ o gijmed in clai M3, wherein at
| east one of said first_ser Vige |2 0
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conponent ata and sai d second service conponent control data A7
conpri ses g?BFge/gdssfgone of a plurality of fields conprising &I&PRRES
conponent length field, a service conponent type field, an encryption
field, a programtype field and a | anguage field, wherein said service
component length field indicates the bit rate of the correspondi ng one of
said first service conponent and said second service conponent, said

servi ce conponent type field indicates which of "a plurality of signals is
contained M the correspondi ng one of gapg first service conponent and said
second servi ce conpongfts =eencryption field indicates which of a
plurality of encryptian methodq is used to encrypt the correspondi ng one of
said first service conpogers anfd sai d second servi ce conponent, said
programtype field indi cZEgE wh ' f prograns is
transmtted via the corr§§ﬁﬁhdingronenn1_saLd_LL;s service c onent and
sai d second service cgnponent, anp | age,;fleld indicat I n which
ong pf said firsty service
conponent and sai d second servi cej rated. 5. A nmet hod as
claimed in claim4, further conpri =provi di ng &Wclservice
conponent length field with n bitk{to n&icafje shif8 bit rate t he

correspondi ng one of said fikst SF Vi ce conp nengggnd sai d second service
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conponent sa‘%@,}sﬁgsate being a multiple nunber of mbits per#ﬁﬁ%%f?st -
"t

wherein 1 < sard nmultiple nunber < 2", mbits per second is a

rate, n and mare nunerical values, and the contents of said service
conponent length field is a binary nunbér having a“deci mal val ue between 0
and 2" corresponding to said nmultiple nunber. 6 A nmethod as clainmed in
claimb5, further conprising the steps of: receiving said franme at said
renote receivers; and denultiplexing the correspondi ng one of said first
servi ce conponent and said second servi cgQ£@fponent fromsaid frane using

sai d service conponent |length field. 7. o 23A-method as clained in claim
5, wherein n 4 bits and m= 8000 bits per &&nd. 8. A net hod as
claimed in claim4, further conprising theS&Rpsof prgxid'.qg +—d service
conponent type field with one of a pIuraIi%yegﬁgyaLuE§§c0'responding to
respective ones of said plurality of signagsE$aid & s ak{ & |of| signal's
conprising Mdtion Pictures Expert G oup (ME TodegE at@ p< deneral data
havi ng no specified format, Joint Photographifc Ex e‘r’t?_ﬂBbéu@jP@) coded
picture data, video and inv&@{d data. 9. — hog as cla rLegjin clai m 4,
further conprising the step of\ providing S W ud = pre
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sai d encr: ield with a first value and a second val ug- g -
‘correspondi 6%§ﬂ% of said first service conponent and saldﬂgecoﬂ%ﬁﬁg%vice

conponent is encrypted and is not encrypted, respectively.- 10. A et hod
as claimed in claim 4, further conprising the step of providing said
programtype field with one a plurality of values corresponding to
respective ones of said plurality of programs, said plurality of prograns
" conprising nusic, a talk radio show, video, text, a censored program an

adverti senent, and a programdireci®tPgo a selected topic. 11. A et hod
as claimed in claim4, further conpr

el e step of providing said
| anguage field with one of a pluralilts al ues corresponding to
respective ones of said plurality of o ges. 12. A nmet hod as cl ai ned
in claiml, wherein said servige conpﬁ 5es |a second service conponent, and
further conprising the steps &f i v | east a portion of said
frame into data fields; and |&3Q§I eavi»ng at2l ggqst part of said first
servi ce conponent and sai d se§§ squi e g? nent into each of said data
fields. 13. A nethod as cla i n| ¢l i my12, —wherein said first service
conponent and said second serwEce copgonent hage a bit rate of multi pl es of
L/2 bits per second, said interleavi hg gte cdﬁpr|5|ng the step of adding
paddi ng bits to each N2
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data field mﬂ&n ;qi nunber of said nmultiples of L/2 bits per
. O Ggign conpri sing broadcast
carrier wave for broadcast transmnm ssion to renote receivers,

odd nunber al

.conprising a broadcast channel

service control header to a service,
servi ce conponent selected fromthe group consisting of audio,
i mges, dynam c i mages, paging signals, text, mesSages and panographic
symbol s, said service control header 19¢

.dynam cally controlling recepti

-sai d service conprising anjovera
overall bit rate corresponfling t

bits per second, said fra
Lx M=n x ﬁépits per fra
service and n Qbits

n of sai

information e

| bit rate of

K bits pg¢
i<hi fum bi t

f

a

rising service contro
service at said renpte receivers,

PSR

r second,

ghal

dat a,

sai d

rate of L

i ¢l service having n Xx
P bits for said

, fwhterermXK, n,

Gg/hadoN
edin a
said signa

bit stream frame generated by appending a -
said service conprising at |east one

static

data for

L, M

as clainmed in

sai d

. t
ai dsSeBvicegi s between 16
s&’@¥m nicdum bit!rate L
Hpeger 1 < n§< 8.
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50 franme.conprising n x 6912 bits for said servi ce and N Xg or-
"said serv 92638r ol header and n x 7136 total bits. %g,gllsgur’#a 9§

claimed in claim15, wherein said service conprises a f| rst service
conponent and a second service conmponent, at |east a portion of said frane
being divided into 432 data fields which are approximately 1 mllisecond in
duration, each of said data fields having n x 16 bits, said first service
conponent and sai d second service conponent being interleaved into each of

said data fields. 17. A met hod of3fxy matting a signal for broadcast
transmi ssi op t o enehy

d_‘e eiwers conprising the steps of: receiving a
service conpri Sglg &t #Bfirst service conponent selected fromthe
group consipting of Milgsldzed audio signals, anal og_gugl_o__g_l_gnal s_and
anal og signpl s; L,_d |£|§r§ saiﬁd first servige conpgnen mF d flll‘St
service corrpone@ Ldnal §9; and conpressing said firs eriii¢e cenponent
usi ng sourcg caodi ng EEctled filrom a group of coding sch&re & sting of
Motion Pict ir esSExpelt| & QUpNMPEG 1, MPEG 2, MPEG 2. 5z5h 12.5,
| ayer 3. 18 Bc ol ds_ofained in claj 17, \Myer ¢ | €oipr essi ng
step conpri $es the stlep of sadgling said f t servi=e ngslt a
sanpling frequency whiich is synchroni zed ta|the bi 4 at;ﬁ\ | & li rst
servi ce comnponent[. == | b ‘—’3l
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19. A rrethqg gg %? imed in claim 18, further conprising thgeftgdm28é0s
generating a Q P45t channel bit stream frane by appendi ng a service

control header to said service to dynamcally control reception of said
service at said renote receivers, said service control header conprising
service control data for dynami cally controlling the reception of said
first service conponent at said renote receivers. 20. A net hod as cl ai ned
inclaim 19, further conprising the step of synchronizing the franng
operations of an MPEG encoder with sajgypgervice control header, said
broadcast channel bit stream franme being operable to transmt an MPEG frane
generated by said MPEG encoder as a subfranme thereof. 21. A net hod as

claimed in clpim20, wherein said synchronizing step conprisessthe step of
aligning the ¥irst bit insaidfirst service conmponent witB3fh&fjrst bit
of a frame header generated by said MPEG encoder. £2. A g%;ngf conpri si ng
broadcast information enbodied in a carrier mavé%ﬁgr broad@spt @ ransm ssi on
to renote recegivers, sald-etggrl conprising a brodfcast chanpef~hjt jstream
frame generat ¢d by append@gqt service control hgader to acsergice, Said
service having at |east @I =efvice conponent selected fr ot hev gf ot
consisting of |digitized agghg 0 signals andg
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anal og signals, said service conponent being digitized if _said service-

' conponenw0i99/26368| og and conpressed using source codi ng sell_’ggflgasi?r?sb’?n a
group of codi ng schenmes consisting of Mdtion Pictures Expert G oup (MPEG

codi ng, MPEG 1, MPEG 2, MPEG 2.5 and MPEG 2.5, layer 3, said service

control header conprising servicejggpfrol data for dynamcally controlling

reception of said service at sai g, rﬁ é@ ecei vers, said source coding _
havi ng “*ranT g Oper at1 ons_Whi cn R4 g@’ Bl onrreawth sara Senyrcecont r ol

header, sail@l broagcast gha.n.n.esg bt _S i i gLa.bﬂ:_&XL_o_t.r_anSMt
an MPEG codiN\ag frane generat e RWE; sg‘.?zéﬁé%uﬂ@'@gc%mg @E a subfrane

ther eof " M 2.1 | 2 TeLhod of Tornaytiing a signal Tor Broddeps

t ransni|sdl édré4to e}m‘t ecei vers conpri'siing the stepsS of | redeél 418
servic rsing at least a fiIr eyVvi conponent selected Tromthe
group consisting of audio, , Statilc i mages~dynam c i nages, paging

signals, text, nessa d panographi?angsynbol s generati a broadcast

channel bit stre rree by appending a service contr eaderlMh said
service to dyn

mcally contys¢ receptipn of said service 3t s#ifgprenote
receivers, saild service co té‘flnr@epc}]m *:tgnmg sing servicejco tL@% header
: onsi st )

a

data selected fromthe gro of "a preanbl e indijcath he

/

n(1)*8 BT | n(2)*8 BIT | n(Nsc)*8 BIT |---~1 n(p)*8 BT

\ \ ) )
FIRST SC, AT SECOND 5C, AT LAST SC, AT PADDING, AT g7 7 #
n(1)*Bkbps  n(2)*Bkdps  n(Nsc)Bkbps n{p)*Bkbps
- 1mS . -
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beginning of -said frame, a bit rate index indicating the bit id -
service, encﬁyg?waﬁﬁ%ontr(ﬂ data, an auxiliary data field, an5§§§F9?€§§? :
field content indicator relating to the content of said auxiliary data
field, data relating to nultiframes in said auxiliary data field when said
auxiliary data field is nmultiplexed, and data indicating the nunber of
servi ce conponents which constitute said frane. 24. A net hod as cl ai ned
in claim23, wherein said preanble is one of a binary nunber and a
‘hexadeci mal number selected for effectg auto-correlation to facilitate
synchroni zati on of said frane when said frane is received. 25. A et hod
.as clainmed in claim24, wherein said preanble conprises 20 bits and
corresponds to 0474B hexadecimal. 26., A nethod as clained in claim 23,

wherein said generating STep conprise e step of dividing the overal
rate of said service into a nunber n mul tiplesjof a pfinindhbit rate of
L bits per second, wherlein.nand | arel punerical | ues| «sar’d bit rate

i ndex conprising one ofy albi hary number jang a} hgxadeci mal nunber

representing said nunber 1. D7 et hod| as| cllai med in claim 23,
=T ' f

A
wherein L is 16,000 and sardov ) ard-—servige is n multiples of
16 kil obits per secozd where n isﬁg$cﬂﬁwg@§} | < n < 8,¢ysaid bit rate index

conprising four bits with 0000 binary indicating C\\ -
BROADCAST CHANNEL FRAME SEQUENCE
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that no valid data is being transmtted wth said service and hinar -
‘nunbers oB®9%28%80, 0011, 0100, 0101, 0110,.0111 and 1000 Fﬂwg%z’ﬁéthat

said overall rate of said service is 16 kil obirs per second, 32 kilobits
per second, 48 kil obits per second, 64 kilobits per second, 80 kil obits per
second, 96 kilobits per second, 112 kilobits per second and 128 kil obits
per second, respectively. 28. A nethod as clained in claim23, wherein
said encryption control data conprises encryption schene data for

i ndicating which of a plurality ofqzpgryption schenes is being used to
encrypt said service, said rempfe rgceivers Eeing operable to use said
encryption schene data to decrg@tjs id servile. 29. A net hod as cl ai ned
inclaim 23, further conprising=Zhe step of|jencrypting one of a broadcast
channel conprising said servicgZ gd| said seryice control header, and a

plurality of broadcast _channel®:- conprising different services and
correspondi ng serVice control head

~§, sai d-pRcryption control data
conprising bits to indi cate—a—typ Jf-key~&§5}xib said renote receivers
to decrypt a correspondi ng one of d broattast cphannel and said plurality
of broadcast chanpel s, saild type Qf|key beiang selected froma group of keys

consisting of a stgti c0n|uud§§?-1ﬂnr specific key, said static
key bei ng usef ul lgﬁe d bl oadehst “3ai d |serVice in said broadcast
0

channel to sel ect =|3id e Fekei vgrs ich are configured

perforn1decryptio+2§si@§ stafi c ®ye €aid |conhon key being useful for

decryption at all @; S e fecesg/eTsYof dachjof said plurality of
ncfypt&l usFng tlhe same encryption schene,

broadcast channel § @hi

and -sai d specific:@@y g useful/Tor § :
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decryption at all of said renpte receivers of said broadcast Mhen
sai d broadcasVONERARI has been encrypted using a selected encryption
schene. 54 30. A method as clained in claim 23, further conprising
the step of transmtting auxiliary data-relating to said service in said
auxiliary data field of service control header, said auxiliary field
content indicator conprising bits to indicate that said auxiliary data is
encrypted and the key used for encrypting said auxiliary data. 31. A
method as clained in claim 23, furthfg/fzzprrprisi ng the step of transmtting
a Radio Data System (RDS) Pl code for frequency nodul ated broadcasting in
said auxiliary data field of service control header, said auxiliary field
content indicator conprising bits to indicate that said auxiliary data
field conprises sai dgRDS & __coge. 32. A method as clainmed in claim23,
wherein said service Zar&Bonds &o% primry,service transmtted to said
broadcast renpte recegsvEre a pe&ry brqu%st channel , and furt her
conprising the steps&f+* Megei Vi ng gseconﬁse{ vi ce conprising at |east one
servi ce conponent selg@e‘od: oint@gr oup &3 sting of audio, data, static

i mges, dynam c i nmagégs, gl si s, te ssages and panogr aphi c
synbol s, said second gggb i n?g - L%:E R
«<T

PROK

D ' /"") & .
= \ =
S >— | S Q
S =5 \
=S = |
SS9 |+
NS |
sSs8I(= |
E‘c:x’o: : i ~ \—
] =
&5 | = | < ©
Sy | > | e
=0 =
S=|3 ! ! 2&
%(.J P~ \ i
7 '; l o~ =
! | 2 £ A A
g | I = = (O e g
| | —_ = ~ | : A
——— ' aa) o = n ™ A
w ! - = == D
= IS 2 O] 8 l o |
=l 2] 2 128l o | 13
= E | e - — 1 & =3 ﬁ—T
! ' ) = 1 =
) ‘ -~ pan S AT
i l — 2 o~ Ny
5 | A A
= fan YN e
=3 : : g Y Y
2P { |/ I
=<2 — _ TN/
SE|s ' 2 =
2 =" l N\ I
=2 S l =
B L ! =
[o=4 I =]
5 ._/ : /8 Y
= LJ | O —_
é% @ —— o =
[ ]
&6 32 : a.g 0)
=2 a-
s = : ™~
-~ .
=Ss | =85S S
—_—— o = A 5= ——= \
2= ===
= I =
— ‘ =



transmtted to said renote receivers on a secondary broadc ﬁ% %I;
“gener at i NYOP9REIBnd broadcast channel bit stream frame by Q‘B‘E{S %a _
second service control header to said second service to dynami cally control
reception of said second service at said renpte receivers; and providing
bits in said service control header corresponding to said primary broadcast
channel to indicate to said renote receivers that said prinmary broadcast
channel is related to said secondary broadcast’ channel. 33. A nmet hod as
clainmed in claim32, further conprigyoag the steps of: 55 assigni ng each
of said primary broadcast channel and said secondary broadcast channel wth
an identifi cgt e, eac =& | dent iH+ i de be'mg operable to

uni quel y ide 1Sy(f)y5y(§e-eeﬁf-esrﬁy i ng-ene- §§(831a6{893) | TaTY br oadcast channel
and sai d seceneery—broadcast—enarnel ; a =cH said service control

header of said primary broadcast channel wt e I fication code
correspondi t channﬁér éﬁ&*&t hod as cl ai ned

in claim33, %Xﬁirﬁ@%dasfﬁsmgﬁ;@mgst channel is transmtted which is .
| ated t DI hd |, d h i dentifi ti d
{g 3niequeloysia%®nﬁ)’@ggi drmgﬁ@[ﬁaclg %zzcﬁgnne?,s ggdl fﬁpt Ihelrcgolrrgpi giong
the steps offq3) g 1) 5y(887) Sy(891)
S 98 e e | | FLC-L08
/324
Sy(1) Sy(5) Sy(885) Sy(889) | R(1) R(2)  R(31) R(32 325
Sy(2) Sy(6) Sy(886) Sy(890) | R(33) R(34  R(B3) R(64) |/ 8
Sy(3) Sy(7) Sy(887) Sy(891) | R(65) R(B6)  R(95) R(%6) |~ '330
Sy(4) Sy(8) 5y(088) 5(892) | R(97) R(%8)  R(127) R(128) |/
FICG.20C | -
— —
Sy(1) Sy(2) =mnm- S — Sy(891 Sy(892)| R(1)R(33) R(%6) R(128)
FIG.20D
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generating another said broadcast channel bit streamframe; gueR@hEsosNg ~
sai‘d servi ce WQM36¥8 header of said primary broadcast channel to conprise

said identification code corresponding to said third broadcast channel

to
indicate that said third broadcast channel is related to said primry
broadcast channel in lieu of said secondary broadcast channel. 35. A
‘method as clained in claim33, wherein a third broadcast channel is
transmtted which is also related to said prinmary” broadcast channel, and

has an identification code to uniquebb/ggentify said third broadcast
channel, and further conprising the Steps of: generating another said
broadcast channel bit stream franme; and nodifying said service contro
header of said secondary broadcast channel to conprise said identification
code corresponding to said third broadcast channel to indicate that said
third broadcast channel is also related to said prinmary=Zbroadcast channel.
36. A nethod as clained in claim35, wherein said prd?

iding step further
conprises the steps of; 56 providin? a bit in said sdrvice control
header of said primary Broadcast chann

bloto flindicate that said primary
broadcast channiel is primary broadc a§ ‘g /
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Cchannel her broadcast channels related thereto; and providing a
bit in e%ﬁ%&g‘%serw ce control header corresponding to SEVH%%S&?E%W

br oadcast channel and said third broadcast channel to indicate a
relationship with said primary broadcast channel. 37. A met hod as cl ai ned
in claim32, further conprising the step of assigning geographic-specific
identification codes to said primary broadcast channel and said secondary
broadcast channel to uniquely distinguish said-primry broadcast channel
and sai d secondary broadcast chan f24rom each other and anong a plurality
of broadcast chjmgggs rqﬂﬁngpﬂ in a selected one of a plurality of
geographi c area od as claimed in claim 37, further
conprising the SR of pEQURYi ng at 1 east one bPRME BATEai d service contro
header of said RREAMBQEy bCWNQ_ast channel to '”d'tﬁm’{f |gthi ch of a plurality
of different i oh-code types cprrespan Q. said

geogr aphi c- spedi iz |de1t #924caf i on codes| sai d pjﬁmgzqulty of qifferent

i dentification |y pes=—ai=iespondi ng s | said
plurality of geogr . 39. A net hod a alned in claim32,
further conprising tRe step} of a55|gn|ng i de 'flcatlon codes to unlquely
di stinguish_said pri br-Bade6a And-s2 secondary broadcast
channel fMWﬂW@HMh otlher ¢ ARTALEHGTOIE! S
received within a | dwi de, and said

providing step conpr|5|ng the ﬁfﬁﬁl d vat {east two bits to said
service control header of said b “T‘Cﬁﬁﬁﬂél to indicate which

of a FIG.24
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plurality of- different identification code types corresponds per/esisthisos

i dentificati §/P RS sai d type of code being selected fromthe group
consisting of a | ocal code, 57 a regional code and a worl dw de code,
said | ocal code being useful to uniquely identify one of said plurality of
broadcast channels transmtted to a geographic area by a spot beamfrom a
satellite transmtter, said regional code identifying one of said plurality
of broadcast channels transmitted to one of a predetermni ned contiguous
geographi c area and predet erm ned ? ﬁontiguous geographi c areas, said
wor | dwi de code being useful to dis |n% i sh said second broadcast channe
fromother ones of said plurality of broadcast channels worl dw de. 40. A
met hod as clainmed in claim32, wherein said providing step conprises the
step of providing said bits in said auxiliary field content indicator in
said service control header to indicate to said renpte receivers that said
primary broadcast channel is related to said sec ary broadcast channel.
41. A nmethod as claimed in claim 40, furtherzﬁgﬁgrising the steps of:
assigning each of said primary broadcast chann and sai d secondary

code. be: g OTShr i Bl BN £y the corrcbgiRar GRdSr—cai -
primary roaqmwst chﬁqu# qndma@bﬁ gi?ﬂﬂﬁix_ErpaqgﬁFch %UmﬁLOW

IDENTIFIER | TIME SLOT 1| TIME SLOT 2 TIME SLOT 96{ SEQUENCE
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3 M 376 J76 318
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.|nsert|ng ntification code corresponding to said secondar

br oadcast - (?]‘bsﬂzdg%el nto said auxiliary data field of said p FWS? 7%?58§dcast
channel ; and inserting said identification code corresponding to said
primary broadcast channel into said auxiliary data field of said secondary

br oadcast channel. 42. A nmethod as clainmed in claim40, further
conprising the step of inserting broadcast channel identification data in

"said auxiliary data field which i ifies said secondary broadcast
channel . 58 43. A et hod as i“ted in claim42, wherein said

broadcast channel identification data conprises an identification code to
uniquely identify said secondary broadcast channel, and said inserting step
further conprises the step of selecting said identification code to

uni quel y distinguish said secondqu br oadcast channel from anong a
plurality of broadcast channels rZcei veg-withia,a sel ected one of a
plurality of geographic areas. 445 A methadza, clainmed in claim 32,
wherein said auxiliary data fielgsin eag IE(% gl d service control header
and sai d second service control R&ader cﬁ#gg $ a Primary/ Secondary (PS)
flag, and further conprisingiﬂua%?é%s of %%f?lng said PS flag to a first
val ue when said frame correspondiggg to one
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of said serw‘gg J%k oI header and sai d second service controhﬁw?iﬁsséss a-
ag

conponent of said primary broadcast channel ;. and setting said to a
second val ue when said frame corresponding to one of said service control
header and said second service control header is a conponent of said
secondary broadcast channel, said renote receivers being operable to use
said PS flag to identify a received broadcast channel as one of a primary
broadcast channel and a secondary broadcast channél. 45. A nmet hod as
claimed in claim32, further conprispag24he steps of: assj gning each of
said prinmary broadcast channel and said secondarly bedpaddast channel with an
identification code, each said identification cdde Ei& pergqble to

uni quely identify the corresponding one of said |prinmary oad ast channel
and sai d secondary broadcast channel; and prow ary data
field corresponding to said primary broadcast channel&wiz h an agdsoci at ed
servi ce pointer (ASP) correspondlng to said identifi&StEbn code|of said
secondary broadcast ghannel . 46- A—rethed as clggdgb in clgim45,
wherein a third broaficast_cha neL_ls_ﬂEaQ§nitted whicl & relatgd to said

primary broadcadt chhnnel’, anfd i ng théf%&ﬁps of : |generating
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primary broadcast channel; and nodi fying said service.control header of
said primary broadcast channel to conprise said |dent|f1cat|on”codé

corresponding to said third broadcast channel to indi ﬁtf/ﬂg b_sa; I\Qgr’
broadcast channel is related to said prinmary broadcas

sai d secondary broadcast channel. 47. method as clainmed in claim 45
wherein a third broadcast channel is transmtted which is also related to

said primry br annel, .a urt her co ri in he st s of : .
generating anot h caﬁil’ B?’g%?f ﬁ‘i‘?ﬁ %FBE‘E ca%suggpd
secondary lusmdﬁdid ﬁ&&ﬂﬂﬁiregﬁﬂdb%ﬁbisvwiﬁ'oﬁﬁb gl 1 'toaﬁ@%a@f
sai d secondary br adc st .channel, to compri se |dent|f|cat|o code

cor respondi$ P@%‘E"ﬁ W?B&%’@&sﬁm &P#Féq |2ﬁ9’|3c§a!¢Hth¢9§F° enter (§3E)
br oadcast I t@ﬂt% gﬂ&gﬁ, aph

A net hod as%glrugtllarre glf’%&4 Srtl?fjer corrprl sing the's se%g’o{g provﬁlgIk ng
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related t hW%@ﬂgng its MCC and SCC may assign the PRCs to non-contiguous locations among
10  different 48 channel groups. The MOC and SCC software at the RBCF 238 or a single broadcast
station 23 can relocate PRC carriers of a particular broadcast service to other frequencies to
avoid deliberate (Le., jamming) or accidental interference on specific carrier locations. A current
embodiment of the system has three RBCFs, one for each of the three regional satellites.
Additional satellites can be controlled by one of these three facilities.
15 As will be described in further detail below in connection with on-board satellite
processing in Fig, 6, an on-board digjtally implemented polyphase processor is used for on-board

dQL

-

signal regeneration and digjtal baseband recovery of the symbols 114 transmitted in the PRCs,
The use of groups of 48 carriers spaced on center frequencies separated by 38,000 Hz facilitates
processing by the polyphase processor, The software available at the broadcast station 23 or
20  RBCF 238 can perform defragging, that is, defragmentation processing to optimize PRC 110
assignments to uplink carrier channels, that is, groups of 48 carrier channels. The principal
behind defragmentation of uplink carrier frequency assignments is not unlike known software
for reorganizing files on a computer hard drive which, over time, have been saved in such a
piece-meal manner as to be inefficient for data storage. The BCC functions at the RBCF allows
25  the RBCF to remotely monitor and control broadcast stations to assure their operation within

assigned tolerances.

Satellite Payload Processing

The baseband recovery on the satellite is important for accomplishing on-board

30 switching and routing and assembly of TDM downlink carriers, each having 96 PRCs. The
TDM carriers are amplified on-board the satellite 25 using single-carrier-per-traveling-wave-tube
operation. The satellite 25 preferably comprises eight on-board baseband processors; however,

only one processor 116 is shown. Preferably only six of the eight processors are used at a time,
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providing a bi't in each said service control header PLGII‘HJS)O ﬂlg{ 2035%5

secondary broadcast channel and said third broadcast channel to indicate a
rel ationship with said primry broadcast channel. 50. A nmet hod as cl ai ned
in claim23, providing said service control header with bits for dlgpla on
a display device connected to at | east one of said re ﬁ;LQpé|VeF9|\

A nmethod as clained in claim 50, whereiitp said prOV|di!

the step of providing said auxiliary field content i ndi or |n sald
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on the contents of said auyil |ary data f|e d,
processors 116 are usecf eight processors 116 are used). As will be
described in further detail below, 96 PRCs are selected and multiplexed for transmission in each
downlink beam 27 onto a carrier of approximately 2.5 MHz bandwidth.
10 Each uplink PRC channel can be routed to all, some or none of the downlink beams 27.
The order and placement of PRCs in a downlink beam is programmable and selectable from a
telemetry, range and control (TRC) facility 24 (Fig. 1). Each polyphase demultiplexer and
demodulator 122 receives the individual FDMA uplink signals in groups of 48 contiguous

channels and generates a single analog signal on which the data of the 48 FDMA signals is time

15 multiplexed, and performs a high speed demodulation of the serial data as described in further

detail below in connection with Fig, 6. Six of these polyphase demultiplexer and demodulators
122 operate in parallel to process 288 FDMA signals. A routing switch and modulator 124
selectively directs individual channels of the six serial data streams into all, some or none of the
downlink signals 27 and further modulates and up-converts the three downlink TDM signals 27.

20  Three traveling wave tube amplifiers (TWTA) 126 individually amplify the three downlink
signals, which are radiated to the earth by L-band transmit antennas 128.

The satellite 25 also contains three transparent payloads, each comprising a demultiplexer
and down-converter 130 and an amplifier group 132 configured in a conventional "bent pipe”
signal path which converts the frequency of input signals for retransmission. Thus, each sarellite

25 25 in the system 10 is preferably equipped with two types of communication payloads. The first
type of on-board processing payload is described with reference to Figs. 5, 6 and 7. The second
type of communication payload is the transparent payload which converts uplink TDM carriers
from frequency locations in the uplink X-band spectrum to frequency locations in the L-band
downlink spectrum. The transmitted TDM stream for the transparent payload is assembled at a

30  broadcast station 23, sent to the satellite 25, received and frequency converted to a downlink
frequency location using module 130, amplified by a TWTA in module 132 and transmitted to
one of the beams. To a radio receiver 29, the TDM signals appear identical whether they are
from the on-board processing payload indicated at 121 or the transparent payload indicated at



55. A nethod. as clainmed in claimb54, further conprising the steps of:
generating a second broadcast channel bit streamf GTZ@ f

second service control header to one of said servic ﬁ&g ;{3;9 58
sai d second service conprising at |east one service conponent selected from
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auxiliary data field in said second
Fig, 6 for illustrative purposes. The carriers 136 are spaced on a grid of center frequencies
separated by 38 kHz This spacing determines design parameters of the polyphase
10  demultiplexers. For each satellite 25, preferably 288 uplink PRC SCPC/FDMA carriers can be
received from a number of broadcast stations 23. Six polyphase demultiplexers and
demodulators 122 are therefore preferably used. An on-board processor 116 accepts these PRC
SCPC/FDMA uplink carriers 136 and converts them into three downlink TDM carriers, each

carrying 96 of the PRCs in 96 time slots.

..a

15 The 288 carriers are received by an uplink global beam antenna 118 and each group of 48
channels is frequency converted to an intermediate frequency (IF) which is then filtered to select
a frequency band occupied by that particular group 138. This processing takes places in the
receiver 120, The filtered signal is then supplied to an analog-to-digital (A/D) converter 140
before being supplied as an input to a polyphase demultiplexer 144. The demultiplexer 144
20  separates the 48 SCPC/FDMA channels 138 into a time division multiplexed analog signal
stream comprising QPSK modulated symbols that sequentially present the content of each of 48
SCPC/FDMA channels at the output of the demultiplexer 144. This TDM analog signal stream
is routed to a digitally implemented QPSK demodulator and differential decoder 146. The
QPSK demodulator and differential decoder 146 sequentially demodulates the QPSK modulated
25  symbols into digjtal baseband bits, Demodulation processing requires symbol timing and carrier
recovery. Since the modulation is QPSK, baseband symbols containing two-bits each are
recovered for each carrier symbol. The demultiplexer 144 and demodularor and decoder 146 will
hereinafter be referred to as a demultiplexer/demodulator (D/D) 148. The D/D is preferably
accomplished using high speed digital technology using the known Polyphase technique to
30  demultiplex the uplink carriers 21. The QPSK demodulator is preferably a serially-shared,
digitally-implemented demodulator for recovering the baseband two-bit symbols. The recovered
symbols 114 from each PRC carrier 110 are subsequently differentially decoded to recover the
original PRC symbols 108 applied at the input encoders, that is, the channel distributors 82 and



service control header is another one of said segnents in said nmultifrane
signal, wherein said franme corresponding to said sjbmmesé not be
contiguous to said frame corresponding to said secdn icg.f 23(?«?5
method as clained in claim 55, further conprising the step of providing
each of said service control header and said second sE¥Mi cort nal [fg er
with a segnment offset and length field (SOLF), said %ﬁrﬂl#sﬁlm\' §§
relating to how many of said segnments constitute said multiframe signal.
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sai d buffers and oscillators) of the rate alignment module 150 in Fig. 6 are described in more detail
with reference to Fig. 7. The rate alignment module 150 compensates for clock rate differences
— 10  between the on-board clock 152 and that of the symbols carried on the individual uplink PRC
carriers 138 received at the satellite 25. The clock rates differ because of different clock rates at
different broadcast stations 23, and different Doppler rates from different locations caused by
motion of the satellite 25. Clock rate differences attributed to the broadcast stations 23 can

originate in clocks at a broadcast station itself or in remote clocks, the rates of which are

15 transferred over terrestrial links between a broadcast studio and a broadcast station 23.

The rate alignment module 150 adds or removes a "0" value symbol, or does neither
operation in the PRC header portion 112 of each 432 ms recovered frame 100. A "0" value
symbol is a symbol that consists of a bit value O on both the I and Q channels of the QPSK-
modulated symbol. The PRC header 112 comprises 48 symbols under normal operating

20  conditions and consists of an initial symbol of "0" value, followed by 47 other symbols. When
the symbol times of the uplink clock, which is recovered by the QPSK demodulator 146 along
with the uplink carrier frequency, and those of the on-board clock 152 are synchronized, no
change is made to the PRC preamble 112 for that particular PRC 110. When the arriving uplink
symbols have a timing that lags behind the on-board clock 152 by one symbol, a "0" symbol is

25  added to the start of the PRC preamble 112 for the PRC currently being processed, yielding a
length of 49 symbols. When the arriving uplink symbols have a timing that leads the on-board
clock 152 by one symbol, a "0" symbol is deleted at the start of the PRC preamble 112 of the
current PRC being processed, yielding a length of 47 symbols.

© As stared previously, the input signal to the rate alignment module 150 comprises the

30 stream of the recovered baseband two-bit symbols for each received uplink PRC at their
individual original symbol rates. There are 288 such streams issued from the D/D 148
corresponding to each of the six active processors 116. The action involving only one D/D 148
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second service and a third service at said renote receivers, each of said
service control header, said second service control header and said third
service control header conprising a start flag for indicating when said
auxiliary data field corresponding thereto is a segnment in a nultifrane
signal; and providing each of said service control header, said second

service control header and said third service control -t nt
of fset and length field (SOLF), said SC]_Flscorrpri si ng mgﬂg %|24N1W
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clock 152 ticks between correlation spikes is determined and used to adjust the length of the
PRC header 112 to compensate for the rate difference. Third, the PRC frame, with its modified
10  header, is clocked at the on-board rate into its appropriate location in a switching and routing
memory device 156 (Fig. 8).
PRC symbols enter the ping-pong buffer pair 153 at the left. The ping-pong action
causes one buffer 149 or 151 to fill at the uplink clock rate, and the other buffer to

simultaneously empty at the on-board clock rate. The roles reverse from one frame to the next

15  and cause continuous flow between input and output of the buffer 149 and 151. Newly arriving
symbols are written to the buffer 149 or 151 to which they happen to be connected. Writing
continues to fill the buffer 149 or 151 unuil the correlation spike occurs. Writing then stops, and
the input and output switches 161 and 163 switch to the reverse state. This captures an uplink
PRC frame so that its 48 header symbols reside in the 48 symbol slots with one slot left unfilled

20  at the output end of the buffer and the 8160 data symbols fill the first 8160 slots. The contents
of the subject buffer are immediately read to the output thereof at the on-board clock rate. The
number of symbols read out are such that the PRC header contains 47, 48 or 49 symbols. A "0"
value symbol is removed or added at the start of the PRC header to make this adjustment. The
header length 112 is controlled by a signal coming from a frame symbol counter 159 which

25  counts the number of on-board clock rate symbols that will fall in a PRC frame period 10
determine the header length. The ping-pong action alternates the roles of the buffers.

To perform the count, the frame correlation spikes coming from the buffer correlators
155, as PRC frames fill the buffers 149 and 151, are smoothed by a synch pulse oscillator (SPC)
157. The smoothed sync pulses are used to count the number of symbol epochs per frame. The

30 number will be 8207, 8208 or 8209 indicating whether the PRC header should be 47, 48 or 49
symbols long, respectively. This information causes the proper number of symbols to come
from the frame buffers to maintain symbol flow synchronously with the on-board clock and
independently of earth terminal origin.



62. A nmethod as clainmed in claimb59, further conprising the steps of:
generating a plurality of frames conprising one of a plurality of sgrvgces
conprising said service, said second service, said third serV|ce 3 Yher

services and respective ones of a plurality of service control fﬁ&ﬁwgg
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text, nmessages gl 6ﬁMﬁﬁEﬁM®@r&:¥d§ﬁg|b§ a single ©/FP148, Sighilar processing is performed by
10  the other five active D/Ds on-board the satellite. The PRCs emanating from each of the six
D/Ds 148, having been synchronized and aligned, occur in a serial stream having a symbol rate
of 48 x 19,000 which equals 912,000 symbols per second for each D/D 148, The serial stream
from each D/D 148 can be demultiplexed into 48 parallel PRC streams having rates of 19,000
symbols per second, as shown in Fig, 7. The aggregate of the PRC streams coming from all six

15 D/Ds 148 on-board the satelle 25 is 288, with each D/D 148 carrying 19,000 sym/s streams.
The symbols therefore have epochs or periods of 1/19,000 seconds which equals approximately

52.63 microseconds duration.

As shown in Fig. 8, 288 symbols are present at the outputs of the six D/Ds 148a, 148b,
148c, 148d, 148 and 148f for every uplink PRC symbol epoch. Once each PRC symbol epoch,
20 288 symbol values are written into a switching and routing memory 156. The contents of the
buffer 156 are read into three downlink TDM frame assemblers 160, 162 and 164. Using a
routing and switching component designated as 172, the contents of each of the 288 memory
locations are read in terms of 2622 sets of 96 symbols to each of the three TDM frames in
assemblers 160, 162 and 164 in an epoch of 136.8 ms which occurs once every TDM frame
25 period or 138 ms. The scan rate or 136.8/2622 is therefore faster than the duration of a symbol.
The routing switch and modulator 124 comprises a ping-pong memory configuration indicated
generally at 156 and comprising buffers 156a and 156b, respectively. The 288 uplink PRCs
indicated at 154 are supplied as input to the routing switch and modulator 124. The symbols of
each PRC occur at a rate of 19,000 symbols per second corrected to the on-board clock 152
30  timing, The PRC symbols are written in parallel at the 19,000 Hz clock rate into 288 positions in
the ping-pong memory 156a or 156b serving as the input. At the same time, the memory serving
as the output 156b or 1561, respectively, is reading the symbols stored in the previous frame into
the three TDM frames at a read rate of 3 x 1.84 MHz. 'This latter rate is sufficient to allow the
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control header. conprising service control data for dynamcally controlling
reception of said service at said renpte receivers on a broadcast channel,
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and 156b exchange ro gi&:s from frame to frame via the switch components 158a and 158b.

With continued reference to Fig. 8, sets of 96 symbols are transferred to 2622

10  corresponding slots in each TDM frame. The corresponding symbols (i.e., the ith symbols) for

all 96 uplink PRCs are grouped together in the same TDM frame slot as illustrated by the slot

166 for symbol 1. The contents of the 2622 slots of each TDM frame are scrambled by adding a

pseudorandom bit pattern to the entire 136.8 ms epoch. In addition, a 1.2 ms epoch is appended

_-1

at the start of each TDM frame to insert a master frame preamble (MFP) of 96 symbolsanda =

15 TSCC of 2112 symbols, as indicated at 168 and 170, respectively. The sum of the 2622 time
slots, each carrying 96 symbols, and the symbols for the MFP and TSCC is 253,920 symbols per
TDM frame, resulting in a downlink symbol rate of 1.84 Msym/s.

The routing of the PRC symbols between the outputs of the six D/Ds 148A, 148B,
148C, 148D, 148E and 148F and the inputs to the TDM frame assemblers 160, 162 and 164 is

20  controlled by an on-board switching sequence unit 172 which stores instructions sent to it over a
command link from the SOC 238 (Fig. 12) from the ground. Each symbol orginating from a
selected uplink PRC symbol stream can be routed to a time slot in a TDM frame to be
transmitted to a desired destination beam 27, The method of routing is independent of the
relationships between the time of occurrence of symbols in various uplink PRCs and the

25  occurrence of symbols in the downlink TDM streams. This reduces the complexity of the
satellite 25 payload. Further, a symbol originating from a selected uplink PRC can be routed to
two or three destination beams via the switch 158.

Radio Receiver Operation
30 A radio receiver 29 for use in the system 10 will now be described with reference to Fig,

9. The radio receiver 29 comprises an radio frequency (RF) section 176 having an antenna 178
for L-band electromagnetic wave reception, and prefiltering to select the operating band of the
receiver (e.g., 1452 10 1492 MHz). The RF section 176 further comprises a low noise amplifier
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dat a identifyihg whi ch of said broadcast channel and said second broadcast
channel is a primry broadcast channel and a seconddiy broadcast channgl .
related to said primary broadcast channel. 65. A signal as claimed in -

cl-aim 63, wherein service control header and said sec% VG m1$99
header each conprise data identifying one of |ocal ﬁjg re‘g
reception and worl dwi de reception for said broadcast channel and said

second broadcast channel, respectively. 66. A signal as clainmed jn claim
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(SOLF) i ndil@ depsratiéhy. The bandwidth of the IF ﬁlter‘184 is approximately 2.5 MHz, The separation
between carriers is preferably at least seven or eight spaces or approximately 3.3 MHz, The RF
10 section 176 is designed to select the desired TDM carrier bandwidth with a minimum of
internally- generated interference and distortion and to reject unwanted carriers that can occur in
the operating band from 152 to 192 MHz. In most areas of the world, the levels of unwanted
signals are nominal, and typically the ratios of unwanted signals to desired signals of 30 to 40 dB
provides sufficient protection. In some areas, operations near high power transmitters (e.g., in
15  the vicinity of terrestrial microwave transmitters for public switched telephone networks or other ™
broadcast audio services) requires a front end design capable of better protection ratios. The
desired TDM carrier bandwidth retrieved from the downlink signal using the RF section 176 is
provided to an A/D converter 188 and then to a QPSK demodulator 190. The QPSK
demodulator 190 is designed to recover the TDM bit stream transmitted from satellite 25, that is,
20  via the on-board processor payload 121 or the on-board transparent payload 133, on a selected
carrier frequency.

The QPSK demodulator 190 is preferably implemented by first converting the IF signal
from the RF section 176 into a digital representation using the A/D converter 188, and then
implementing the QPSK using a known digital processing method. Demodulation preferably

25  uses symbol timing and carrier frequency recover and decision circuits which sample and decode
the symbols of the QPSK modulated signal into the baseband TDM bit stream.

The A/D converter 188 and QPSK demodulator 190 are preferably provided on a
channel recovery chip 187 for recovering the broadcast channel digital baseband signal from the
IF éignals recovered by the RF/IF circuit board 176. The channel recovery circuit 187

30 comprises a TDM synchronizer and predictor module 192, 2 TDM demultiplexer 194, a PRC
synchronizer alignment and multiplexer 196, the operations of which will be described in further
detail in connection with Fig. 10. The TDM bit stream at the output of the QPSK demodulator
190 is provided to a MFP synchronization correlator 200 in the TDM synchronizer and predictor
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sl ot contr Oéynm&%mﬁon threshold, however, can be changed. If correlation has not occurred for the
10  minimum number of consecutive time frames to reach the synchronization threshold, the

correlator continues to search for the correlation pattern.

Assuming that synchronization has occutred, the correlator enters a synchronization
mode in which it adjusts its parameters to maximize probability of continued synchronization
lock. If correlation is lost, the correlator enters a special predictor mode in which it continues to

15 retain synchronization by prediction of the arrival of the next correlation event. For short signal
dropouts (e.g., for as many as ten seconds), the correlator can maintain sufficiently accurate
synchronization to achieve virtually instantaneous recovery when the signal returns, Such rapid
recovery is advantageous because it is important for mobile reception conditions. If, after a
specified period, correlation is not reestablished, the correlator 200 returns to the search mode.

20 Upon synchronization to the MFP of the TDM frame, the TSCC can be recovered by the TDM
demultiplexer 194 (block 202 in Fig. 10). The TSCC contains information identifying the
program providers carried in the TDM frame and in which locations of the 96 PRCs each
program provider's channel can be found. Before any PRCs can be demultiplexed from the
TDM frame, the portion of the TDM frame carrying the PRC symbols is preferably

25 descrambled. This is done by adding the same scrambling pattern at the receiver 29 that was
added to the PRC portion of the TDM frame bit stream on-board the satellite 25. This
scrambling pattern is synchronized by the TDM frame MFP,

The symbols of the PRCs are not grouped contiguously in the TDM frame, but are
spread over the frame. There are 2622 sets of symbols contained in the PRC portion of the

30 'TDM frame. In each set, there is one symbol for each PRC in a position which is numbered in
ascending order from 1 to 96. Thus, all symbols belonging to PRC 1 are in the first position of
all 2622 sets. Symbols belonging to PRC 2 are in the second position of all 2622 sets, and so on,
as shown in block 204. This arrangement for numbering and locating the symbols of the PRCs
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selection with the PRC information contained in the TSCC, and extracts and reorders the
10 symbols of the PRCs from the TDM frame to restore the 7 PRCs.

With reference to blocks 196 and 206, respectively, in Figs. 9 and 10, the symbols of each
of the n PRC:s (e.g., as indicated at 207} associated with a broadcast channel (e.g,, as indicated at
209) selected by the radio operator are remultiplexed into an FEC-coded broadcast channel B0
format. Before the remultiplexing is accomplished, the n» PRCs of a broadcast channel are
15  realigned. Realignment is useful because reclocking of symBol timing encountered in
multiplexing, demultiplexing and on-board rate alignment in passage over the end-to-end link in
system 10 can introduce a shift of as many as four symbols in the relative alignment of the
recovered PRC frames. Each of the # PRCs of a broadcast channel has a 48 symbol preamble,
followed by 8160 coded PRC symbols. To recombine these 7 PRCs into the broadcast channel,
20  synchronization is performed to the 47, 48 or 49 symbol header of each of the PRCs. The
length of the header depends on the timing alignment performed on the uplink PRCs on the
satellite 25. Synchronization is accomplished using a preamble correlator operating on the 47
most recently received symbols of the PRC header for each of the » PRCs, The preamble
correlator detects incidents of correlation and emits a single symbol duration correlation spike.
25  Based on the relative time of occurrence of the correlation spikes for the n PRCs associated with
the broadcast channel, and operating in conjunction with alignment buffers having a width of
four symbols, the symbol content of the # PRCs can be precisely aligned and remultiplexed to
recover the FEC-coded broadcast channel. Remultiplexing of the # PRCs to reform the FEC-
coded broadcast channel preferably requires that the symbol spreading procedure used at the
30  broadcast station 23 for demultiplexing the FEC-coded broadcast channel into the PRCs be

performed in the reverse order, as indicated in blocks 206 and 208 of Fig, 10,
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correlation spike 224 for each of the four PRCs in the illustration. Writing (W) starts into each

10  buffer 222 immediately following the instant of correlation and continues thereafter until the end

of the frame. To align the symbols to the PRCs, reading (R) from all of the buffers 222 starts at

the instant of the last correlation event. This causes the symbols of all PRCs w be

synchronously read out in parallel at the buffer 222 outputs (block 206). The realigned symbols

228 are next multiplexed via a multiplexer 230 into a single serial stream that is the recovered

15 coded broadcast channe] 232 (block 208). Due to on-board clock 152 rate alignment, the length -

of the PRC header may be 47, 48 or 49 symbols long. This variation is eliminated in the
correlator 226 by using only the last 47 symbols to arrive to detect the correlation event. These
47 symbols are specially selected to yield optimum correlation detection.
With reference to block 198 and 210 of Figs. 9 and 10 respectively, the FEC-coded
20 broadcast channel is subsequently provided to the FEC processing module 210, Most of the
errors encountered in transmission between the location of the coders and the decoders is
corrected by FEC processing. FEC processing preferably employs a Viterbi Trellis Decoder,
followed by deinterleaving and then a Reed Solomon decoder. FEC processing recovers the
original broadcast channel comprising 7 x 16 kbps channel increments and its #» x 224 bit SCH
25 (block 212). |
The 7 x 16 kbps segment of the broadcast channel is provided to a decoder such as
MPEG 2.5 Layer 3 source decoder 214 for conversion back to audio signals. Thus, receiver
processing is available using a low cost radio for broadcast channel reception from satellites.
Since the transmissions of the broadcast programs via satellites 25 is digital, a number of other
30  services are supported by the system 10 which are also expressed in digital format. As stated
previously, the SCH contained in the broadcast channels provides a control channel for a wide
variety of future service options. Thus, chip sets can be produced to implement these service
options by making the entire TDM bit stream and its raw demodulated format, the
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ti'me division multiplexed (TDI\/p frame bit stream said TDM frane qu LSfream
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a format i dephnd ' Rogib! r@éeﬂfersaf'p ckh ngoﬁgi:%deﬁuvgﬁ?gﬁ%énbﬁ&%bn code for uniquely
addressing each radio. The code can be accessed by means of bits carried in a channel of the
SCH of the broadcast channel. For mobile operation using the radio receiver 29 in accordance
5 with the present invention, the radio is configured to predict and recover substantially
instantaneously the locations of MFP correlation spikes to an accuracy of 1/4th symbol for
intervals of as many as ten seconds. A symbol timing local oscillator having a short time
accuracy of better than one part per 100,000,800 is preferably installed in the radio receiver,
particularly for a hand-held radio 29b.
10
System for Managing Satellite and Broadcast Stations
As stated previously, the system 10 can comprise one or a plurality of satellites 25. Fig, 12

depicts three satellites 25a, 25b and 25c¢ for illustrative purposes. A system 10 having several
satellites preferably comprises a plurality of TCR stations 24a, 24b, 24c, 24d and 24e located such
15  that each satellite 252, 25b and 25c¢ is in line of sight of two TCR stations. The TCR stations
referred to generally with reference numeral 24 are controlled by a regional broadcast control
facility (RBCF) 238a, 238b or 238c. Each RBCF 238a, 238b and 238c comprises a satellite
control center (SOC) 236a, 236b and 236¢, a mission control center (MOC) 240a, 240b and 240c,
and a broadcast control center (BCC) 244a, 244b and 244, respectively. Each-SCC controls the
20 satellite bus and the communications payload and is where a space segment command and
control computer and manpower resources are located. The facility is preferably manned 24
hours a day by a number of technicians trained in in-orbit satellite command and control. The
SCCs 236a, 236b and 236c monitor the on-board components and essentially operate the
corresponding satellite 25a, 25b and 25c. Each TCR station 24 is preferably connected directly
25  to a corresponding SOC 236a, 236b or 236¢ by full-time, dual redundant PSTN circuits.
In each of the regions serviced by the satellites 25a, 25b and 25c¢, the corresponding
RBCF 238a, 238b and 238¢ reserves broadcast channels for audio, data, video image services,
assigns space segment channel routing via the mission control center (MCC) 240a, 240b, 240c,
validates the delivery of the service, which is information required to bill a broadcast service
30  provider, and bills the service provider.
Each MCC is configured to program the assignment of the space segment channels
comprising uplink PRC frequency and downlink PRC TDM slot assignments. Each MCC
performs both dynamic and static control. Dynamic control involves controlling time windows
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for assignments, that is, 458igning space segment usage on 4 ionthly, weekly and daily basis.
Static control involves space segment assignments that do not vary on a monthly, weekly and
daily basis. A sales office, which has personnel for selling space segment capacity at the
corresponding RBCF, provides the MCC with data indicating available capacity and instructions
to seize capacity that has been sold. The MOC generates an overall plan for occupying the time
and frequency space of the system 10.,'I'he plan is then converted into instructions for the on-
board routing switch 172 and is sent to the SOC for transmission to the satellite. The plan can
be updated and transmitted to the satellite preferably once every 12 hours. The MOC 240a, 240b
and 240c also monitors the satellite TDM signals received by corresponding channel system
monitor equipment {CSME) 242a, 242b and 242c. CSME stations verify that broadcast stations
23 are delivering broadcast channels within specifications.

Each BCC 244a, 244b and 244c monitors the broadcast earth stations 23 in its region for
proper operation within selected frequency, power and antenna pointing tolerances. The BOCs
can also connect with corresponding broadcast stations to command malfunctioning stations

off-the-air. A central facility 246 is preferably provided for technicdl support services and badk-""" "

up operations for each of the SCCs.

Signaling Protocol

In accordance with a preferred embodiment of the present invention, mformation to be
broadcast to the radio receivers 29 is formatted into a waveform in accordance with a signaling
protocol which presents many advantages over existing broadcast systems. The processing of
information for broadcast transmission and reception is summarized in Fig. 13 which illustrates a
broadcast segment 250, a space segment 252 and a radio segment 254 of a satellite direct radio
broadcast system 10 constructed in accordance with a preferred embodiment of the present
invention. Both the service layer and the transport layer of the system 10 is described below.

With regard to the broadcast segment 250, a number of steps in the formarting
procedure are similar to those described previously herein. For example, the demultiplexing
(block 256) of encoded and interleaved broadcast channel bit streams and the addition of prime
rate channel preambles (block 258) to generate the prime rate channels, which are transmitted via
frequency division multiplex uplinks to a satellite 25, is similar to the process described above in
connection with Figs. 3 and 4. The process of generating a bit stream from different service
components (e.g,, service components 260 and 262) by adding a service control header (SCH)
264, scrambling the bit stream 266, and encoding the bit stream for forward error correction
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