:z{| }e3eOLL. 6VT~ August 2002 METHOD AND APPARATUS FOR COVBI NI NG
TRANSPONDERS ON MULTI PLE SATELLI TES | NTO VI RTUAL CHANNELS BAGNOGRSLRIDZOF THE
| NVENTION 5 The invention relates to sat i comuni cati ons systens
generally, and nore particularly tﬁw&mmﬁmmmmkommm cation systens which
divide the transmtted signal, eit or in content, to be

synchr oni zed W 8/4%6Bonbi ned in the recesndorg termnal. This ETEEEIB0BPI i es
readily to broadcast applications, but it not so limted. 10 The satellite
i ndustry has experienced rogressiaon o rformance ephancement s

evi denced by increased tr@ﬁgﬁ% ARE BB&I’-{S{ %Qﬁ@mm@ t ransponders,
i mproved | ow noi se anpl i fiRAN DERS QN MULSHPEE SARELENEESer recei ving
antennas. In satellite systenms WNHOVIRTUM- GHANNELS recei ving stations,

it is particularly inportant to 15 reduce the cost of each receiving unit
and to design a systemwith a small receiving antenna to neet installation
and aesthetic requirenents. The need for a small receiving antenna has

notivated an increase in trangReREROPNT OFPYTHEUNVENTICIr to maintain an
acceptabl e signal-to-noise ratio (SNR) with the smaller antenna. As 20

satel [1t1g users move fréQ%\Be‘j}Qﬁn RHEL 1 E%ﬁﬁé’%ﬁ{n?ur‘ii&tm&h%?sé&ﬁ '

transponders, falling déman or oWer power transpond duces the
cost of their usgenBailgj andenarepaticllady torsatellitsveompansicatiorasggiemder wit h

the smal |l er receiying',. antenna size produces a received power at the LNA
too | ow to maint X‘IY\‘FMF@%Fe@GitF §.8 %‘a%h%t%fé%@ﬁwer F 4R CPBIEeOPE s t he
recei ver to conbi i } kel t 83 S,

possi bly | ocat edbgﬁcgspﬁ) sbr‘:ﬁdtst/&gﬁ{ bzmaét&emht%er?bt&gmgn%ﬁng{aégﬁ te ﬁﬂ@ﬁj;te of

| ower power transpplieterendilpdo broadcastapplications vibutgt het so dieditednt ennas. ~
August 3&02 WO 991 406 ﬁ Pgl{é 599102333 SUVMMARY. OF THE | NVENTI A satellite
conmmuni c&ti ons system' M Indpsty, DA eXPRieNGeY: 3 BFPYTRSFIOR Mect s

i nformati on- car r peABriAsEEREAhARNEENS Bvidetcet Y indiciskittPansiit pbwkpcei ves
the signals and in turn retransnmts the signals 5 on a different frequency

band toward a pl grpability offsatellie trangponders, improvetewsnnise lamplifies fkMAhs a
transponder whi C%héﬁa%?ériéﬁg?.sésrgc?@t@ugﬁr&eWi@ngnfé%ﬁgstlnfs“a%%ﬁ%\?%{?%mgﬂf

retransmts them on ano requenct es of egual
shifted to anot heithl @ taage mumbrert dferesgigitigr stetiorl) itlisgapti@dary impotant ton has

as its ghject a satelljte ¢ ni catiqns systemijncluding a trangsmttin
Faci |1t hat ai ediees ot G smcf dpesiang ditatd b SrelnBEAuAG 8T cct ad
toward a plurali %g]éﬂfrekéﬁlr?@p&% Rha tg%@étqﬁ?]@rvatwm aBBiiRtieatel lites and a

receiving .termnal that ceives the subchannel's, time-synchronizes the 15
subchannel s) and requitsinn@is: ide heed fer 4 amatifreteivisgl ardeanna hasenotivajedal

conposite signal .. The divi.sion of e signal. into s s carried
out by one of t w8 "EPrEaE N Itrr‘—imgp?ﬁ%tp%%%i @ftBHPWe‘?rﬁgg?gﬁ%RLa&Pﬁe signal is
replicated acrossactéstableusighaltip-idisé vativs (SNRpwth thiersealiel taeteririze Abr st

division method is referred to as power-division. . 20 In a second division
met hod) 20he cont SAtellle UsRES TYeciEors;lgwar Ppwer Hanereess tohighesiowsr

di stinct subsign 0. j } i spformation as
the original s ouarTPaiersolait SomaHaTLOne Buef Podle tahBponudied Th1 v
reconbi ned i n t heedwsssi thercasb of reingse.uRecelvinga isignad fromm gnlalver power
satisfactorily. Herei naéter.'jt.hiiis seﬁond 25 .di.vi si on net hoddi s referred to
as cont ent - di vi sit@psponder with the smaller receiving antenna size produces a

received power at the LNA too low to maintain SNR requirements.

25 The present invention permits the receiver to combine received signals
from a plurality of transponders, possibly iocated on a plurality of
satellites to enable again the use of lower power transponders, but

with small receiving terminal antennas.
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In a system using power-division to create subchannels, the .originating
transmtter directs nore than one identical signal to a pl §r Algusy 2092
transponders, possibly located on a plurality of satellites. In said
system transponders retransmt and the receiving antenna 30 system
conducts all _ of the aforenentioned signals into the receivi ng §&§ The
recei vi ng t VRPP{416 3prOV| des neans of tinme-synchronizing -2 8 ] 2002
WO 991 40693 PCTI US99/ 02333 the plurality of received signals, adj ust s the

rel ati ve power |evel of the plyral] of, ..r [ ' s to be
approxi mately equal, and conbi#é@“’féiéY éﬁnﬁﬁg 'Nm%@rrposi te via a signal
addi ng process. Each pobatelits &bﬂnﬂ%ﬁcm?ﬁsfs@émheﬁdté@tamaﬁs Eﬁﬁb’ mation

conmponent and a random 5 noi se conponent, ‘such noise having been introduced
primarily int hétathf‘sﬂ\ahdﬁeﬁﬁll@ﬁormﬁtlph@af%’m Skgﬂalsttjbpda@dlarym@lﬂr@/v- noi se

bl ock converter S know.t hat i nf ormati on
conponent of ea@%@ﬁényﬁ% r%f:aﬁ'gs tﬁgﬁ'@??’%%ﬂ?y%ém %ﬁ%ﬁ“&&"* $9ARoi se
conponergs W | | daea gifftireat fréqldncyusma tavardes pllalith dee@é‘lehgot‘éhﬂrna?é"'d to
the 10 information conponent. Thus the infornmation conponents wll add

linearly into tH&eceatplita @@”té|n§n%1Franﬁﬂa'ﬂd@fswhﬁhd’ﬁ@@ldﬁﬁ isignale asteebroadunber .
The power in the, f&rf@fyeﬂel %OWIBL Hitd {heen?%ﬁp f\gr S%tg{)]f:l wll then be

in proportion to e square o her 5 recelve bei ng added

together. In COIﬁefq@eh&:le'shﬁ et bandwidtie brmosatfte@otnsmmnér [Bzatién imeneconposi t e
signal will be in proportion to the nunber of received signals added
t oget her. Thus tSRSCEN%- of the conposite signal is inproved over the SNR of

the indjgyidual subchanpeireseRplenth Raba!lilt obfechaishidger . where Nis the

nunber of channels added together to formt conposite signal. The
f or egoi ng di scumhunu@Oamsrﬁéemhaclmm altmmlttmgdbsmtynﬂhamdn\sdaed theel s in

each of the subchannel nt i c are

transmission cha/E ér}tpsat Ié’galﬁx Pf syge@a %ﬁl{rpgteﬁ ‘iasﬁ% g’ﬁﬁél s, signal
and noi se |evel &rdh@basdéﬂsua&atbu@6ﬁ6ro¢ﬁho&ée§a@mféssaﬁ&%admlv%l\? resuiting in
an SNR i nprovenent ratio 25 somewhat |ess than the factor of descri bed

above. In any cae®inahthat &Qﬁl\ﬁﬁrfhﬁa%b@@!ﬂnﬁb dmeayncheonisendhef adj usting

the POVEY of ea%ﬁp%ar‘r@ %r@é&ﬁl bﬁeﬁgﬂﬁgesﬁlthﬂﬁ rgﬁf@:}' gﬁél SO as

to be approxi mately equa o) eac Sher i n a syst
cont ent - di vi si omohmdsiteeshgna‘luﬂ'cﬂeadnnshm of thee Signaring sabmmrtdarssm tter

directs distinct sub nals toward th cg%urah%| c{ transponders, the
subsi gnal s bei n&at} P Py Rnglp\(lf\ﬁwg 'ﬂéﬁ‘ B3 %/Srh ivisign met U!ﬁ 2002 WO
991 40693 PCT! US%%Pc’e?gansp@\fem.@iédra%?&gssmeuaw@s of tFé“tfﬁFUn'd%H‘al signal at

the receiving termna I'n an exenplary analog s the original signal
can be di vi ded |Harem@t[tbbmmﬂr§itgmngnuneth@daSﬂefarmdms(ppmodsssuomf t he

fi] terogised sal of fo WAL MBS 18 RRRL Fihe LG B3hgng! o can be

represented by a set of distinct subsignals, each of which subsignals

contains less information as the original signal, but said distinct
subsignals can be conveniently recombined in the receiver to
reconstruct the original signal satisfactorily. Hereinafter this second
25 division method is referred to as content-division.
in a system using power-division to create subchannels, the
.originating transmitter directs more than one identical signal to a
plurality of transponders, possibly located on a plurality of satellites.
In said system, transponders retransmit and the receiving antenna
30 system conducts all of the aforementioned signals into the receiving
system. The receiving terminal provides means of time-synchronizing

2.



5 directly to reproduce the original signal w thout phase distortion at the
boundary frequencies. If the analog signal contains a str Q“BB’FQWC
timng conponent (as does a television signal), this periodic timng
conponent can be separated fromthe remai nder of the signal before dividing
t he signal i%%ﬁ band conponents. Said timng conponent 10pEpu$dobizgn be
added back t'o eéc of the subband conponents to produce subchannel signals
with different frequency conponents, but common timng information. This
strategy naturaly A B mong: . L.afor, i L i t he
necessary ti me- thgeiﬁéﬂg%ﬁf%éneémgp glgbgfss,iaﬁﬁ{s'ﬁé;ﬂ}ééieg%u& bwéﬁ%sv e!atéﬁ{\p%, in a
system usi ng coplugality @ vécsivisd signatsetat be apbodximatsip equbk aoki @misihesy
transmtter directs distinct subsi %nal_s t qwar d%‘{ﬁﬂe plurality of
transponders, tHi $gpalsJain a cRRRRSIIE A BeiInd M RrAEEFSasEach pei ¢

conveni ent r ecopshecidah Glnthlbe WBhANMOFLARM cithobent &Pk hAGomer m nal

In an exenplary digital system e 20 original binary signal can
di vi ded 5i nt 0 suhoisaroetpatiegit,t sichshgisel virgabeenintwid uckedrEsmarilpiin thet e | ess

than th i ginal .digital sjagnal_..The,origi di gi tal _signal b
divi ded i nt o subishamepEEcehtan@isaty Hpwinfisebiofk feristio si mpi e
exenpl ary di gi t gINSMDTheSklISA iR tRY bRSkrive tiRf thelinfeRatidh thimpongnenpl ary

di gi tal subchannel ‘strat eg\y. 25 is to direct each successive bit into each
subchannel sequeheach signabhwikhe statistically eerjelated, it the moisencaehpenenisegy i s

to direct each fi i . C I i i alnal...sjpgnal to each
successi ve suché{ﬁ‘ﬁ?gﬁiégggﬁ&nﬁﬁérréé{%'bg’tiB’i‘éﬁéﬁ gygﬁp?'gdr& @ter ategy fits
wel | wifigh di gi t piforssationecoThpowenst. tTiats teeindsramationecbrhporerits xall-aliiock- si ze
structure in the 30 original si ~ August 2002 WO 991 40693

] nal . -4 5 {
PCTNS99/ 02333 f neatly ipigsthe %%mpgsm §ia0altthabis igARrapestioado; theliswinhel. conduct
a set of subcha I : gLt i hyien o Ml ng
term nal, each Eﬁgﬁjoﬁneﬁgm@me F'ffag@ﬁle"?'gfpg’ p?)?%gtr Pgtnﬁc?gcgmglb%ﬁg]e?@ﬁ? fa‘bﬁl}rﬂopagati on
del ay. The i nst then bevre ptapontipn b thie squemnsf the Murde¢reofiaceiviedesigmalsint  of
time to delay each supchannel in order t onbi ne .t hem synchronously.
del ay required 68\”9 d gghﬁéd '&ﬁﬂ!ﬁ%?ﬁﬂe‘ﬁe\mwefi Hqﬁﬁé"%se?n%‘?'gpo%%%te
di ffer.qsThe pregefHe éd}ﬁﬁﬁéiié)s”'iﬁﬁépwiilﬂﬁé iR @eogdrioRko MRARGNIbRr ioPé&dRed t he
af oredeterm ned delay for each subchannel independently. 10 The receiving

terminal syst enfigiBlraddad tegether of hus fhe SNEIPRihe/compasite signakis)

determ nes the I : : 1 iving at

t he receiver. Thﬁé'%&%ﬁIeo(yggg@%ﬁ%%é@éHgg%ﬂgbpﬁgggﬁ%@s béchannel

si glnal s with eacéftt@;dsfem iRipowdr, msﬁéu B thel myrmsbexgfechiamhelsnaddedhr ti cul ar .
i enentation of the syste As this 15 process.is very tinme, consum ng an
sgﬁr ce signal d%q&%'rﬁp?/fof’f‘q}@ GORRPRIItS %'ggﬂ'bj ﬁé‘? fqrﬁgPﬁ‘ds/@S%‘ﬂﬁﬁ‘m oni zat igon

and pOSzgiole)' e fabluhfiel atAs HigHaI28vals aild noiBdldvets!lrpehdh bf tHdhe source

si gnal s not contain enough”tining information. The present invention
sol ves this probllchannel signals istidagtiealt i ni ng signal along with the original

signal. Said 20 tim i I ri . 1 Vs e Laa
plurality of pr opaga[}? 8f{eggﬁh%?‘%egﬁ'gg@%%wgﬂéf\aﬁg‘é’?t@?f‘&'gr" gh{] &@Y&y. The
timng signal ipehsafstiscHammeld, sigreal sak rbibe tevely bemn slightiy chifferenty so as
to be separable fromthe original signal on each subchannel. The receiving
terminal then cBebwgen subghannels. Jegwling inan SNRgmpiovemest @i 25

subchanpel s 10 g e fods thaR U TacRlr JTN AbbYfbdd SPEAA 1P Any8L&Y - the
receiver may require automatic means of adjusting the power of each
of the signals to be added at the combining point so as to be
approximately equal to each other in level.
In a system using content-division to create subchannels, the
30 originating transmitter directs distinct subsignals toward the plurality of
transponders, the subsignals being created in such a way as to permit

-3-



Al'l subchannel signals contain comon timng information to facilitate the
correl ation process. This guarantees that the subchannels ézﬁﬂ%@tsp%essed
and conpared in a known way to deternmine rel ative propagation delay. 30 The
timng signal can be added to the virtual satellite channel u]§é' 8@?333]:
two exenpl ar WO¥446fds, but the instant invention is not -5 ~12€ng 002
WO 991 40693 PCTNS99/ 02333 so |imted. A first exenplary nethod requires

that a narrow bandw dth signal be trgnsmtted across each satellite in the
virtual channel . COTNENAY 1§ fb%ﬂwﬂgngﬁéhe peginal sgnal akihe regaiiRet i on of the

avai |l abl e spectr Lot pravi } L m i ; C

satellite 5 acti f\t}*gf?n g/r%:i:lar"ﬁ)?ﬁn%%ﬁ?lta {gﬁﬁélgg?ﬁg}%'mﬁ%ﬁ%ﬁge'ﬁé cﬁag'nr t?%W band
tim ng signal prdividédsnior systpatd signdlsl using affitendEinerprooess. r tfubé fittbennel
receiving termnal s, having one or nore subchannels op the sate]lite. The
g shgnal couteh SeR Suegfedinaror BibBeien Has sOPPigRpIsg b gy
signals, sbut t hegjrdigiaBlreproRitll 9@ drigimAisigial MitHdut Hhabe distdkiokCatahg P! ary
signal is a carrier dul ated digitally by a binary pseudorandom noi se
sequence. A secobaursgesyieguenciegndf thesaralpgrsignal coptaise a Strengpéradicoul d be

time-dispersed prior to transm ssio r.eat e . i | wi.th i.nproved peak

to average vvavef@Plﬂgp?%é?%@gag‘l‘#eegr%gﬂg\’)gﬁé ?@P%l#'gtﬁfé P?\”Cf(ﬂ? §'Hﬁ'§9_arrpl e

woul d 15 rever secdiipohéntecai 56 depatatod HoRs thd fernBRelee of thé1dighalbéion® pul se.
The tinme period of either exenplary signal above described, after which the

signal repeats, @ividing the signakinte rlbPa eemppeeqgise aBaistinaingetaraponsitay

di fferepge betwe il ] j limﬁp@' erm nation
of propigati on dgéhe@%%ﬁ%r%dg%gn%&é@gn%?%ryﬁn%ét od o |¢1@g§g§ﬂt§§%ng a
timng signal inpiddeceisubshaniseltsighals evithydifferent dregjushsy ecbngubients, bait spr ead
spectrum conponent to each of _the jnfarmation-bear iurrlgl subchannel s in the

system) and wi t hEIMEPD WARGNEATMalione aHHs stigtegynaluratiyhrrovigesi e of t he

spread spectrum iohQge t i i gk tion
signal so as not fn¥ 0 re'gﬁ'ce t@g&p@%d}&ﬁgﬁ%b@%ﬁiﬁlmér %ﬁ?gtﬁ@é&

denodul ati on propessss Ththespoeidbrspect rum signal is then despread in the

ivipg terminal, t by i ing it i t ude above that of th
| nf or rafon' cont ent . AnEoRKey Bo SvskRLHEE RO Gy BiEeEonal (o the

processi ng gai n. sddHhanPERS @5 ofighiating Afmsnfltbadirdéts WistHet Q0bgighhen i n the
receiving termnal and has two advantages. A first advantage Is that the

second exenpl ar ytoware de phealityRf transpondagsy e spbeignalscheing reateddandwi dt h
i t f i | i i . A
Coond advant agesidh ¥ Wi 8, 16 BRARR coeREif R RN Ecfon OFMIPORLABE - 2

avai | abl e to t hesighal atgthei rgoaiving faririnalg Ih mnhexgmplasy digitabeystemmthee del ay
n. In one as there i lite conmuni cations

estimati ) ect, is.provided a satel
System RBi ch pr ootiiBe! Bifabysignabean be; dided antd sibchenprl digtarRenalsne

satel lite comungg bP%icZ?’ﬁé@E‘lﬁPFﬁiéilééé‘ﬂianath%ﬁ%nélhﬁQﬁﬂsié’rﬁ%l.i MfheSyst em

di viding an original sign into a plurality of subchanhels and addi ng a
conmon tim ng si griginat digiaksigsalbeambea dlivided intmaubichahaelndipitalgigneks #yst em
conprising: any number of ways. Two simple exemplary digital subchannel
strategies are as follows. A first exemplary digital subchannel strategy
25 is to direct each successive bit into each subchannel sequentially. A
second exemplary digital subchannel strategy is to direct each fixed-
size block of bits in the original signal to each successive subchannel
‘'sequentially. This second exemplary strategy fits well with digital
source signals that are organized in a fixed-block-size structure in the

30 original signal.



a subchannel divider for transformng the original digital signal into a
plurality of digital subchannels such that each digital s@&fugustieP03i gnal
contains at |east some information unique to that subchannel and al so such
that the bit rate of each digital subchannel signal is |ower than the bit
rate of the 6i 90%514 digital signal; a timng generator creapéfgssoriashs
common tim n‘g g %na ; signal conbining nmeans coupled to the timng
generator output and the subchannel divider output associated with each

subchannel for addin e L [ «10.e u nnel

i nformation signal aﬁhmv% f’%%)ér:“?ﬂeat é@}é}&x gk gggl‘mtég&ag%%g%gﬁa@f&ian?%tr mat i on
si gnal such t habf sabéttifinelofram harahsndttingadtatiorate argiven resivingd to transmt
the timng information signa means coupl ed to the signal

, ., upcaonvertin '
conbi ni ng rreanst%’{l”_t'@il‘t eﬁ%@é&'Lﬁ'ﬁ‘ %V’t"ﬁ 9€5€t ly esignee ardffetaninsl ating t he
frequency of th?tr(gddﬁa%hadmﬁﬂ gﬁgﬁéﬂﬂnv%h%‘ﬁ?r&ﬂdé%‘gg&éﬁg ncy of the

sel ected satell tr ansponder ; I er nmeans coup to the upconverting
means ot put assetaraime thve amaset lof diotectoadeisy cfach subchamselrig arter wower of

the translated, timng,added subchannel,.signal; and t enna neans coupl ed
to the anplifi e CORPIIS theTR 5¥F°'&?§88?'¥t eﬂ‘%\ﬂ?ﬁyéggwr%%E‘th%qﬁbfec&_fvleé’cti ng a
radi o frequency supseadr@pvidin tre ?@ﬁéﬁal’bé‘éb aitfe? N MheOprekBRt mobRlidh t e

contai ning the transponder selected for the associ ated subchannel; and

5~ August 2002 arovides addijonalmeans te yuplemerdithe aforegetarmingd delayrfoa
plurality of selec fﬁl i nders and creating a del ayed
reconstruction SSCé ﬁgbgﬁé %é%\g%ééd%ﬁwt he receiving term nal system
conpri siong: a nul ti piraebeasivitiy ®iimna isysiehanebes bytivateeifvi a@astiicna s from
the plurality of transponders and reserrr%iqitn% each of said signals on a

separ ate out put Vistiad chanpel,dgtariings theieiatyve gelay, betwganethe sukehannel
correspondi ng L e AU P f i t he
frequency of 'egglgwragcgrir@e@ Sl gna tgfég' %sega?’ﬁtgeér)rér%%&l@§h%?e%ency; a
plurality of decodelatingrthe stbchannai=ignhis with eacty etheoatiial gpassibds out put f or
denodul ati ng tuner output and creating .a bit stream.cprresponding to the

i nf or mati on conaé[iys&’Ppﬁﬁt@@‘g‘s%aag‘f%aqfs'ﬂwgmﬁnfaﬂf’“&fgﬁﬁPé{?ﬁpemf 315%8@ ay
neans, @ach coupl&sbskqs FepplifrRssistiniielg Etsbiiraé %ﬁgr@l‘ﬂ@?éna@it, fgs ayi ng
first-arriving subchannel 'signals such that outputs of the plurality of

del ay neans ar ethgrafoie wbjesd to false mynchrosizgtionlansbpessitde faibupited to the
output of the p 1Ly 0 | 2y, oof I o i of tion in
each of the sub%ﬁéﬁlﬁé{ﬂ%ei%t%ﬁg%é@y dlf}@%gﬁ@ﬁ%@bﬁ%ﬂ&%&% "t‘ﬁe&%ﬂr}?‘éi nal

di gi tal signal; eaotighvitining iinfoahation.r dlhat presentuipientidroselaed this peoblewt put f or

[ th | ati del Dbet I Vi bch |. si | s;
nonvol at 11 ¢ merBYIASIENg: 4 AN EEMALEIN WiB dhe CHFT sigaehc oakhd
propagaig on del ginify Qipkal hﬁwléts{atltﬂh@ réceiviiRy tebifitl S alglurlfiySse ected; and a

controller coupledTothe nmultiple-beam antenna, the plurality of tuners,
the plurality oprepgajionsaibs, each experiencigadifferent delayorTheatiminghe

nonvol ati |l e nmenpr or_receitvin i ] the.t]lmng. sigpal carrel ator
and the nonvol at'5|q¥'@i l?eﬂ%‘f“gf’e!\%ﬂ‘ﬁ(’q@{&ﬂ%ﬂgé%ﬁﬁ Sg%teg'{ Hh%\ll";é1 %cyvqyﬁgo ﬁﬁﬁ?i e beam
antenna settingsbpambie froat tidofgidabsigaal aicaeh subehanmdl. STHERIceivigy t he
tuners to set subchannel receive frequencies, and control signals to the

plurality of detefninelthsnicoresiaten tthingsignalaprivag ondliffeiens. I n anot her
e o6 SRR 8 SRR I SABTHEHE T PREBUBTLAERD, P . 0o
system conpri si ij:subchannel signals contain common timing information to facilitate
the correlation process. This guarantees that the subchannels can be
'processed and compared in a known way to determine relative
propagation delay.
30 The timing signal can be added to the virtual sateliite channel

using one of two exémplary methods, but the instant invention is not
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g August 2002 a multi-channel uplink systemdividing an original signal
into a plurality of subchannels and adding a common ti m n@ Augrsil200® each
subchannel, the nulti-channel uplink system conprising: a subchannel
divider for transformng the original digital signal into a plurality of

di gi tal subokemnsradess such that each digital subchannel signal PEHWS/R33AL

| east sone information unique to that subchannel and al so such that the bit
rate of each digital subchannel signal is |lower than the bit rate of the
ori gi nal di gitalsodingited.; Aafirst exemgplaey enethod reqeiegs tigat sanarrow amadwidin ng
signal; signal conbining neans coupled to the. timn enerator o ut and
the subchannel &idfabe @%‘?"‘Hﬂ egsas%cg?sdﬁggh \ﬁﬂ{]ei"t‘éé'&Iﬁhgﬁgﬁﬁ‘gﬁﬁ@l‘“@oﬁ&ddi ng

the common tim %r?vﬁBﬁh%ts%I%‘?&tﬁﬁ&cﬁ'%Wi alldtaObAR 8 a9hiHiAe and wi thin

t he bandw dth of e subchannel "i nformation signal such that no additional
bandwi dt h al | ocapieottuirs but gpodvides adadicateditiming sigriakiongeadanf satetite on si gnal ;
upconvergi ng neans coupled to. the signal, conbini neans ,out put . associ at ed
wh each subchaeryrarind fval pisEs enAREe il BRoN SR Radded
subchannel si gnafigrih pro@dés pasiRittionfddIde irFetmaticdtoswtahl ighrigl ansponder ;
amplifier means coupled to the upconverting nmeans output associated with
each subchannel re¢gjvingrefminalsnfayving gnever mere sHechanials andbe setelitegadded

subchannel si gng},; e ld.fler nmeans out put
associated wt h%‘é‘l&ﬂﬂﬂ@%ﬁﬁ%ﬂ@ﬂ%?? @%@?ﬁgbﬁgr°té§$‘%@?'r @qgufke)ﬁf'l(’:vg'h%ave toward
the receiving arixemplagfsighals shttethki ihetanoiventionds hbess liatedonaldifstsel ect ed
for the associated subchannel; and a receivi Bg term nal systemcollecting

si gnal s1G rom a gxemplanyysighalds a-carsgr sddiateddigitallyyoAdiiaYand creating a

del ayed reconst :?é?%g&%rﬁfon]i R‘Sis@réf d%@ke.sk ndtélé%lrﬁé;ﬁ@g‘éé@ﬁél ik g m nal

system conpri si urality o ependent sing ant ennas

si mul t aneousl y mpetiedic pgjssi dgitel pule moutchbe pime-dispeyseaf ptisratosponder s and
presenting each,of said signals on a s at e _out put rt; a plurality of
tuners, each codfnsiiegod td&fede soaarAlRRhdpadatooa Ipiersol - August
2002 beam ant enRgyviéih pré}ssrtied OThier @esivirg fRantime if tifs wsapIeivaragh
received signal to a fixed internediate frequency;, a plurality of

demodul Ht ors, edeYerseUupedime-gispessa msapRFdiontEcoMAd NautatimeRUlsedul at i ng
tuner output an r i ng. i L.aStr i he i mat i on
content of the i@o@@%t%'@u cﬁlgﬁeq%%maa g%‘?gﬁ?'?% dc}% %%ﬁcté@gﬁ’egﬁg{ each
coupl ed to a convlishydneslisigoat espechts, avoulddad fmgef dthiardeliey ithe gfeatest arri vi ng
subchannel signals such that output f the plurality of delay nmeans are
synchroni zed | n SXPREIECLIRIRYATareRER BeRkPer SUBFRRNNES (thEs GARISAINGT t he
plurality of de'ﬁ%nﬁﬁ?ﬂéué QbterRATAtINGE H&%a?ﬁfi&’i BBlgyon in each of the
subchannel s into a delayed reconstruction of the original digital signal; a
ti mi ng 20 gnal corr el & secendipkenptary eaethod ofdncarporalingf atimingasignahin t he

rel ative del ay hetween arriwin ubchannel _si | s; ngnvol atil e nmenory
for storing inf 36??%'?% S B%Etfe %ﬁiergrcé%ﬁ%ﬁ%faﬁg'%ﬂraoﬁéﬁéﬁu Cﬁé'f’hy
properties of thempdriditlto@aandlite iffoRpatieh-dehAny sabehanmeiin td er coupl ed
to the plurality of independent single beam antennas, thea_l%l urality of

tuners, the plursysteny, and sdihity theebardwidkie of pach §ubshiannel c dhearagaitidand the
nonvol ati | e ”e”tHthé%éréﬁggé!%}ﬂﬂn%fr&H | Sorh c%%nttr??n%d Bgle?'tlﬂ?d}ﬁ{hecor rel ator
Mory - an ro {0 eac

and the nonvol atile I'ssuing control signals I ndependent
si ngl e ZBam ant dnfoamatiohisighdl sanasinoeint regucertte .pepformanzeof tve normar ol
signals to the tuners to set . subchannel t‘. ceive freguenci es, .and control

signals to the JPEFNFI f’?"’lﬂd”l?éioayprﬁ’ﬁﬁﬁ d§eSpiead SR E@”Wé'@f'ﬁ%m out put s.
In still anot herdé%@ﬁf%dnicn fe%eiv"?r?gpfé}miﬁﬁlgtﬁ’eré@%“r’rtﬁééﬁn @t%@g‘;r‘ﬁﬂ}d h system

whi'ch provi des an ed digital® comunicatio anner, e satellite
comuni cat i ons sxiverthabopthesinformationuéanteohahhelinarpasain sigatiklevdi igi di ng an
original signal into.,a pb yrﬂ}léty of subchannel.s and a di.@%{a mon tim ng
signal to each RIBRAZIANE 1o PGPS INg e T NS PIGReSS Ja¢! %“’o‘ﬁ%?)’si ng:

30 synchronization in the receiving terminal and has two advantages. A
first advantage is that the second exemplary method does not

-6-



a subchannel divider for transformng the original digital signal into a
plurality of digital subchannels such that each digital subc hepnal
carries identical information at the sane bit rate as the or?gruﬁgkt%?gt al
signal; a timng generator creating said common timng signal; ~ August
2002 signal conbini means coupled to . the tjimn enerator output and the
subchannefncﬂ?%ﬁ%@e Bg?%ﬁﬂh%'{)eﬂ%ms\ﬂfhﬁ 35@?‘ Qﬂﬁ'g'ﬂ"gﬁﬂel for adding the
common ti gj cﬁﬂgé at SAPCcAZBRSHhd AT AMBBEIiQ P yand within the
bandw dt hgg e?c subcﬁgﬁgg{’gi nf ormat | on si gntgp su%ﬁttﬁgﬁ]no addi ti onal
bandwi dt hbahtwéthiodnhé infornatiaredhamnel isavailable ke the timing signat mat i on si gnal ;
upconverting aeans, coupled . to the signal c¢onmbini ng neans out put associ at ed
with each' %Hh@'lg%f'gﬁopf'g'ﬁ@'éﬁ?’?\ Weeﬁ(‘iwé%ﬂ%hcy of the tim ng-added
subchannel signal tv the frequency of the selected satellite transponder;
anpl i fi er nelreasppletheraistphevi satellitei gogmunieatiops sysiemahidti ated with
each sulch I~ACH LM ~afid 0 Ng added
subchanﬁgpleggghaeﬁﬁénadﬁgqﬁ% génna Erjr@gantg)ﬂ\é\%égﬁéelﬁﬁtg %aﬁeﬁ{@é‘g&nﬁnﬁﬁ 'i’cgfrlddr?eans out put
associ atystemvcempigindi subchannel directing a radio frequency wave toward the

{he. avsoci ar SanamscruiotdeRat S aGBRG Y RapRl SghsCPRPErpRBEeL g

signals froma pl suthatyel®tind alldioy eccopahean timing sigreah $peacresgbchadnaty eati ng a

del ayed reconstrugtion.. he oridinal si .the receiving term nal
system conpri si ngﬁ‘eﬁ@ﬂf&[‘?@ﬁei”@@5%3’3%%?5%‘3‘9&5 Ul t aneously receiving signals
fromthe pl uaaubthanatl dividersioo trdesfernangl ther erigimdl idigitabsighaldhtosapldraditygnal s on a
separate output port, .a plurali ) agh..co .

correspondi ng nul &lr p'ge'%beéé%cggndné}r%‘n%[%%ﬁgg{ eﬁgﬁt 8@8&! g?%%%lnh i %'g?n?lhe
frequency of eachcordaips atleast spnad infaymation umidue to thahwdhichbendlmaduwsocy; a
plurality of deno i out put for
denodul ati ng tunergwgﬁtb%ﬁﬁe gﬁgﬁgrogg I n(g&gat' g%"?"é’%ﬁb‘%ﬁ@%?? lékg%rittglgﬁlhse in the
form of digitizedbitieaté of tba-oviginal digitet eignall ues corresponding to the

associ ated s : : | Jd : ., each coupled to a
correspondi nghﬁmﬁ%ﬁtg’r&%ﬁ[ uétaw%dr?ﬁ'ggrﬁg@n#ﬁ@’st -arriving subchannel

si gnﬁl s _sucgsi_gm{t casulfining sbeaiso godnied do stheftiring generatbr outpet angl the mﬁans are
synchroni zed I n t i the
plurality of del a%%gﬁnseqp %&?bg&ﬂ@és&ﬁ%&éﬁdﬂ%%ﬁdﬂ% Pﬁ?%tf%dtdmgeci si on
from al | subchanntescamyoen tiring signal aiedchl sbbghanneldotonsatierc sigoal and t he

original digital giaRahe pan i%r@e%igﬁggb%ﬂa‘?{néﬁln?&r&%ﬁwgghgﬁ%&gﬁ thach tuner

output for neasuring the retative ~between arriving 1annel
signals; a digitano @dditienaitbandwistifp laiecation tis geqrdregy tontsansmit thep timingf or
providing an addi j:;jpRatio®gssly € of the relative delay between channels; a
nonvol atile menory for stofring information about the frequency and
propagat i on dracayering peans eeuried torte gigpalirembiniag Meress pytpibasseriataded; and a
control I er coupl egltf BadtsugtHAReR ¥R tﬁﬁamiﬁ@&@rmueﬁaeoﬂqherﬁmaﬁ%tadd@d_ tuners,
the plurality of delay nmeans, the timng signal correlator he digital
correlator, and t¥chamedl signele taedes yireguencec of vihey selegted ssatellite t he
timng signal corgglpbAderand the nonvolatile memory and issuing control
signals to the nultiple beam antenna setting beamdirection and .

pol ari zat i or@meliigt msrang;qeHaled todhe ppcerieEling Meage Pulyh @rseriRipd MéBei ve
frequencies, and gfupt §@chahrEI3bSincRaking AbYWokdriof e thsRed RMISg1 O
synchroni ze delay nmeans outputs. In yet another aspect, there is provided a
satel lite communiddedsybchRanoeksignahiad provi des an enhanced digital

communi cat i ogntem@RRhns tHdpiedicttel AfpIFRFTAEENS Hutp DsSYGABIVAGI&IchS| Ng:
" subchannel directing a radio frequency wave toward the receiving
antenna of the satellite containing the transponder selected for the
associated subchannel; and



a multi-channel uplink systemdividing an original signal into a plurality
of subchannel s and adding a common timng signal to each subpanguse2002 he
mul ti-channel unlink system conprising: a subchannel divider for
transformng the original digital signal into a plurality of digital

" or mat (ForER it 1L Bre) Splsting ipErREn & ARl 8y Sepsel fn | c

tim ng~gener atsatellit¢ denspondess cind ocreatingt anderl@/&dl mans»trtwtlgmaqf tb%nbl ni ng neans
coupled to the ti erator. o annel divider out put
associ ated w t%‘gg‘%}:ﬂggﬁb@ﬁé‘?ﬁé\fmqfé ’R%lﬁ%ﬁge"% E&“@%n timng signal to each
subchannel information signal and within the bandw dth of each subchannel

i nf or mat iEAUYPIgrRgRMsaRiBNIgIMURBNeayalytrPesidng Bignakifomthel Rlwellyichn i s required

to transmt th SHAREs A HeSBtinbath N &aid siyRSE ;%9 t@%i@ coupled to
t he signal comle)dln%?ng srgrs\s*ansﬁ)trc(?ut plup assoc?%a{t g@ rb\ﬁeégé uaust 602 W th each
subchannel fomott ansl ati ng the frequency of the timng- added subchannel

si gnal t%p;}m%n{yrcﬁqwgyea% éon@ea%%%ﬁ%sﬁ@; Lﬁmg@grermgneﬁ@% anplifier

neans CcCou upconver gaeneans ou%p ocl at e each
subchannel foroutnutrp@as‘prntjamsi@lrp riregtiengyeoft @aphgegeived signal t9ga added

subchannel si g édmt ﬁg(ﬂiai ans coupled to the anplifier neans out put
associ at ed W|t eac %?%1 le recting a radio frequency wave toward the

recei vi ng rlwabiyrd d@modh@t%‘at@mlqodP@dﬁ@ & samegpenting tuares putpdior sel ect ed f or
t he associ ate i : l ectin
e Eﬁ}ra ][%Ug)uf‘aﬁ@ }ﬂ‘%% |"te FBaHﬁ"‘Eor’F gﬁm\&% g

signals froma ecte _ transponders®and creating a
del ayed reconshe mtqrir@horoeorttemt ozﬁthegﬁasacla@dguamannab recei ving terminal

system C%gﬁl[li'aﬂ)ﬁgf d@iap! HEAHS téécﬂf%ohgfrlh@ftﬁ X Pre§ rE; Pg ABYARLFNNAs

simul tan recerving signals ura transponders and
presenting ea@HtP@ﬁ fardedayéngtirgt-arriging ssubefrnngt élgbﬁlﬁ pﬁﬂ?h prattoutrutpl ural ity of

tuners, each %pmlrﬁg.aﬁtgo@dg,ggﬁfegﬁggpgMch@gﬁgqu@ﬂg si ngl e beam ant enna

out put port for transl requenc each received signal to a

tin
T | POrigia i camTer cauBREy o e HENALT e Shralbnuday ShEansdaen. counl od to
a cor r espondi ugbiie wRUHRHhafd |nABRRCYIAL sDBcnGR iR Publagés! cr eating a

stream of soft decisions in the formof digitized
deci si on- conf reranstuction @ heciginat gigialisigiatio t he associ at ed subchannel ; a

plurality %mgeél §lal "R Eator BSUbIEP P leBh téhe? &Qﬁdt%P‘?ﬁ@HsﬂﬂnéjQﬁ@dm at or

output for delaying first-arriving subchannel signals such”that soft
deci si on out puQ'gt"@fdQJﬂVeb%Wﬁ‘?'hﬁWWVlQ@Nb@l@"aﬂ%&@?ﬂ% are synchronized in tinme;

a digitah aemRiRf lﬁ@MB}ye%rt %tdriﬂ@ P\‘Pdrﬁiéilo@faddm? ifﬁbUfr@cﬁuérﬁ(:yOizndjeI ay means
for conbining soft decision fromall subchannels received into said del ayed

reconst r uct i oRTPRIRIRD dRlRYPIRRPIIES fo[hél"'“éiabﬂ?i’lmeﬁ o peseiegtedi 8hl correl at or

coupl ed b(bdg&ﬁﬂbrtdélﬂﬁléd Qéllri&lhufti@ge mlumengattlhs plhiay lovlﬁ,lr%ﬁé ae Eet \C/jvelen
arriving subchanne a algltal correlator co e t the del ay
means out put sP %r?fv%&%ﬁg"’éﬁ?"édgg‘?ﬁdﬁ'ﬁg ﬁ'gﬁguFerSIPﬂFh@r\de BRive del ay

bet ween chann@bfvolatié memory for receiving signals from the timing signal
correlator and the nonvolatile memory and issuing control signals to
the multiple beam antenna setting beam direction and polarization,
control signals to the tuners to set subchannel receive frequencies,
and control signals to the plurality of delay means to synchronize delay
means outputs.

In another aspect, there is provided a satellite communications system which
provides an enhanced digital communication channel, the satellite communications
system comprising: .

~7a-



~ August 2002 a nonvol atile nmenory for storing information about the

frequency and propagation delay properties of the virtual cgmgglsﬁz@@ be
selected; and a controller coupled to the plurality of independent single
beam antennas, the plurality of tuners, the plurality of delay neans, the

timng si %nﬁiultﬁtﬂfarnﬁéla&ﬁlfnk éy@%nﬁj'dﬂhdlﬁ’é aﬁ%r\’g%a?ts‘iﬁnal WQ 4 BRirappwel atile
menory for receiving gna romthe timng correl ator and the

nonvol atil e neﬁHP‘}haéi‘ﬁG'Sl%@@W@%ﬁ@m@mé%'ﬂ&ﬁ@ng‘doeﬁi’@h subelaPepldent singl e
beam ant enna segd hafi- g}%ﬁmmpq,@@gys@é}n@g,d,pﬁgh@rl zation, control signals to
the tuners to set subchannel receive frequencies, and control signals to

t he pl ur ala sypchannet divideniieanstorsipgdhe orgipal d@ltaiwqméhn@ dplyseits. In still
yet another aspgcfiqitd|ng A Njcfetha sareldiditaf sQBEﬁ‘%HHeFastl s system
whi ch provi des%analg'%an%lgchbgrna og CcomTunlécatl (I)dr'l channe thed satellite
conmuni cat i ons copteinsratdeash sorp infornaatien luniquetta tias Isubghannr! angsalean di vi di ng an
original signalg eﬁ%}ﬂ nmon tim ng
signal to each gsﬁitﬁéﬁﬁg'% (SGftééc Pigﬁéﬁ%gjﬁn ?gﬁ]ﬂ%@&egmaﬁdﬁ%rl sing: a
subchannel di V|bdeatefqﬁthet¢rmmdigﬁalr&§9rtahe original analog signal into a

pl urali tyaqmlﬁgg%lqgat%pg@gﬂg%g&a SRR NtRAL g@ﬁﬂ subchannel signal contains
at | east sone ormation u ue to that % annel ; a tim ng gener at or
creating sifindl combining imeang @ngh?dl to ﬁegﬁmlngcgﬁmfﬁtoﬁgomn@nd: il ed to the
ti mng generat tS14bSaBH Slith Ua¥ dg() HAh Bk iated with
each subchanne% or aglddl@a& %e&"(l:cs)agmrgér? ?m'n ° h to ealz:ﬁédi&gchannel

i nformation si @mporam@nvurmn@ ﬁlgﬂﬁletob%ﬁ\’bvﬁ@tchaféﬂel éé@ﬁ‘aé'(ab@mﬁh@md i nf or mati on
signal such t i ROma stk bt BRGNS iREAEBA sighal SaeH gl to transmt
the timng information sig upconverting neans co e signal
conbi ni ng nean@oo%dq@imnahbéwlé@e@ﬂoﬁmqm Baksquised ¢h anamit itae t'mi%t-hsl ating the
frequency of thﬁoﬁﬁéﬂoﬂ%ﬁgped subchannel signal to the frequency of the

sel ected satel'l'ite transponder; anplifier nmeans coupled to the upconverting
means out ploconyesingiraeans Gmlphdé@tm signst pembiaingfaransaeitrih apsngiatet power of
the transiatedy &ﬂe%gg néutrefc{am.hg%ﬁ@ﬂaauenw@fmémmm g8ddugust 2002

ant enna neans coupl e fier means output associated with each
subchannel di réébq"h@@na' r%ﬂ&b fa e@@eﬁ@ﬁumﬁ)’e Aforthe dselpeted egaiellifhg ant enna of
the satellite g@pi@inARg the transponder selected for the associated
subchannel ; and a receiving termnal systemcollecting signals froma

plurali tyarﬁpﬁhﬂéﬁh%h@@oﬁﬁb@'tb'tﬁ@ ubé&%ﬂma%éénsﬂadtpﬁf Qﬁdc%@mﬂﬂ ayed
reconstruction of the original %ﬁg§% he receiving term nal system

conprising: a SAshtgybraa tfr?ra'ﬁf’@ﬁ FnPOWEH &b §e Yaﬂgé@ﬂvﬁ'ﬂﬁ‘gsl gnals from
the plurality meagmngw@wﬁgﬁdpr esenting each of sai d 5| gnal S on a
separate o ort waurall f tuners,, each co %ﬁ

cor r espory ‘?{Eﬂ "E"?spF%' 2 téi‘ﬁt eroﬁ‘?ﬁﬂ? OH@PE apgnciated, wih aﬁaF?ng t he

flrequlency 0; é@@@braérf\@euwedm@l ggahlot ﬂe@defnvcye,@bventcsa\raa@olh@tr@céwsﬁguency, a f
plurality of denodu C ypl ed, to a cor tuner output for
denodul ati ng 2N tgﬁtsaéﬁ'gtec?‘ggﬁ \E')'H% the teansp %%g?edgg}r E@pondl ng to
the infornati %s@@é@d@hbﬁanﬁbﬁaﬁ@som at ed subchannel ; a plurality of delay
means, each cou d to,a corresponding d dul at gr tput for delaying

T ot ar i (oo T, B Gy S@i, e actias Bbrefattony el O helodPa f 11y of

del ay means arsateiljte ahanepoddess landtéra@tingaa @m@}edgrmnﬂ'rmon ohthéed to the

out put of theLFEJurﬂllt ans conmbi ni.ng the information in

f del.a
oach of e < Bl Phretdia thana, a8l S BRI | on of the or i gi na
anal og siagp&irahtﬁofumep@nd?emnghgwousdaai ahtynnagtamhaltbmuaylcrbcéuwngr out put for

measuring the rel atjve @ye en arriving subchannel

nonvol ati |l e ne'ﬁ’ﬂﬂa% #Qﬂ‘t ?BW‘H YIRRRIH a&ﬂ&?seﬁ‘ﬂaﬂ’ F?ghﬁteg?d‘? and
propagati on dej |S|Q5rp@eé;§arg@aﬁpatlperwl rtual channels to be selected; and a
controller co g to the rrultlp?@e{beamantenn urality of tuners,

a
the plurd Pl“&a &ingys.ngagis coy 9 fi FRyreSPERANg d@erpéﬁé?'ﬁrs'"%%d t he
nonvol atile nmenmory for receiving signals fromthe timng signal correl ator
and the nonvolatile nmenory and i ssuing control signals to the multiple beam
antenna setting beamdirection and pol arization, control signals to the
tuners to set subchannel receive frequencies, and control signals to the
plurality of delay nmeans to synchraﬁrze del ay nmeans out puts. -7h 5 August
2002 In a final aspect) there is provided a satellite conmunications system
whi ch provides an enhanced anal og communi cation channel, the satellite
conmuni cations system conprising: a nulti-channel uplink systemdividing an
original signal into a plurality of subchannels and adding a conmmon tim ng
signal to each subchannel, the multi-channel uplink system conprising:



a subchannel divider for transformng the original analog signal into a
plurality of anal og subchannels such that each subchannel signagusizgo2i ns
at | east some information unique to that subchannel; a tim ng generator
creating said common timng signal; signal conbining nmeans coupled to the
timng generator output and th ubchannel diyvider qutput associ ated with
each subchannel fl?ﬁa”gcﬁﬂt‘?ﬂj‘at I’?H%é’grﬂ?ﬁh?‘?ri ﬁpﬁ%atg]ggﬁ}g ?WSB%%hO #ERannel

i nformation si gnaleceitst ¥ighdlitd atiRed Mestehadrtdréduedagh subchannel information
signal such that ,nofa ditjonal bandw dih allocation is required to transm:t
the timng ihPYFaEL P @?‘h’?ﬁ&?rﬁvﬁ ?R%@ietdltﬁga FRIEGSRORH DD fgr CBPHAT s gnal
conbi ni ng neans Oc;érﬁwulamgqane%tmbumhb cPatftifg TUBIE BipeHIR lcofrédpohtimgebat i ng the
frequency of the tim . ng-added subchannel signal to the frequency of the
sel ected satelli ttéeﬂ'}f%F?I@ﬁSH&QFt?"b%'P? pesociatRdsWCchaehl ed to the

upconverti ngy PRAMRY Oty R8RS éddddcoMpldd RAEhcoTtEapoRIMY demdHulbfder easi ng
the power of the translated, tim ng added subchannel signal; and antenna
means coupl ed to QUiRHtARDASIAYIRY fird-aAingusybehanned signalscichiithdl QRS subchannel

directing a radi qfftieURMEYONMRILG rhedMaIfe EffRhFRERUVA Bfeant enna of the
satellite containing the transponder selected for the associated

subchannel ; &iAgital ¢ABRING. eRyPlask 19 thg) owR 1 ihe Plyrality ioh gelay gneans fof om a

plurality of sel egh@fhis@tt InfdralibR s BAHIST the MBckaRRls iR & ddryayed
reconstruction of the original signal, the receiving termnal System
conprising: a pl UPENStryclian ¢f thrprdiorl dioital 19135 beam ant ennas si nul t aneousl y

recei ving , sd GRMcP sigh@intdrRatbt Lbapled Yo Wach ransPomger ﬁr%@asﬂﬁﬁ%&ﬁéi ng each
of said signals on separate output port; -7i August 2002 a plurality

a Ut .
of tuners, each dB@fYeeelaybatwesn aEHERIbAiaNRhEIgRM ent si ngl e beam ant enna

out put port o Gontslame! alehidgy tfoe Storfgu aiFsinbn easdut’ Beeirégdertydard to a
fixed internediate fr%guency; a plurality of denmodulators, each coupled to
a correspondi ng tRIPRAI2EOR ey praredisn ot thexintys) coamners 9 besgtectasiiaed eat i ng an

anal og si gnal coHifoll&rsgRpRUNE thepluhlfity éffifdepahiemn s Bedm ahtehhigs,agsoci at ed
subchannel ; a pluraljty of del ax nEI\ans, easq coupled to a ,corr,esagondl ng
denodul at or out ptﬂ'urf‘{'ﬂ’ felungisndhe i Rwality of; gelay ra dR&dIMiBg Fi& such t hat

outputs of the pldefralatdryand titehevoraimepiosy foftebdiving sRfaisrdrh MBe an anal og
conbi ner coupled tq the oqutput of the plurality of del nmeans .f or

Gonbi ning the | niBIRGEEEA oReaiangtie Reteislermensndbeiaarontall ayed
reconstruction ofg; i Qina Ji I t4.4 ] I rel ator
coupl ed to each tstl_#%?s g%t%u \\ngreaﬁﬁe&aégbfél”%@t%egﬁ} e%ng%rﬁ%eéégﬁgyb et ween
arriving subchanrlrectdngremids polarinationo| eqntrioe signaly ytof dre durgrsntp iset or mat i on
about the f requengoitloPf:3BR8Heh Bbhdie] 2HdRDARAIIAER £f tnb Murkhf el

channel s to be sel ected; contr er coupled to the plurality of

i ndependent si ngldelaydneansrio shnciwonizendelay means eytpyls. t uner's, the plurality of
del ay neans, the timng signal correlator, and the nonvol atile nmenory for
receiving si gng siifdrdMek BSpddt, Théld isSP,%oalad aQhtdlte bohnRRalidi’ SyeRHPhALh ! €
menory and issuing control signals tow-~each independent single beam

ant enna serfavideg apemhpacadedigitad Roramynisatien shaanelothe seélite spmaupialianst o t he
tuners togegimedhpRgnge! receive frequencies, and control signals to the
plurality of r(T:]el ay nmeans to synchroni ze del ay neans outputs. DESCRI PTI ON OF
THE DRAW NGS Fiagmult{-chianinel spifnknsystem aiividing @akoriging rsignal inta s pbarality of he
present invention. Fj i m@a% b i i of one
enbodi nent of the prgéjggﬁ nfe%'v%rf{(on. Fgmm%ﬂitgﬁ{gé’glghg%ﬁalghgHg&Laﬁmélm t

bl ock di agram of andbéeultechzodehuniink systemEompEsiagt i nvention. Fig. 4 is a

schematic and ¢ g@ihbnd) Qsiaed iR HE i RE RFiGinal digital signal into a plurality
of digital subchannels such that each digital subchannel signal carries
identical information at the same bit rate as the original digital signal;

a timing generator creating said common timing signal;
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enbodi nent of the present invention. _7J_ g August 2002 DESCRI PTI ON OF
THE | NVENTI ON Referring now to the drawings in which |ike rghgbggggmz
nuneral s indicate |ike or~-corresponding eleri~ents over the séveral views)
FIG 1 shows an overview of the satellite conmmunications system consisting

of subsystens 12 0 6. Oigina . anal g€ le divyider 24
whi ch separ at essd"ﬁ'g CEFéHEHQ i saé%ﬂ#’aﬁ {@ngﬁfﬁﬂﬁgﬁ%@?%@tﬁg stHgThe
exenpl ary syst em of dab&hanhebdicider tutputrassbeiated withideshgubtisannel foeafdiog , but
the present invention is not so limted. Subchannel divider 24 creates the
subsi gnal s by di vi dithgycemmgnriiming isignal toceachrgybghamngl dnfermsttion wignabamdbds. A
first nethod divides, i : j : NV | met hod
all the subchannel 3“{'{8@“? téﬂrﬁglr”b@lmng ?%%@SE%‘&%A%WG%W%%@@%UQ{eh%E

i dentical. A second neeadditibnagl barkdydthhallosatipnals wequiréd th drensmibfthe dimimant . | n
this second nethod, ; 81911?5 nel signal carries at |east sone

i nformation that is"ﬁot é@ﬁ%@%f’by the ot her subchanriels. The information
content may be upoonvalting reearisusiupleddo themsjgral esrhbiping etevwsoutui ebsotiedéds, but
in any case the -7k, k annel

si gnal s under the Sgv(%tgﬁegéﬂ%\H/?%lwgfwﬂ%éfg%ﬁi&rtéa%%fr?%??%ﬁfh%ﬁﬁﬁg%ﬂﬁ%ﬂi rst
met hod. Each subchamshethagnginadigiatetls the drequencyt refndhe t select2dasadije each of
whi ch uplink transr‘rihlah%gcﬁ‘dégeds a separate antenna 28a-28d, directing radio
frequency energy toward a S'plurality of orbiting satellites 14a-14d via
propagati on patahmplifi@ameses coyiédke theawseonvering naguns 28 dpwetdabsbiiaiedgwith gnal 23
to the signal to be ] It S r egy cation
or in the bandw dt h%‘)’?ﬁg ﬁg?;ﬁatr?ﬁ glr @ét'ﬁ%ﬁgﬁr&aﬁen a@%‘?éfte'{e. ﬁ%ﬁgié}g%eﬁhp%ngry
system of FI G 1 shadded sbchantadsignal;eadel |ites 10 used by the systemto be
four, but the i ' ' | | 1. t.e at.eal | 4 4a- 14d
recei ves a banéﬂ%%‘ﬁgﬁ%%d&éﬁ%ﬁ%@? tgﬁiﬁ{'lﬁhp E@ertrhgéisﬁ %ﬁgﬁ'ﬁ?ﬁ}gglgfe?e\bdhﬁ ga%hat

band, and retransni sgbetasneladicecling za dadio dreguendyo wave ooward thee regeiving um
Each of said satelli t 140 te udes
receiving term nal gb%t%g?n gﬁi g?e@?%pégé??ﬁwoﬁ%e:pﬁgs%gégggle{:@grﬁofeac
satellite 1l4a-14d t @ssagptedaynchannal; anscei ving termnal 16 carry radio
frequency energy s Inbi 435 t he VIR Ta rgen%lt ystem
16. It should %erefgﬁgfgps%grﬁgh{ %gs?erinl ?ﬂ%ug %?Fei 1ﬁc§-g§% x)!tldgglg%(%f url) ien si gnal
being carried by a efteflite &anspanders| pre cregtieg it delayed i raoensiruelion of it so
limted. 20 For exagRLifal didraN mSAdIe étEﬁﬁﬁ) Ringl4b coul d be
collocated on the s_gﬁ I aéat%r%ln'i E%%I%ﬁﬁ]tgﬁ{ars cas_g,‘ up inﬂﬁi {nrgansmtt_ers 26a,
26b and upl i nka4ntltipiafeapantennazimuitarepudy (regving signals frean the wlusality of on to
satellites 14a, 14busRESdAagR!diatrbdining BRciPer sd Libfals B aRaRaoBypal s 162
20a, 18b, 20b in this case would be conbined into single uplink 25 and
downl i nk propagati oROfat hs. Receiving terminal system 16 incorporates one

of two antennaaPirARyof teld, etk BBEHNEYItd Aebiagonaing! Hifhk insalf aBhRNNa
conponents to receive the |_|?I urality of satellite signals 20a-20d. A second
i fe%@g%ﬁﬁ%ﬁ“gﬁ

met hod i ncor por at es CHtPHEPER fPretranskiting (e flaauenel dsighd Pk FIG 1

uses multiple beam §lbdintepmBaia®lredidhcy;he present invention is not so
limted. In either of the aforenmenti oned r;cei ving term nal antenna
met hods. t he aftPialfy of, demodulators, each coupled to a corrésponding tuner output for

demodulating tuner output and creating a stream of soft decisions in

the form of digitized decision-confidence-values corresponding to the
associated subchannel;

a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that soft
decision outputs of the plurality of delay means are synchronized in
time;

a digital combiner coupled to the output of the plurality of delay means for
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~ August 2002 WD 99/ 40693 PCT/ US99/ 02333 subsystem produces a plurality of
out put signals corresponding to the subchannel signals energAagust 2002
subchannel divider 24 in uplink system12. In the exenplary systemof FIG
1, each of the nunbered signals energing fromnmnultiple beam antenna 30

correspond to 5 sim|lar nunbered sig ted b subchannel di vi der
24. This signal |derﬁ°mw¥?93n%?tn§e?'ﬁ'8€ &ﬂ@t ﬁ'z @%w § decelved infapsd Fig 1
are distinct or reprgsel rémsﬁmn%ﬂr@drlgﬁ@| agithlgjrapt ed in the foregoing
descri ption. The .subchannel aﬂga s emtted by nultiple beam antenna 30

feed a plurali 3 tig¥ng a'ﬁea'scq;'ze' i EpuRle to (ﬁaPk}éU%erp‘P‘HP‘éq forymensuting the

denodul ators 34. A skt déiﬁ?bétwagnfafrﬂ/mg@wcﬁﬁnriehﬁ fhgodul ators 34 then
represents a versjion of the correspond |n8 Put put o? subchannel divider 24,
g

but del ayed i n & digal ﬁ°'i5‘?'6ﬁ96rq0?-'8|ﬁdt‘@ thee delayn reeansh eulpEifyfaisprgvidingean
correspondi ng upl i NkaRknSIHELSLRKoftAE RAGGI My RRkISerlEhaAREIs20. | n recei ving

term nal 16, delay conponent 36 further delays first 15 arriving signals
such that all thdosvdaiianmemonorfpordaiing dfermpationt akaubcthgn frepuensiybenér 38 at

near |y the same ti MyoSyaflof QHY BRibefis B MRUARRI Bhd NS HeEldcRll; 4R

original signal 22. The use I n subchannel -co ner I'S consi stent

with and corr e@p‘éﬂf@@"@rcﬁquﬁ@drf@tﬂﬂﬁ)mtﬂ@&jbﬁm @ntenga. Heirurabty %ltl@%ﬁ the in
subchannel divider Zgai) 6@H%{%eWﬁ@TtIH‘nﬁ| §|gQéi) 0-5 a'td?Sttﬁé‘tdI%IPa\fent' on

uses one of three nethods to affect the dividi n% |n| n rati ons
of subchannel di vi déPrrelatainand thee Renve@EtilecHaBIoRe réféce"i"ﬂgéé&f'ﬁlscﬂo@a*h‘él

met hods, subchannel tnﬁH«Ng ggﬁal%@rr@l%td?'aﬁd te hERARLIR rﬁbﬁxbﬂl ér{dlusgjmgi%dtmf

transmtters 26a-28b, but gnhal s ener gi ng from subchannel divider
24 are different in SRl 39 d'é?)éﬁdi'ﬁi@ ksam aetening; egting é%?é"bé’ﬁﬁ?tmnnaf‘%t hod

used. In a first . %}é'n%ﬁ!ﬂ\ %Bﬁtré] hfid 'ﬂQtHB?Ed?@FB tP5b05MhafhdlBkeide | S
digital. I'n said first nmethod, subchannel divid 24 divides said digital

signal into |ower déﬁeﬁl‘?’&'@ salﬂﬁ’c%ﬁrr@éls'gé‘?@n@l ﬁ‘e\/\PlﬂJFﬁ"bi ehdplayomeans t@ hat

contains at 30 | eastgygiinipdiisia) eaRX6lLigaisve i nformation. The division
could be on a sequen%ll aI bit-by-bit basis, could be an a sequenti al

frame- by-franme g ust ﬁOOZ WD 99/ 406??1' PCT/ US99/ 02333 Faaz} and
may or may not T Fteﬂr@ﬂl gB%féq P18 I3 PRAYIdRd 3 satelite COmMUNICANONR BYsfel WaIChnal .
The exenplpadliddsetténtiafged eigitalrRammimidationtitanna!, tepsatéliteomnauriestiohainnel
digital receivin stem where the radio frequency carriers feeding the
denodul a|'(tj(§V§ Wg%ﬁ'"gﬁb are quaternary phase 5 shift keying (QPSK}
nodul at ed signals, but the sent i tion is.not . so lLimte figure
further indi cafe@uitiEhapg k‘ﬁﬁ‘"g sYalem J%Q%%H’@ﬁﬁ@”@b ntoy & p{E‘F?é'pr sent
invention is not soslbd¢iahAéls aIRafaaHrrigrbgc@mbntmmd%@alzo earuh supdhanheliam
antenna 30 emts first and, sec |s into.first and second tuners 32a
and 32b. Each tuner f&HMHi sChQ“% M@?%F%Brfs"?grequenm es to a band of

| ower frequenca@beﬁarﬁ@uaivndbaftdmﬁtsﬂ@nﬁmghhé bagmalaﬁ@'tarergnanntd@bluwutylz sets
the center frequenc t,he, hi a but, t he d. |s fixed.
Tuners 32a, 32b em %fég 8*@1%5‘?[?08"5[%3 eécgtdlgétaL ?‘i‘@%ﬁ@'ﬂ%ﬁr}] Signat cqrfies QPSK
denodul at ors 36a, 3@eznéxgédforniation et thewsameAsit takeasetharceiginabdigitdd slymahel s i n
the 15 exanpl e ata.rate o H]'ﬁ%s'gﬁ ry information contained

f . FIG 2  the
| these. apok 8N Senetath BRalit e PhRman e SaBaLY Lt of or | gi na
si gna: 2t2 TBe tsrggalgeo:’rbinhgomepn% gcguble@l‘ﬁKtlﬂetrmmgl genaratoB Gautpl8 6ande e o
signals to [ etec i.ch i i nary
data correspondi ng 0 ‘3}?8 %Lfﬁ\@ (?l%?cé:i‘ 8‘%Wtﬁ e%ﬁ gﬁﬁ&é’@ééﬁwfigz Del ay
operators synchroni the cdmanﬂattmmg sgaalstobgachrﬂxbohhmehgwfafeiaagn isignahand
first-arriving blnar is,a m. of ariye del ay
bet ween the respecti B'“J@Fi&ﬁna @H’h?P %ﬁ@&ﬁgnnebl ? t'%&l’ﬂ”@h%&%o%#/ner 48
reverses the cont ennhodidditnahbadwidthsaliotattomnbishgoiedd ¢b wiadsmit 2de dinims t o

produce at its out putfor%]g‘t%nts%fngl del ayed

upconveérting means coupled to the signal combining means output associated

~Te.



25 replica 50 of original digital signal 22. Receiver controller 42 of FIG
2 responds to user input (not depicted) to select the transpduipist2082t o
conbi ne, subsequently emtting control signals to nmultiple beam antenna 30
to direct its antenna patterns toward the satellites containing selected
transponders 14. Receiver controller 42 also 30 selects each tuner
frequency consi st entwith éach sudbchanyehfos tmnistatu&gjthbrfmqueh@/ ofdhe timing-added
transponder. Recei ver ntroller 4 rth roces t 2002 W
O 99/ 40693 PCTT Usooy H53aMmel: sidnak 2t8nLﬂP‘?o W%g°§ Erﬁalse&eﬁdm%ﬁ?% 44 to
determ ne the correcttrarfs@bhdérg of del ays 40a 40b. Tim ng signal correl ator
44 receives and ti correl ate out 34. For stemtvgatl:l nor e
than tvo. subchaAMEITEr TAgnEabpe anp Brablde tirens sl Eedrelint o s
determ ne rel ative dedchysliehames feutmimsmgltse peovey aif athé |teansiateal; indk -

cont ai ns par aneter sn%éac%%r ding th 32 -sel ected transponders to enable the
correct setting of pid C'?ﬂ%'ﬁl sighdANd 30 and tuners 32. (DG TAL

POVER- DI VI SI ON) ankbnd m%taﬁ@'t:omm&@fti trenarapliier feads SRguIn chssadidted withreach
transporting 10 a di across, a,virtual sat e, channel

g9p aI | 1it
Roror i hg 1o a5 SicBeni harets 5 B praleid o S RROANan ch
conmbi nes del ayed den@idehmi of tielsatalite t@rﬁa’hlngembl teaispodathsedd farsthe

descri bed previously as g@\ge conbi er the direction of receiver
control ler 42, mul tiiSQCBIYAURARAINGL @88 enits signals to tuners 32a, 15 32b
whi ch transl at ea \acdidahd aemuﬁmsmmrcon@dmdg digiiats drofr éeﬁIUME}donselbéteduenm es

ted by th QDSK dul at 3 d t i nal
s ng. & mul L1 pl o boaHENEQHARPORR'S (4nd fiealiin PHoUH Feferbeusior RofPim f cd.

FIG 3 further depi %r&gmlsi@mal thengcéuﬁhgrteminam;tdnemmn@nﬁa@annels but the
instant invention.is,. not mted to two, 20 su channe

The fi L, |
addi tion shows ¥ HUEEE of '"geﬁﬂgR hahae PR AHeRE, SIE ta'ﬁ?ﬁ's"yln%gé'ﬁlpbn

invention' is hot SOS@Jmarrs frogh th&whehiiy oetrasdppndtis drnd rasdritiag dagh bfissids 32
contain identical di | information transmtted at the full rate of
ori ginal signal 22. B AGERRIALOUPY P Broduce sof t deC| si on out puts | A

and QA for each_2 nneI Si nce the total n del a each
subchannel is i® Pg‘éfﬁ & ath?rfsePQﬁ'? copplpgttoaq PPV%PG% tIn 8%?@?8% st - be
del ayed in tine by aneanmamenmamjmtptdua;borsdblt taasiating 1the efreduendy lyy eldhays 56
energe with nearly zer ativ ;RB n subchannel s. Del ays 56
digitize the anal og 8%9’6(3 lgpgl t§ﬁ &ﬁ-ﬁﬂ&?@e ?/fﬁ(éll’ﬁf'&& ators 54, 30 placing
digitized resul aplu'ra1|t3aof dermbdulatofs, each ooupléd-toréromedoading Resrioutput for

So%gﬁlslt erzogg control gm(t)cﬁ]u?at%m)tﬂ utput ' a 9r%aﬁ¥g !'stnstr%g}nagfsso%devglstigns' |P1pUt -1l

the form of digitized decision-confidence-values corresponding to the
associated subchannel;

a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that soft
decision outputs of the plurality of delay means are synchronized in
time;

a digital combiner coupled to the output of the plurality of delay means for
combining soft decision from all subchannels received into said
delayed reconstruction of the original digital signal;

a- timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;

a digital correlator coupled to the delay means outputs for providing an
additional measure of the relative delay between channels;
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WO 99/ 40693 PCT/ US99/ 02333 fromtimng signal processor 44 and digital
correlator 58. Timng signal processor 44 analyzes input fr@adguwsr200at puts
52 to determine the relative tinme del ay between subchannels. For systens
usi ng nore than two subchannel s the timng signal processor would process
5 subchannel tuner out@uts in rs Si nce the subchannel zr)?of FIG 3 result

fromuse of an AR 959@'??%2 95 StynsoiPrmation spbeut ther Aparencyuesd| B and
B from del ays 56a, Jﬁétbtag%en@reray@t@eﬂrés oTh'Iesvmm@h%e‘IB talﬂeaderé‘c@écr ah@tor 58

to conpare digitized soft decisions b subchannel s rovid
addi tional inf c?rﬁ%ﬁtfoﬂ?r Q%‘Pleé'ctert%P'UE%HWtQfqueé’re“d@“@@géﬂ)mﬂmraé' ?%séhe

subchannel del ay at uhtﬁnt?'éf tupesy, th@';ﬂur‘aﬁt&r @B@éy GREAHSN &he GfniRg QGG €S
synchroni zed | and soft deci sions from al channel's to produte a

single | and Q deci SoF8labY, fthe @Q@ycg@t‘at@% %’85* tth%le"(‘RnyP@Hk} presRemt 8. For
the case of QPSK ”Dq'léb@r\tnhg@ 6g8n§%Cbenf\ 'tﬁ@trmﬁ@cél%\e@%ofrél@f@rca‘?ﬂbch@‘?\'bn@ﬁaﬂ?é oduces
two bits in digital outpu ANALOG DI VI SION) A for

di vi di ng and conbi nrfﬁ@jﬂPWear&'isﬁi"ﬂﬂipo%tf%ﬁlﬂﬂa'éd@reé@s indggendans singlet beam gi nal
signal 22 is anal og driferiildditfhg BREHE b ddEn bAd Pof@rizAtlon es&rarergngg%rtﬁél er 42
directs multiple beam ant enna 30 to point to selected transponder signals
and directs tuners 3prersioiset éuwaﬂﬁ%lrﬁp%i’t’%ff§§il@qq5aﬁ§6(ﬁ%§f>l sigraisidaci es to
a fixed band of freqyeprigRy PRSI R Mo IGEMOHIAL QiSy Heans & The

exenpl ary system of Flg ﬁydr vides the (s)| gnal |'ntol$yv\o sﬁsbc%gtrjrtr?el s) but the
instant invention. is, not atars, 70a, 70b rg)r oduce anal og

out puts signal & mlly@ﬁa%?tae't%ﬁpﬁtf Ehe"r E@r?‘egeslg %satelﬁtg CONBRYATAIONS SYSIFMI s

produced whucaﬁarewwdwﬂemarﬁwadabg 2émimuinichtorughanndl, hesaetitd 2. Sai d anal og
si gnal out uts in (?ener%mewgerrence relative delay due to differing
| engt hs oF mgugjca &M when using transponders on different

satellites. Undarmattrrcﬁﬁhnestmpqﬁk Es?ﬁ@ﬂnvcﬁ%drﬁ@rﬁrf @hd}lﬁél dighal aftal ® pluigitpys 72 add
create outputs of

delay to first-arriv anne
anal 5. 30 del aye. 72 SRR TRkl GoBEOR JHNG BONad Aech SHESTBEk o
relative del ay. Analt@gn@ntmnaﬂ;pqmsystém ebmprigih@h qual ity

anal og-to-digital - S 99],40693 PCT/ US /023 onverter
(AD) 2 FIFO basHbstanasddeh s wanetrminatas guo eyapog PRERIY ol ay <
72 creates a tinme defayalog gubokernielsosuchithali eehasubchanrel efgnbheodﬁrﬁ@abuffer
Wi ch represent fai (TRNEOPETPERIOBENEHE R B HIRAE S < gnal & produced by
subchannei di vi damrrigflgéneratbmmptrﬁg‘dercsmtmam fidingdigrsal si gnal s di ffer outputs
of denodul ators_.70 ,in that the are r |ﬁre nchr ed, FI.G él

t g ﬁeraﬁr utput and’ the
represents bot hS! gpﬂn?ﬁm%f"\??s %%V é |5 WS 98 oMYy
content-division. | rsubd:tmnhetd;ﬂdera&&ptﬂfaspmuﬁed diithiechell ssbdfwhaelrfet addiomal s,
inputs to anal og co r n t ng onIy
in distortion and ng$)ése Wg’g'cf'rﬁﬁé%g% ﬁo %e‘zﬂtér &%é%%n% ﬁ# a'g'sesgig%d 'Edase
ti me-synchroni zed covithemthedbanddith stlbmtlasub@hamaj]mﬁbrsnempmsma%udnmabg
conbi ner 80, anal 09 ORI BanSlAR! SRCAP BAraR) vahRIeing! TP
out put signal 82, amibuatids stgmbr ner 80 optionally provides a neasure of
L1 synohr ont =gk plhlg” FRBRYSEoR0l 18] WL ddrd oo RRANE il eleCY O
di vi der - conbi ner _rretalssmtaated iwithngpabi sgabaharmet for| teanslating) ther ttetum:mcy oflthe i ve
Further 20 opt 1 onal "HOEORRE SPRAERRH" Flnfl 1%, Ryt BF S Sadedicc 1"
receiver controller s&@allm transpobden, s to create estimtes' of relative del ay
bet ween subchannels which in turn affects the setting of delays 72.
(TIM SlG)_ | ][l fi r?tmpnfréfmms ca0plet ftb itk dbwrﬁeﬂrpgOﬁﬁrrsecrutmtdmdeiateﬂtumrf 32 25
methods. 1n a i v st SERHEHEERBRRCH et e omesopt B Hkpdeiting:  uner o
32 to recei ve tim ngdgecggw_cha&mb@naﬂam al I sat ellites with transponders
uzed {oy t[te_ virtual satelli tﬁ s%/stem I'n th: s fi rstI rretr(;odi tuggrf
adj ustment is necessary as e timng signals are placed at a requency
assi gnnent separate formthe information-bearing transponder signal. This

out-of band tim ng signal may be narr t vg



-13 5 August 2002 WD 991 40693 PCTNS99/ 02333 band in nature so as to
conserve limted bandw dth on the satellite and reduce systgmuygRst 2002
general, timng signal 23 is unrelated to the information-bearing
transponder signal in either infor matl on content, nodul ation strategy, or

data rate or fr 5tr smss t he
present i nventl%ﬂgn %‘%?ngg&fl:ﬁ?ﬁcﬁ’ @e jﬂﬁ '&]l%ﬁ'as gﬁthH AP qdz\g'gh §%‘fhocat ed
bandwi dth to enhchFumMnnfsakwlngm ohdio eﬂw.leney wabeftawa&i thete rexeiving
estimation. Possi bili timn al s_inc seu 0

noi se, tone rangi ng2" Haatqfﬂée Eeﬂﬁ?s‘:@agﬁlﬁ@@‘ ﬁﬁf’sqoﬁ' erﬁ P&‘ﬁa%h@&u onis
not so Iin‘i]ted.. A gggsr‘]bdat?ﬂ ﬁg)eﬁam?,ladnmust 10 have ? strongdsharp o
cross-correlation w.t | e rsion itse av i mum
Sburtous. Gor r el Sapatidno TuiiH e SHREFRT sRheRLIbbeE RyR ot sepBihna
processor nethods. katebitd ltraaspdhuaisngnd)romagoa dekilyBe decdristrustipns bl trd
correlator 44 correl at.es OUtg:f egg al % fr.lgéptu[ners 32. at various relative
del ays until an acc8p9ias)SUNahMefesFiving GHEnin SYFIEM OFRISNOhg t hat t he
relative del ay detudpabbare awmmwmaltawéaaslybe@mm@prgﬁdwmh it pluralig
correlator 44. Recei ﬁﬁr controller 42 then s ES?'apﬂﬁ? eI ays 72 | accord

with this measured PEfaPsRARARES & PE?SQWR%F% P § AN EPBY A onbi ner

80. In the case thabufpbepet;are nore than two subchannels in the virtual

satellite channel, tim 20 si gnal cessor 44 s subchannel
SRl & oot deplurih el S oeRh 08 & SoRBspnaadRa Tois beHE ATga
correl at o][ 4;]1 CErrebatbﬁSpbmeorqtﬁrﬂkﬂtmé ﬁﬁgfr@&ﬁhc?@@acﬂziwlﬁdd :ﬁgﬁéle(&j ed
version o t he no or rocessin the recovere timn
- rd Bty Lo 3 )

si gnal through a pr qUERYduce a periodic output in response to
the timng 25 sagioedity éiuenexdargidre, edfchooapled tp aeoassporsling tomécdugplitffod t er

but the present inventi A L S ngltgﬁso Iimted Once,.t he dela 40, 56 72 are
adj usted to renove %mggﬁ'@@gsu anifé pu&e|a£§;) TEANIG 38 oF %get spBa onduct
the selected infor rracbrirespobmag tonihetinfansgtiondentest ofithé assomlattd;tesmbzﬁpmmu ve
denodul ators in F

G 2, FIG_ 3. 30 | ,
i ming oi gnal 1% PUEAY L SeleyiRiat Ge soUbR o BRTRTLOHE At
t ransponder and resouatpat fon delbfing ﬁrst!mgﬂﬁg sAPANKNED SAD 6 PET pBis02333
|e)r(n?g£ lrr)elttltgﬁ Sﬁgﬁaf)anﬁﬁ%?’ﬂ?ﬂ%af eir'%'ﬁrrg Ssgﬁ%gﬁ{htro 'E&Sc{ g'r%@e?gd()f I tnhgr der to
recover the attanarsiegcembinegcaiptpdab,the puipugofsﬂwgrpda.lraldy)pf délay oveand féri r st
Processes the. tuner GhbRibSd il fin 8RR 1L SAIAR G/ B BaRa” | a7 0°

processing gain to a I'm ng si above ut put
created by the preseaconstafctiomef thaodginel araday SIgﬂahr ITB.tI on- bearing car r| er.

The i nstant | nveRianSER UIRIABE o8I0 I SaB B b ROCRRBERILIECCOVEr @

| ow- | evel in-ban si gha e presen entron 1s n

limted. In a fi rstre@iw&ﬂb@v%pvmmm@wb@aﬂm@ slgnabr gnal is a

time-di spersed h r urface
acoustic wave (agm 9?'%'% meﬁ?lﬂt ?ﬁr‘l tr?td?ﬂ Fﬁ%gér){g;bgtog{r tg%%%%eh%fcﬁe}nﬁg SAW
filter in receivi ngpropagationldeldyi prpmrﬂeﬁwféhe wetualmheneeistqbe selecipdmndsi on

process, thus [LEaMEENG IR 18t RiNipld BEA9ateAR mdBiuidin) 8 Bndis! iad ©

narrowtinme pulse. In
plurality of delay means, the timing signal correlator, and the
nonvolatile memory for receiving signals from the timing signal

correlator and the nonvolatile memory and issuing control signals to

the multiple beam antenna setting beam direction and polarization,
control signals to the tuners to set subchannel receive frequencies,
and control signals to the plurality of delay means to synchronize delay
rheans outputs.

-7h-



15 exenpl ary process) the timng signal is pseudorandom noi se. Ti m ng
signal processor 44 then applies spread spectrumtechni ques 5t,_gJ§lf=sngg§ t he
timng of the lowlevel in-band timng signal. Upon tinm ng signa
acquisition) the ,correlated timng signal will experience a |arge process
gai n) but the (oY) rlfrjlpa;i' . W P ¥=Yap o1 e 20 sane
relative | evel lﬁ?%ﬁbéﬂgﬁggr teHsen{g ngdegrhg%%%hfg?{?(ﬁgds(Iﬁét@ﬁ?%)r’(;st%{s\t\l&aI I sh

rel ative gedvidesant enhancadiansienemrhmynicatiopahanme), the satellide cammenicatians
controller i rd. exenplary timng process uses a nultiple tone signal
to establ is¥€1‘gﬂd:%"ﬂ’3f?f"$he sine waves selected are harnonically related in
such a way as ta roultshenrel siptimabysiémidividing aneoriginal edignal antg g ehiralidy obut
giving good tine re j i . i f ies. A
Yinear Tilter at tnetediinRPdnpiicihG LEGRARE Snflly SBH 6 cen sLETHERE 7,
favor of the infor e owltiechanneuplink syistem somprEgingr ocessor 44 then anal yzes
filtered timng,g| tQ . | | .af. ] g I :
subchannel s. 30al§lrJ1 bﬁgla@éﬁ%?&?hdg§&r®ﬁ g{‘é éﬁ Ib%n 2 %lsv%agﬁw\%?&r?)g of
FIG 2, there is typf@ablbg subchannelsl suchdhateachessircihanmes sigoalbesnidias ab

provi de -15 5 Augtlgatstg@_ﬁgin\(gn%gé@lgﬁggg%%/a{.g?%%@%% feedback as to the

accuracy of the delay settings I'sis'a feedforward control
syst em Feedbacé timinggarsrdidrecreating\said ¢aommore timiogrgigraaty systens of FIG 3,

FIG 4. CQutputs, . i i glt al. =i Vi Si i f
FIG 3 are E:Jg?\?'éﬁ%g&rog'g[}@ﬁ%ﬁ gﬂsnf’%@%@dgg:tgzlse'tq |a%h%§r:a§d:§iﬁg;§{ ?@ﬁgee;r?or,
a local digital cormsebetanoel divideraiuiput mesoniated with pashalibchaoneldot adding Qut put s
f del T2 int ; ki f .at e

extent depend ng on e EoEE s SBRE BedehSushHoBL ERIBUE, SinaadfiT®
properties of the amdthimgthedandwidth dheéachpsubehanne! inferimatian sigralibucikthat o

recei ver controller : I o | : il.e. sever al
particular forns angé\zl%l&r('flag% ?Bﬁéﬁﬁ%tpe%@@%tg}oe@bﬂégw ﬁffg%bgﬂg&h%@ g
described, it wll ¥oramgiianesignak hat vari ous nodificati ons can be nmade

W t hout departi h Lr) cape he 4 tin%%QA ingly
it is not inten egkgﬁgbétﬁ‘gaﬁ%v%% %t e i%ﬁngg)&{gﬂgﬁgept )S/ tsﬁ@hgppended
claims. -16 5 Aug@assockied withdagh raubghanaek tor dranslating enfiequaacy ohdhesyst em
whi ch provi des an enhanced digital comunication channel, the satellite
communi cat i ons syst BRingcadded ssubghamnel signal i tocthenfreauensyi ek the selaetedl vi di ng
an original signal iRbftedrdpspbert Y of subchannel's and adding a common
timng signal to each subchannel, the multi-channel uplink system
conprising: a SAmRifanhmernsicouRied t Hie YReALETERGIMRGNS YtRH iagpeciatedivdit al
signal into a plurabidy s@chdh@dited inckchanme! fowddt thb akarRRedY, dingihg-2l

subchannel signal 10 contains at |east sone information unique to that
subchannel and al so24dgdrsubghannehgigngliandit e of each digital subchannel

signal is | owergritdiita hbshsbbdupledits thé ahipfficH heirsadutplitHscatia® ANt each tim ng
generator creating said commopn timng Si %nal ; sigmal conbi E{en% nmeans
coupl ed to the tini pPehams Aiweting@piRdionfgavency1%av, femardn CeIVEgr  out put

associ ated W th eachnteting bpiEkafefite aokthinthgt the €ATEPBAdSr Hal8dediféNe t 0 each
subchannel information signal and within the bandw dth of each subchannel

i nformation signal 3%ROGiaf§egubchannel; and .
a receiving terminal system collecting signals from a plurality of selected

satellite transponders and creating a delayed reconstruction of the
original signal, the receiving terminal system comprising:

a plurality of independent single beam antennas simultaneously receiving
signals from the plurality of transponders and presenting each of said
sighals on a separate output port;
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no additi onal bandw dth allocation is required to transmt the timng

i nformati on signal; 20 upconverting neans coupled to the si grmjgmg‘gbfi ng
means out put associated with each subchannel for translating the frequency
of the tim ng-added subchannel signal to the frequency of the selected
satellite transponder; anplifier means coupled to the upconverting neans
out put associ at@dlusplity of Suness.heaplibedviingdeio agormepranging ingependepbaisgdleof t he
transl ated, timng d a&ﬁﬁl i ; ant o] ed to
the amplifier rreansagu pﬂ'?@g'g{:lom ate'cgiélgvir}ta'lh trg@%ﬁh@gﬂé@ﬁ%ﬂéﬁyrﬁcﬁﬁg a
radi o frequency wavescebedsignehle afeediintemediate &ragensy; t he satellite

containing the ; ?qﬁ[ e | ; and a
receiving ter méngﬁa‘:@% emr%%ﬁag%%i %ﬁkgoahlgﬁég,g rcgﬁ']égﬁdafa L@;&@%&?&E@Rg@{ ected
satel lite transponddesmodulgting ebirieng cutrié| sandd erestingst moctaraiogof sighel
2009 & mui tpl e beacteonindd bR Ron hEHl SR kSl pibaner 01"
plurality of trampipalityef sebaydmpares each myupladioaf cemespopdiggadesnashiladorsepar at e
mul {1 pl & beam ant engdPLY (s ColRE ety SObBAEer doiC SaLaRERICIE )
recei ved signal to afthephdalitnobdelmdinaars anesyoeneyizedingima;al ity of
denodul ators, e L r i ul ati ng
funer out put | ardl! S8 ExEinbOedelt R B0PLLE ARy SPUbiay Mo TRE 2
content of the assocorabisihgsbdinfiermation inlgach gbthersubicihgnnefs ikl syd delayesl, each
coupled to a corres i ; I : r delaying first-arriving
subchannel signals Ee%@ﬂétﬂ%&?ﬁ%ﬁﬂ%@?iéﬂé#Qﬁ@%ﬁ;rﬂéﬁal ity of delay means are
synchroni zed i re timing signdli ¢orteddtor ooplgrtto eaclpitungr tavitput oo megavring thehe
plurality of delay [, ' A0 in each of the
subchannels into a ﬁﬁ%gggfg%%%rpgﬂ%??%d#@é?él%’agfi ginal digital
signal ; a tini ry eingolatilecmemeinatfor stasingl foronatiencaboutirtbe fseausncy fand
measuring the rel atj ; v L .

g bitBagiftioiadhsl HEELHEL & e DhuBHRBRAED T be b8BakS: o

nonvol atil e nmenory oring’information about t| requency an

propagat i on delagontoigrcsaupled tothe pleralityraf inslependant eingletheapranfenras; e, and 20
a controller couple i pl.e : t Uukiabdat ¥ tuners,
the plurality of deP’giﬁ%gﬁgﬁ%ﬁ'emﬁ %Bﬁﬁ'ms?gr?%?y]yg@re%ﬂgaﬁgr F'ﬁ‘g{r?dgltgﬂél

nonvol atile menory dopreldteg @ntdithg ndheilatie riendary tibrereckiving Ssigriai ftbmeciper el at or
and the nonvol atile, rr.ermgg%?find i §Sui ng,. cont I’(f| . siT%nal S tf?' the nultiple beam
antenna setting bealfges ree Finonyqigiile MeEILYARY ISPUIBPLRANY t o t he
tuners to set subchsigmsd toeeadhy dndependencsingle bewm cantérired settggabsearho t he
plurality of delay aps to synchroni ze del ay .negns, oyt puts. 2. Th
satellite conmunica 'fegﬁ%ns cfé%‘f’?%ﬁ@?’hi ﬁ?’lrﬁhﬁlg%ﬁe}ﬂ EQ Lﬂl‘%até'f]er?oﬁcé ?ﬁet 30 the
t ransponders associsibetamwiel redelve fraquieaties,yandf contrbicsigmaie ke thar glutatiyadfed on
the sane satellite. ? The S@tel | te cgn?‘runi cati O{és systemof claiml
wherein the timng %q%vnrgpar)ﬁ syn%hrgﬂé% FlaY N3 Q9B Sat ed wi t h any

particul ar subchannel is transmtted in a separate frequency all ocation but
on the sane satellite as t h®ESCRIFHON OFOTHE DRAVINGSI, requiring the

controller to firstly djrect the tuners to receive the frequency-separated
timng signal to rrefierL'sr @ISQE'W@ 'B@G}S@B‘Qﬂ‘ girgindijusiratingethe presanhel s,

secondly set thgentiggnt of 5 delay in the plurality of delay neans in
accord with the relative propagation del ays
Fig. 2 is a schematic and circuit block diagram of one

embodiment of the present invention.

Fig. 3 is a schematic and circuit block diagram of another
embodiment of the present invention.

Fig. 4 is a schematic and circuit block diagram of another
embodiment of the present invention.
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measured in the first step, and thirdly redirect the tuners to receive the
associ ated i nformation-bearing subchannels. 4. The satellit & mayust2002ti ons
system of claim3 wherein at |east sonme of 10 the transponders associ at ed
with the plurality of subchannels are |ocated on the same satellite. 5. A
satellite conmunications system which provi des an enhanced digital

conmmuni cati on channel, the { I i temconprising: 15 a
mul ti-channel uplink syst emﬁ#gééhélﬁoﬁr%lﬁbﬁ@\%ﬁg into a plurality of
subchannel s and addipgfefrir RBRMNo thEdiawig@NTAwHich ARG Fefe ﬁgﬁbral&he

mul ti -channel uplink systém conprising. a subchannel divider for
transf ormi ng t Hedicateglikeabr-domespanding eldments ovar theuseveral vietvsd Filbt Al

subchannel s such that each.diqgi.tal s hannel signal 20,.contains. at |east
some | nfor mat | outh eeveRioh e SRR bR S SR AR Tt e
of each di gitalpfsypehstens 12] smaie.i Orighvdrsigrizn2tfBed®istibsRamdldivider
original digital sighal; a timng generator creating said comobn timng

si gnal ; signal 2%owbiahi separatasstheignaldntoca phusality of mympated subsigh@lssut and

the comon t1m {IF Srgnarry SYEH of ERrATHERs b SRR SRSRIRR A W T
the bandw dth die Raghbatihesieseht innéntiomis not so mitéd.s Stibchbahelndividddi t i onal
bandwi dth allocation is required to transmt the timng information signal;

30 upconver t i nithe@ies hapsdbsignals by diviging orging siomy 22erplexing ene
associated wt an f i t he

ti m ng- added s%@ﬁ’%ﬁ%@gn@%’ﬂ?k@?&g@%ﬁ@g s‘%ﬁ%{ héqggﬁ%gse fsat ellite
t ransponder; - Ibwerd laudissfirs? Bishadnallithe esubskamsl signalsednepginhefrom

upconverting means,K out put, associated wi.th each subchannel for i ncreasing
t he power of tr%’bFPﬁﬂggla‘é'_@é@Frt?zi“rﬁrﬁdg%'a’é"@g' $LB n@?ﬁ‘ﬁdgﬁ%ﬂqesatﬁ& ant enna
means coupl ed tQqtd1e, R bhdielor BARL Ok RS sB_SAE hEtRdd eadh each 5

subchannel direcglng a radi o freguency wave tomargﬁ%ﬁe recei ving antenna of
the satellite cubchannelgsigha! cardes pblatst sosiecinfarthation thhkisasatozzrdead
subchannel ; and_a,recei vi ng termnal.system colleciing signals, froma
lurality of - sdnatiecoinet shBehaE 2B YAt matan soatart fndy BE Tt
reconstruction ol &P nfy SVétp Bétdeddn sithanR6E! BuD® A Bhd@khsystem
conprising: a plurality of ‘i ndependent single beam antennas simnmultaneously
receiving signals fromthe plurality of transponders and presenting each of
said signals on a separate output port; a plurality of tuners, each coupled
to a correspondi ng i ndependent single 15 beam antenna out put port for
transl ating the frequency of each received signal to a fixed internediate
frequency; a plurality of denodul ators, each coupled to a correspondi ng
tuner output for denodul ati ng tuner output and creating a bit stream
corresponding to the information content of the associated subchannel; 20 a
plurality of delay neans, each coupled to a correspondi ng denodul at or
output for delaying first-arriving subchannel signals such that outputs of
the plurality of delay neans are synchronized in tinme; a digital conbiner
coupled to the output of the plurality of delay nmeans for conbining the
information in each of the subchannels into a del ayed 25 reconstruction of
the original digital signal; a timng signal correlator coupled to each
tuner output for neasuring the relative delay between arriving subchannel
si gnal s;
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a nonvolatile nmenory for storing information about the frequency and
propagation delay properties of the virtual channels to be$8suigst2d02and 30
a controller coupled to the plurality of independent single beam antennas,
the plurality of tuners, the plurality of delay neans, the tim ng signal
correl ator, smshodesnonvol atile nenory for receiving signal s RCIIUSNMN2333
timng signal correlator and the nonvolatile nmenory and issuing control -20
5 August 2002 signals to each independent single beam antenna setting beam

direction and pobatiétaminebsignalsnindsr thé geebad tdivitibentetined aré aos fiengighchannel
recei ve frequencies control signals 5_‘0 the plurality of delay nmeans to

synchroni ze del a§S r‘l%ﬁ?%?@lﬁl"r!ﬁ} pad. £agh sgchappel sigpal tesdman vakinkons syst em
of claim 5 wher el afyd paa. ST fth J\inh UBTRRTAGIShASROREALSH W Lh the

plurality of subc ARRers are sanme sate The

satellite corrrrunwpﬁratmanmhma;?.a@lehremtnﬁgvxfaelrcefrequmcy ener@g ®waindla
associated with any particul ar su cha s transmtted in separate

f requencf&'> al | ocaPlusdlity of ogbiting satelie Pé\’*q vig H@ptaﬁét“i"hpémﬁaﬂ%‘ﬁwgeam ng
carrier, requiri Elglutulb?rgﬁgﬂ?ﬁtfé?g I%- iéq g %Ml“g%}% %§ {bethteuélgﬁél ttoo?é ecei ve

t he frequency-se rated timng signal to nea I ve propagation del ay
of the subchannetransmétadneithers:&’t atSIepaeatequL@hcyEalldeam pnirt thee pl ural ity of

del ay neans in acord the rel tlv ation del ays neasured in the
first step, and ﬂ"ﬁ"ﬁﬁd@ﬁ Pgmer @é?mf Qﬁ%ﬂgo?% M&cei ve the associ at ed
[ nf or mati on- beari ng SYRERA@AMIEry s%»ste?ﬁ%fﬁ@3|1|$ﬁcﬁﬂ§mﬂh%? 0P Batiss em of

claim?7 wherein at | east sone the transponders associated wth the
pluralithY of sububechhyltbe systentabedoun Méh%maehmﬁehilmrels ot gosatellite

conmuni cati ons syst.e |ch S nhanc di gi conmuni cati on
channel , the sat &M ftF‘g]e adia %" %t1| S’n‘gﬁg é\faﬁ fln@eq‘t%‘ C¥%l ti - channel

upl i nk system di Yhplifes e Ql@hals%lceﬁ/b@ﬁmthatﬂbéhcﬂ éHdee?ﬂ'arist@c theubaignnel s
and adding a comon tim n to each subchannel, the nulti-channel

upl i nk syst em cofb®idiffergn b’@ﬂ%ﬂfb?ﬂ%ﬁp%ﬁtmrﬂer‘f#@‘r ot $%iﬁsﬁ‘3c§¢|lﬁﬂ$d’1€!9né

original digital [ ‘,ﬁ,!#) ﬁﬂf"ﬁ h that
each digital subgaanne mg’g?é%{nﬂ'ﬁﬁ%ﬂ%héﬁ ti‘ﬁf:l r?tgl ,IggF ge?ma s'r;YSﬁ#ﬁt he sane
bit ratdbas the 6] g?mpiagalucm pailhssZO;nZOd fmm ieaich s ajeliter tdaorn4drteat i ng sai d

common timng signal nal co s coupled,to the timn
gener at or outg put 9%%8? ﬁ%mwnaﬁew%gﬁ@ CaIY PRI EeaUe Y BN HI A h

Cinchannal | ofor elfes Hac1da i sof 008 KSR 18 MaEjange [0 ooe"
i nformati on si gnahdsnsmdtimt anltboaglldﬁl@oﬂadepﬁac&aoﬁﬂ&plnﬂkl mgmllhmngs required
to transmt the tcaiarrnqe'agby cho frera ren Qteﬂt@,ntﬁle;present invention is not so limited.
20 For example, transponders of satellites 14a, 14b could be collocated
on the same satellite. In"this case, uplink transmitters 26a, 26b and
uplink antenna systems 28a, 28b could be combined, in addition to
satellites 14a, 14b representing the same satellite. Propagation paths
18a, 20a, 18b, 20b in this case would be combined into single uplink
25 and downlink propagation paths. Receiving terminal system 16
incorporates one of two antenna methods. A first method includes a
plurality of antenna components to receive the plurality of satellite
' sighals 20a-20d. A second method incorporates a multiple beam
antenna. The exemplary system of FIG. 1 uses multiple beam
30 antenna 30, but the present invention is not so limited. In either of the

aforementioned receiving terminal antenna methods, the antenna
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5 upconverting neans coupled to the signal conbining nmeans . out put

associ ated with each subchannel for translating the frequefhéugast2002

ti m ng- added subchannel signal to the frequency of the selected satellite
transponder; anplifier nmeans coupled to the upconverting neans out put
associated w th %0 :gach subchannel for increasing the power efriR&n2333
transl at ed, YO/ (639 dded subchannel signal; and antenna neans coupled to
the anplifier means output associated with each subchannel directing a

Cont ai ni ng-t ne. ANEEfEiobuEeE o BGRK} BB ERRRAR chiesSdiihalifa . ana
recei ving terni nabchystasigrells enfergpgshgnalubchanneledipider 24 inyupihksel ect ed
satellite transponders and creating a del ayed reconstruction of the

original signal ,syskmn dce dviha @xeamtianya3ysigraQlfi o ipashmyf:tha numkerefe beam
t i mul t an; V7 j | i f, .20
ransponder s and s SpIFERbAH HLABR Bedh Rphfa BoXdtosbrBitod | bue port

a pluralfty of tgintady nembbraxbsighald émittedcioy selsclantielgivitkt 24! Thizeam
antenna output port for translati nl? t equency of each received signal

he f
to a fixed int erﬁ‘@tﬁ'éﬁ!@tw ERMNBRE T ezyhgtqgrr ¢llitep 'tﬁa-d'érﬁ’oaﬁf@-o"r are each
coupled to a C0rdi&ﬁ#&??ﬁ?%&g&éﬂ%e%%aﬁégﬁ?mﬁ*éagﬁid ﬂgtﬁé‘gﬁég&pr”t and

creating a stream ecisions int ormo gitize
deci si on- conf i dedeseriptidrue$he subebpomzlisignals enited yonultipézibeatmchannel ; a

plurality of del ay nmeaps, each coupled to a.garre ndi ng denpdul at or 30
out put for del aﬁ'ﬁ%"qq B@tf9%$FiR}FW§Pysﬁ '&’:‘ﬁ'&ﬁ?‘ng? ‘g?'ﬁﬁgﬁ ngﬁ'gﬁatﬂ_ é’lgy)!o .
deci si ofp out put 4ehoddlstord BAAIA Bignaf eﬂw@rg‘lﬁqufﬁﬂﬁsor%r 6f heNebmenlLmests i3y ti me;
a digital conbiner coupled to the output of the plurality of delay neans

for -22 5 Auguben 2g@2sentsta Mersiprs of thedeesrespamding putgut of sbibbbanre! s

i ng signal- coPtareed ol SRR rLEELR B Bhoe B W of bk [l e
relative del ay hsfitneesrresponding uplibic hadrddwilingnsropagation Patist #8 agar rel at or
coupled to the del aﬁ_érreans outputs for providing an_additional neasure of

the relative del2fy Beregedingirsriralsi6. deimhoemapneat 3@ fuither delags 8rstng
R b e

virtual Thannel a contro € nultiple
beam ant enna, t lebphan@!idoyntrifiert 38 at sicatlirdéhd Baplautiane t Saidf carabiagr 88ans, the

tim i I | ator, the digital rel at ar, | ati
ey for T ece RIPAHCES BEPAESHPR A G pHAIRRsTahal £ o Ael HEROMREd he
nonvol atil e mengps BRRakss CoRfbife38 & cohdftBhtwith diEcoMbipdiidd ReRR ant enna

setting beamdirection and polarization, control signals to the tuners to
set subchannel rreethodeusesl tordvidernriginal signal &ninr subahiagnel dividert2de plurality

of del nmeans to sy 1,2 I puts. 10. The satellite
com*ru_nia%%ti ons syste@%%%ﬁ@%ggwgmi east some of the transponders
associated with the pfHg mstdrit imfergiohalsasnene ofitteet anetheds ao dffeet #fe same
satellite. 11. The satellite comunications sug‘tem of claim9 wherein the

timng signal as¥dgding:and apmkinitg oparations| ofsubghanaeidivides 26ratsni tted in a
separat e fr equengy ahhRaaldbingt o Oin RS Eid Hicthbli SirbRfet divider
g the controllT’er 1o 'y ~direct

i nformation-bearing carrier, requirin I'Ts

the tuners to reztolElG.ht fdedsaphmalityegfarmink dransmittgrss2@a@8bt butthesur e
rel ative_ propagat.i or] del arg, of the su chang&,l S, econdl,ﬁ set .the amount of
del ay i%0the pl Fanals emaroing fEom anpeldivides 44 215 qifferent|innatute

Plners to recel vorRapam ofhe duiiy bhd TonitiiRg ethou e T adreee 5o
‘ _dividing and combining method, original signal 22 is digital. In said
first method, subchannel divider 24 divides said digital signal into
lower data rate subchannel signals with binary content that contains at
30 least some mutually exclusive information. The division could be on a

sequential bit-by-bit basis, could be on a sequential frame-by-frame
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12. The satellite comrunications systemof claim1l wherein at |east sone
of the transponders associated with the plurality of subcHhAngust 2002

| ocated on the same satellite. -23 5 August 2002 13. A satellite

comuni cations system whi ch provides an enhanced digital comunication
channel , t hwGex4e693i t e communi cations system conprising: a nEFTUS¥aMel

upl i nk system dividing an original signal into a plurality of 5 subchannels
and adding a common timng signal to each subchannel, the nulti-channel
unlink system cbagisj andgnayos oiayhaoheslatei toi pissibie framiag sih dneroriginahe

original digital al 1n a plurality of djgital b | s such that
eac% di gi taIg su @HQEﬁ'@PaL 3&%@"@&?9‘?%@%&3% teg{nmq{fﬁjﬂg[g Fc?mf geridtasane
bit rate as thetv@é%ﬂb&?énﬁiél%én@l réa;@mb sybferd vindrenfe $88RY RéQuerdyeat i ng
said comon timng SI? si gnal nmbi ni ngarreans coupled to the'timng

gener at or out putagieds IBglmmdﬁmdtdﬁmrﬁjé @ndpifib ass quaternarywhdseeach

i or mabi on o1 onti Ke e SR el Bl b AR but et Pt BRABROR it BPtvat i on

si gnal ‘such thago liited. agdidt figursl fulthaeliidiiteatieoase iopra intiltipRsbbaRA t O
transmt the timng information signal; upconverting nmeans coupled to the

si gnal combi ni ngnt%@ﬁé%mtﬁdheﬁgwtam&ntm B AP BoketaRelerrmer
translating t heg&é‘ﬁ%elﬂ@ é)frpﬁlpﬁl %@g?lﬂgﬁﬁg 35%“@%?&'3 | g0l 4 0 the

frequency of th St ed & ransponde anpl | ef mreans coupl ed

to the upconver signglsings first @indudecorriotinetL82avand 32t h Eaghabremshifts @r
i ncr easi ng the power of the translated, tim nggadded subchannel signal; and

ant enndOneans cBapd &f higharfeequancies @rarP@&HSOf Wﬁhf738§§6‘é‘ﬁ‘ét°é&%ih each 25
subchannel di reghhdichh <Bghnde MR LoHRSiot 296 HicedREPKNE AP Of

the satellite contalning ranspon er se ecte for € assoOcCl a
subchannel ; andthe hlgher ‘blang, bairthmlaWesrymndnsdmbdecTunEJsS)Zanaﬁ émmm a

I lit f I tellite t d de
Feconst ructi on SPSRoHigieridass o apiieney et 816 LR momieie  em
conprising: a pbdéabsﬁléxﬁécﬂW@R@”As%h&@'ﬁem%%@& il Al t aneously

receiving signals fromt lurality of transponders and presenting each of
sai d silgnal s one&amiﬁaﬂélztﬁo&t@@tdqﬁrrﬁm obthe blBaAuglﬁ@llmMC@mplmahl ty of

output port 1 or MFaner S A RelS B OB TR B PR B 8GR o 5
fixed internedi gighal R2IUREbES fp@ctfw@lro@dtpmzqf of QRISKBMed Watbrs 88ah3epupl ed to
a correspondi ng tuner output for denodul ati ng tuner out put and creati ng a

Stream of sof{ GBY SIBAIS rbit Aeteckre A, @85i whigBdn turn produce streams of
deci si on-confi dpn,%%mw@sns é}ér‘ﬁﬁﬂgqg he sLBctEé}ﬁaeﬁ‘%ﬁsﬂ& ALY ﬁH?ggg{é
ay eac

plurality of de 0 a correspon |ng
out put 20or del agngDélay ipenators synctwobidedthealataistreanss by ditrdcumingsof t 10
deci si on out put of del nchroni.zed in, tine;

ural J t mean
a digital conbi ﬁ@%VdB[}EFEHStf%"W B\ﬁ‘?ﬂﬁ?eé’f‘ ibﬁ@?éh%/@ys@fmé@ fEans
for combi ni ng S?élbtu@@‘élbﬁy%btfnle‘éﬁ‘ tAk! réﬁ@&Wd@h? dpReStoy titguld .0 migital del ayed
reconstruction of the original digital signal;
content combiner 48 reverses the content division process of
subchannel divider 24 so as to produce at its output a faithful delayed
25 replica 50 of original digital signal 22. Receiver controller 42 of FIG. 2
responds to user input (not depicted) to select the transponders 14 to
combine, subsequently emitting control signals to multiple beam
‘antenna 30 to direct its antenna patterns toward the satellites
containing selected transponders 14. Receiver controller 42 also
30 selects each tuner frequency consistent with the signals emitted from

the selected transponder. Receiver controlier 42 further processes
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15 a timng signal correlator coupled to each tuner output for measuring
the relative delay between arriving subchannel signals; a & Audust2002
correlator coupled to the delay neans outputs for providing an additional
measure of the relative delay between channels; a nonvolatile nmenory for
storing infornmati Oﬂ% :gbout the frequency and 20 propagation de},@ymggmg_q,ti es
of the virtuadVOARAEI s to be sel ected; and a controller coupled to the
plurality of independent single beam antennas, the plurality of tuners, the

Corr ol at br . and. SHETRBOIET HELERRS! PRRePER €Ik Bbrph S Piitne
timng signal corseging 6F déiags 408, 20bY dlimird sigRa! cor@Iator AardceRidsghdsont r ol
signals to each independent single beam antenna setting beamdirection and

pol ari zati on, cofimerorpigirg Bines oulruts BdeFor Rosystemswitit mortadhan dwei ve

frequenci es, and _con [ t ' . ns to
synchroni ze del afﬁﬁﬁé%@%%t%@é&o%8‘%‘2’%3%%&245{“?|°ﬁ%‘ﬂgé'ﬂ#ﬁﬁ$3%ti ons system
of clai msl3 wher giefertfiin ¢diativé demayobetiweent subehRANG! NemvoIsilatreémphf h t he
plurality of subchannels are |ocated on the sane satellite. -25 August

2002 15. The sat 46l ¢ardaipsmaiametarsdegacding &n ysercselpateddransmondara te tini ng
si gnal associ ate A n i i : .

Separat o 11 oquendy Hlq YRR SeftAE b HREITBAEN afienh @ bid herd &2

i nformati on-beari ng c{DIGHAL POYWER-FDY/ISHBND controller to firstly direct

the tuners to receive_the frequency-separated tim Si | to neasure
rel ati ve propagation é\edQSngW@”g'BB s §,Se§863rgm?t§'%539f fraESRERH0AtL of

del ay i he pl uraki } 1 i

pr opaga?llot)n del a;?ga ! thlsﬂégﬂe‘%cﬁ&?ﬁé\?ﬁ%q‘s agflg%,r&‘aér/l“ﬂ 'hitdr%?‘g;ﬁrbggi Frvgedt?’ t he
tuners to recei vavhitle depicts antexdmplé of said secdandamiettypds whidhacomebines 10 16.
The satellite co ni cations systemof clai. 5 erein at | east so of
t he transponder s%@&a é\?'aaa\’\ha{q{ qLﬁ]Buﬁ! ﬁ?'ﬁl'%é}'ﬁﬁgb_ﬁﬁm‘%% ‘%rsgr'!’ggat ed
on the sane sat elgréfiBushaslpowdr Eathbiring.e UnABFHHYE ERbEIHS ofdeteRiBrWhi ch
provi des an enhanced anal og conmuni cati on channel, the satellite

conmuni cati ons syondrlleddrmyltinl beamantenpa Sremite signals &y tuners 32 di ng an
ori gi nalygsi gnal i3y fickl il Wbt REREINHRIC? R A0 4 Gx8y BARATS {1 M NG

signal to each subChannel upl1’nk system conprising: 20 a
subchannel di vi dérequenciesasxpioted by thé QRSK gienwddulatatsn§4 siFdGal3 depictsa

plurality of anal og subchannels such that each subchannel signal contains
at | east some inf® %Wdﬁ”’ﬂ%‘?hﬂ%’"ﬂoa Wﬂﬁpigiﬁé’?&ﬁ‘ﬁ@r‘,"a& but theBressntr at or

creating said co gy I . SEfHa ,g,m%l i Ne: t he
timng generator ou gfgbqgg‘%ttéﬁg@gedéu gﬁ'a%rf\el i@%‘ggtrsr%ﬁ%%&tﬁﬁggésﬁpé?ed
wi t h each subchamwith tvesubchinnels, Heit dbenistant inverfiorn tsradt limitexhtchtveubchannel

i nformat,jon signal and withiin the bandw dth of eagh subchan i nformation
si gnal suth that SHBFEﬁ'a’i’?_IF'oHJ;\e M&\Rpcﬁ%ém %loé’ﬁ &he pse PE&U@F%K to transmit
the timng informéd@ation 80ifme3ButfHEOIMERINt inm@ntivaTs nedpllintlidd the signal

conbi ni ng neans out put associated with each subchannel for translating the

frequency of the Subshagnelriaaals Az aaiRd byitgirms 3% contair ideqtieal igiéa! t he
selected satellig o“&gﬂaﬁ?ﬁﬂgé‘ﬁ&té@gt théfl@é%&%ﬁ{ ﬁﬂgﬁxgﬁg@hg%ﬁr r%flgégs coupl ed

to the upconverting neans ou asSocCl a an or

i ncreasing the pagenodilatone 54rmoduied adft decisio adtfeds subnd @)rfer eaiconal ; and
antenna neans coupled to the anplifier nmeans out t%%’ZSOCi ated with each 5

subchan® di r ectSURGhaNReld; nFe dog dpldy PIRRA2IS GacBSUACHgNAR IBnna of
éﬂﬁcﬁiﬁﬁél ' t : ngoriﬁ YRR difisreht, FRSPARNRTg S61 BEERDAAhULBe ABRRRHAh e
' _ by an amount such that soft decisions emitted by delays 56 emerge
with nearly zero relative delay between subchannels. Delays 56
digitize the analog soft decisions produced by demodulators 54,
30 placing digitized resuits in a first-in first-out (FIFO) buffer. Receiver

controller 42 controls the amount of time delay in delays 56 with input
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a receiving termnal systemcollecting signals froma plurality of selected
satellite transponders and creating a del ayed reconstructi8August 2&020

original signal, the receiving term nal systemconprising: a nmultiple beam
antenna sinul taneously receiving signals fromthe plurality of transponders

and presenti of said signals on a separate output poripcra;shsmsad ity
of tuners, \ggﬁg@@gapl ed to a corresponding nultiple beam antenna 15 out put

port for transl ati ng the frequency of each received signal to a fixed

cor respondi ng + d Vi SigRel PRsstabal i AUt Bt B B8 NG g an

anal og signal ceigres pesstiseor 4g drityesfinpoafromnuaenbeatpute 52t loedéteramieat ed
subchannel; 20 a plurality of delay means, each coupled to a correspondi ng

denodul at or out g€ relaiveiime delgy thetween subghannelsib ERa SHElenss ysRosMelRh t hat

out puts of the ; an anal og
conbi ner coupl egh%@é}%ﬁ%g@arﬂfg thgqﬁﬂlg ur@@%ﬁ@&éﬁ&&@@&%&‘%r
conbi ni g t he i rshbchmtnebmumér eaphtsoih pairs. sSicbahaalubchabwelsaifdidelzayed 25

reconstruction of the original analog signal; a timng signal correlator
coupl ed to each resHiefomuess of ﬁBrUPA'EEﬁF?% 1?H€5"?93P8W|e\r/é"\d§'Payd9@N\Aeen

a1 Vi ng subchaniglus, 980 13, RofiPaual8 shessB L Lofiatsh g ehabs™: i on

about the frequency ardl p ation ropertires of the
channels to be sﬁgjlmttbedelm%&@o@onwaredlglhzecbmfpbedlstm\stwwvdnt| pl e beam

t the pl L uralit | yhe t
Sl gnal - tor ol at SHbChne B gHoRide: At pafon B EEORIYR) SHURIEE [ rom

the tingg si gnaulz AUt FERLIQE s%ehanﬁeu )f)bfifﬂe' it [EEPT Digiksl dowat ng control
signals to -27 5 August 2002 the nultiple beam antenna setting beam

direction and p@lom’quzeitﬁtbproaﬁsses @anmr@nazesi itand Qesoftidecisians &em allbchannel
receive frequenC| ontr nal s t lural.pty of del nmeans to
synchroni ze del zﬂ?’ @"c %g\glq-'l]gng (?éileﬁsf@ bgrﬁ{]ﬁvegﬁ r%f system
of claim17 whe@@ftfdécmowaés@nféwaeﬂh@bayé dfe@Ptsidlrﬁddmaﬂuoﬁ edath ve
subchannel delay information to the controller. 19. The satellite

communi cati ons dipst desisipndremmonmbinge B8 infoducasdue; biky fredigitall outping 68.

transpﬁg’ders associ a%ﬁ%@ @fﬁ rality of subchannels are | ocated on
. G DI\ . : .

the sane satellite. e conmuni cations system of claim17
wherein the timng sifgthiid metwd fm'&ﬂwdingmmyorpbimm:thabrlgmmblmeEI is

transmtted in rate 15 frequency all tion put, on the satellite
as the infornat @Hﬁ%a‘%ﬁr@aﬁ?am gf'g"\%&lﬁ"@fﬁg I3 ﬁ@a@ i RAtHES- ﬁ??e"'lngt |y
direct the tunepsg@. &e%dé%rﬁtidléﬂuﬁrmbéc&emgﬁﬁ@ ebh"hRG a%@'toto

measure rel ative propagation of the subch S, secon set the
anount of del ay pomtttoeseh:-}ahedtknatwpomdei'algyalsmdsdlrecta(tmrd ia, I‘Babh'e) rel ative

j on del he f d h
Puners 40,750 e tanslFie el antpontes rerisriieeiia & fted Brbd afisridnies 51
The satellite ceypupiegdy eémoamﬁtsm Tda, cmti ”Tﬁé’e%ﬁfp?ar@r SYstérpasttFigne of

the transponders associated with the EI urality of subchannels are | ocated
on the same sat dglividesthepsigpal infpy éve su pham@els:.chmﬂhedmtaahmveylyeens optcl ai m

17 wherein the S ion, the
associ ated carri guiﬁk)el n!j-)%h%%ﬂﬁé{a’?g% 7@9@?@(5& %Sé]ég%%@ sﬁé@%l te
comuni cati ons sytsitieare faithfall repRas\brtte mtﬁdﬁenaela$|ggalcscpfodueed fyovi des

addi tional relative subchannel delay information to the controller. 24. The

satel | i4% comuriubshamigl divideedddr the gplinlo systpey 12.n Said @aalag sigpal of

outputs in general experience relative delay due to differing lengths of
.total propagation paths when using transponders on different satellites.
Under direction of receiver controller 42, analog delays 72 add delay
to first-arriving subchannel signals so as to create outputs of analog
30 delays 72 which arrive at analog combiner 80 with near zero relative
delay. Analog delays 72 consist of a high quality analog-to-digital
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-28 5 August 2002 the transponders associated with the plurality of
subchannel s are |l ocated on the sane satellite. 25. The sat & August 2002
comuni cations system of claim22 wherein the timng 5 signal associated
wi th any particular subchannel is transmtted in a separate frequency

al l ocation but on the sane satellite as the information- beariﬂ&/@%bhgg,
requiring th&'Q¥%¥BI 1er to firstly direct the tuners to receive the
frequency-separated timng signal to neasure relative propagati on del ay of

th bch | s, dl t t del, int | it f del
means i acoord GPRYESREAVE) @ FID BoTET ckba e depapba BBl evatet ne
first step. and Ehindlotaycofh EfSited BrhU BRI hbioPBRIo/PINRs@AP 25k HeC

i nformati on-bearing subchanne e comuni catl ons system of
cl ai m 25 wher ei nthet FIFKa buffeowontsinadhthereiandpelaye 72 presext autpdt sighalsttbe

plurality of subchannels are cat.ed on the me satelljte. 27. A

satel lite pommn?ﬁglppo%’é“g'{fgf bﬂ\w F'&ﬁ%ﬁ&@i‘bé@hﬁﬁ r%‘ﬁlfﬁi‘ﬁ(:‘?ef&h%ﬁéfpﬁ@a'?”e'
comuni cgt i on Ch§@ﬂ§|s, pl‘O'E!%céé_ttﬁ! édﬁcﬁaﬁﬁ@f’ﬂl?ﬁﬁﬁ&ﬂﬁ%héXn?ﬁiﬁﬂ‘s?&@ﬁf‘I?.' ng. a
mul ti-channel uplink systemdividing an original signal into a plurality of

20 subchannel s aftesel gignglsadiiemeviputs of dgmudytatbrs 60 dmthatdbéyx hemnew, t he
mul ti-channel upl.ink system ¢ Lsi,ng; a subchannel dj.vider for .
[ransiorming ¢ he BE AISHAET of 18 APraRRTl SO Haas dysGR sirtbeige.
subchannel s suchpbhat-dRagion saciuaaldisispal InaetRsNcasd of SaRer-GoRRd

i nformation unique to that subchannel; 25 a timng generator creating said

conmon tining si §udehansiedsianaloimpuls ig analagscapbines $0trepresent idantigal
gener at gg out put @Hlet, Gﬁg&@@fﬂ&@\g’?r‘?!dis%ﬁ(ibﬂ?afnoOHéi?Etao%%ﬁ%gugéctﬁ@te"“”‘ each

subchannel for adding't timng signal TO eac nnel

information si gnglhngpett.wih Bi sedone dee ind-Syrwhresizéd sohtnddivided nf or mat i on
signal such that 30 no addjtional bandw (iit h allocation is required to

transmit the tinFHRCNANG! fignalhadive st analeg sameinerfP. nfaavacambiaar 86 t he
si gnal conbi ni ng.pRAOS j ki ; I

transl ating the ?r equegggﬂg:‘&t ﬁgw%ew Bg %‘5’3’4?%%8@“%6%%&3@%"°t
subchannel si gnabkotimitede lnr additior o pfodutingsedmabined sutpet sighal 82, arspemder ;

anplifier. means coupl ed the converting nmeans t put associated with
each sulBhanner FOTBI ALplAHETRYiEs S eRRa phlbP dveRh A R0 added
subchannel si gnalgceiitd comtRNBR 4288 RPpEERinRtaduradie okl diigRmenedps out put
associ ated with each subchannel directing a radio frequency wave foward the

recei vi ng ant enngoirolteicdd afslin ifirsd anshsegondndigitaledividencpabinar reethedsed f or

Lne assort ated SRR P oREeRS, £ PRSI M QUanBd ST L o1 nY
del ayed reconst r irfdinedtiodf td Fexeiver gonablien 42alvhich ho?emgewnhrfgrth@:r m nal
e

system caonprising: .a plurality of i ndependent sing eam ant ennas

simul t a@@ousl yr 89'6‘?’?&'@‘%\( gw_famatf%ﬂ?mh@aiparcamh"yer&o Pf‘a’r’éﬁﬁafﬁﬂ?@w@anq
presenting each %nt?(?“eq gePwith®'Bhsis 18 c?eét@ﬂ%rt@-ﬁa%eé’g? Pé\!ati\Pé’H{el;ayaoe‘?\lvHéﬁ' Ity
of tuners, each coupled to a correspondi ng I nhdependent si ngle”beam antenna
out put port for subctdmeiswhidieinftuenyaffacty thé settiiy obdelayed@2si gnal to a

fixed internediate fr?ﬂ%&(a/);
In first, second, and third divider-combiner methods, tuners 32

25 provide information to timing signal correlator 44 using one of two
timing methods. In a first timing method, receiver controller 42 adjusts
.tuners 32 to receive timing signal 23 placed on all satellites with
transponders used by the virtual satellite system. In this first method,
tuner adjustment is necessary as the timing signals are placed at a

30 frequency assignment separate form the information-bearing
transponder signal. This out-of-band timing signal may be narrow-
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a plurality of denodul ators, each coupled to a correspondi ng tuner out put
for 20 denmpdul ating tuner output and creating an anal og si §malgust 2002
corresponding to the information content of the associated subchannel; a
plurality of delay neans, each coupled to a correspondi ng denodul at or

out put for dgbayhdas fi rst-arrivi ng subchannel signals such t PaT/Us9sPpLEB3 Of
the plurality of delay neans are synchronized in tinme; 25 an anal og

conbi ner coupled to the output of the plurality of delay nmeans for

conbi ni ng the i phAKTAtizAe $b 8¢H cBhséie IpikhBaRGRIth BrotheddAlerl axgd
reconstruction of the original analog signal; a timng signal correlator

coupled to gaﬁhred,m@r sysiepueostonn m@&‘@tﬁhl Wginchsignal a8iiy enselpted teethreen
" or i on aboltoypatd Beding VaReBoie it a BB Yoo Rhafbl EoBenty ¢ he

virtual channel gadduldtors sirgteggdor dath @te onfaohé eatecmttnéaﬁsteOoftdlgltﬂl urality
of i ndependent single beam antennas, the plurality of tuners e plurality

of del ayb means, tﬂﬂﬁéfftlﬁwmxgbtgltbﬂzﬂres% '“VEE!""!QHglﬁsﬂOtZﬁUU‘Z“l’S@(F‘ r dih& ¥ningand t he
nonvol atil e rremg@ﬁaﬁ ﬁflllieescﬂo ﬂQj BLafdRidth {c{ H‘wéﬁ@e Eﬁ#ﬂr%lﬁﬁcﬂpﬁ% g ! ator
| Fo 0 e

and the nonvol at ISSUIng con eac pendent

si ngl e beam ant suheham’tél |de@ybestnnalmarect?’osmbmhdsmod Hre tzmiﬁgpﬂlgnatsnt rol
signals to the tune s to subchannel receive fr Ci es g cont rol

signals to the PICHog PEGY raa P%“%%n@ana@Whra@ﬁl *F%%fs Sut put s.
28. The Sate"'gﬁt mmmﬁaﬁwaﬂ@nsx%{&@bqu.fé@'mgaoanﬁaﬁﬂ %@ |hs@gt sone

of the transponders associated with the plurality of subc nels are
| ocat edl®n the baveastreng shaip erosggorrelagionawith |a timecshifted vertiomof syst em

of claim 27 wherei N s n rtchar
subchannel is t?tﬁﬂlgﬁf‘pe'éaé’en?ﬁ ’ﬂ“@hﬁ&ﬁ%@fﬁ @&%‘éﬁgﬁ}s Lﬁ!\? 5‘%(’? "BYﬁn BR the
same satellite gRlides twd GRS sighabPprideBSocRiethéds. KbarfRiiminyg t he
controller to firstly direct the tuners to receive the frequency-separated

timng signal t®roassSQr eneteo@,tﬁlm@gp:ilgmlgcmrraiat%et4a90rmlater$e0@myt:ﬁm@éﬂ s,
secondl y set th?rgﬁVPdHErs%fza't % ds”reA%R/epdéfégé Lik¥ %ﬁ ?!I 28 bsléfggﬁe@ﬂaﬁ‘ccord

with the rel ati propagati on A'SyS easur e rnt

t hi rdl y15 edi r ecloctine ‘hdmetuagttnatrte.eeemuvbhmlasbenwéredwe sliosheinedhhsar i ng
subchannels. 20 30. The satellite conmrunicatio stem of claim 29 wherein

at |east some oPESBRJEPF QriBéWé'”Ss%?Eir&Iao{P%ﬂ“w ‘ﬁc 'H‘“e’ peRtraller 42 '(5‘@“
subchannel s ar e sbcahtlo WbyICTSIBOBIUM I riSadied emmBAly i

comuni cations systemof cldim27 wherein the plurality of su
cont ai n i denti caynchroaizesinputs, tOtafmlagszombmefoBQ;arlmtm sabeltlnq timecu e ed

e 3 bR e RO SR B N Slarel b e e
subchargeel s ar e slgp@hprsbad’ol ag mwaréats@bbhéﬁnelﬁ’s?gna bEpaW@é Liyd @
conmuni cations system of claim 31 wherein the timng -
second timing processor method, timing signal correlator 44 correlates
the output from each tuner 32 with a stored version of the known
timing signal, or by processing the recovered timing signal through a
process that will produce a periodic output in response to the timing
25 sighal. One example of such a procesé is a matched filter, but the
present invention is not so limited. Once the delays 40, 66, 72 are
adjusted to remove relative subchannel delay, tuners 32 are set to
'condgct the selected information-bearing transponder signals to the
respective demodulators in FIG. 1, FIG. 2, FIG. 3.
30 In a second timing method, the timing signal is as wide in

bandwidth as the information-bearing transponder and resides in
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5 August 2002 signal associated with any particul ar subchannel is
transmtted in a separate frequency allocation but on the Samgust2@02 ite as
the information-bearing carrier, requiring the controller to firstly direct
the tuners to receive the frequency-separated timng signal to neasure

rel ative praopggsidsen del ay of the subchannels, secondly set BCT/e9%a2eamt of
delay in the plurality of delay neans in accord with the relative
propagation del ays neasured in the first step, and thirdly redirect the
tuners to recei \és%aéttyethewebﬁéwld@ﬁonrﬁr%td%qﬁ@%ﬁgdmmﬁbﬁw%é 34. The
satellite conmuni catiions system of claim 33 wherein at |east sone of 10 the
t ransponders as¥deimaation sipodl, theetiping sipnalisgregtiy etignnates. alneordss4eed on

t he sane satell L . L ] .
A e A A | vt Hepttsnuaed iming;5iona, WBIngSigna| ggrielalok 44 first
{5 ﬁg AQ, :: ﬁé\- gkf[\?%fséesﬂ)e Anef outputé\thtob@h AQINArrsstemA@Acreéateda. AQ A, . AS.
t t

| wr mgb] ca]l ca]&!'ﬁ@]%%‘]%]"@@@ﬁ]t@zﬂ'ﬁ%ﬁ]&ﬂ%&]‘@%@?@é@'@&] dandlahave) 8] ca) cal ¢

g;J]M(;\%}\I)Cﬁl{C \all]qu]bf)g{q]i@g‘f% %Mca?éﬁ Tééaqc%g? ca]e carlﬁ]ocg]'%ta ca]om]a(tzlgrcae]acrg‘] cajcalc

a] ca] CE] ca]ﬁtgz]rgggn%ca]ml]\smhcmvgaﬁoa]wl thnﬁfps\bf tgree exemplary cal cal ¢
a] ca] ca] ca] ca] cRICEFEES c%]%fé](’gé]("dé]‘)dﬁﬁldf Land % % ]‘@L%&'&lf'&ela E‘%ﬁe{k] ca] ca!
4, - - \?
e T T el ol
aJ ca ca]ca]ca]ca
S AR SRR e et B g gL L
1 ca] ca] ca] ca] capeadeadiczd.cal malchig SAVYAlteplrtrRloenlingiemiinal telperiormiscal] caj
[ 8] cal ch] oh] cal]e ENSIRa.E) balgioRasiorbineas 4 6a UpeaNTEc MPcRITDRRka] cal ca] ca
]ca]ca]ca]ca]ca aJcaJca] ca
AL R S iy I e Lo

] ca] ca]ra exemplary process the timing signal is pseudorandom noise. Timing

L el oA AR ASh il G o241 2

j SWET t (4C9<J{ Upk&ool tnd mrmg GOMEERLERBERSaid 6kl caberldraiigoal oal ca

] cal] ca] ca] caU] ca] cal] ca] ca]ca] ca] ca] ca] cal] ca] caU] calca

48CWZ25KC xr ngbpignal zcpwsition uhegasegiated]titaingaipral] witl §xpgriencs ealpear )] ca] cau
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a feedforward control system. Feedback is possible however in the
exemplary systems of FIG. 3, FIG. 4. Outputs from delays 56 in the
digital power-division receiver of FIG. 3 are highly correlated. If the
5 delay setting is slightly in error, a local digital correlation reveals the
necessary small correction. Outputs from delays 72 in the analog
receiver of FIG. 4 are correlated to some extent depending on the
nature of the analog division and the instant properties of the analog
content. This provides optional feedback to receiver controller 42 to
10 affect local timing corrections.

While several particular forms and variations thereof have been
illustrated and described, it will be apparent that various modifications
can be made without departing from the spirit and scope of the
invention. Accordingly it is not intended that the invention be limited,

15 except by the appended claims.
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I claim:

1. A satellite communications system which provides an enhanced digital

communication channel, the satellite communications system comprising:

a multi-channel uplink system dividing an original signal into a plurality of
subchannels and adding a common timing signal to each subchannel,
the multi-channel uplink system comprising:

a subchannel divider for transforming the original digital signal into a plurality
of digital subchannels such that each digital subchannel signal
contains at least some information unique to that subchannel and also
such that the bit rate of each digital subchannel signal is lower than the
bit rate of the original digital signal;

a timing generator creating said common timing signal;

signal combining means coupled to the timing generator output and the
subchannel divider output associated with each subchannel for adding
the common timing signal to each subchannel information signal and
within the bandwidth of each subchannel information signal such that
no additional bandwidth allocation is required to transmit the timing
information signal;

upconverting means coupled to the signal combining means output associated
with each subchannel for translating the frequency of the timing-added
subchannel signal to the frequency of the selected satellite
transponder;

amplifier means coupled to the upconverting means output associated with
each subchannel for increasing the power of the translated, timing-
added subchannel signal; and

antenna means coupled to the amplifier means output associated with each
subchannel directing a radio frequency wave toward the receiving
antenna of the satellite containing the transponder selected for the
associated subchannel; and

a receiving terminal system collecting signals from a plurality of selected
satellite transponders and creating a delayed reconstruction of the
original signal, the receiving terminal system comprising:
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a multiple beam antenna simultaneously receiving signals from the plurality of

transponders and presenting each of said signals on a separate output
port;

a plurality of tuners, each coupled to a corresponding multiple beam antenna

5 output port for translating the frequency of each received signal to a
fixed intermediate frequency;

a plurality of demodulators, each coupled to a corresponding tuner output for
demodulating tuner output and creating a bit stream corresponding to
the information content of the associated subchannel;

10 a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that outputs
of the plurality of delay means are synchronized in time;

a digital combiner coupled to the output of the plurality of delay means for
combining the information in each of the subchannels into a delayed

15 reconstruction of the original digital signal;

a timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;

a nonvolatile memory for storing information about the frequency and
propagation delay properties of the virtual channels to be selected; and

20 a controller coupled to the multiple beam antenna, the plurality of tuners, the
plurality of delay means, the timing signal correlator, and the
nonvolatile memory for receiving signals from the timing signal
correlator and the nonvolatile memory and issuing control signals to
the multiple beam antenna setting beam direction and polarization,

25 control signals to the tuners to set subchannel receive frequencies,
and control signals to the plurality of delay means to synchronize delay
means outputs.

2. The satellite communications system of claim 1 wherein at least some of
30 the transponders associated with the plurality of subchannels are located on the
same satellite.

3. The satellite communications system of claim 1 wherein the timing signal
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5 delay in the plurality of delay means in accord with the relative propagation delays

measured in the first step, and thirdly redirect the tuners to receive the associated
information-bearing subchannels.

4. The satellite communications system of claim 3 wherein at least some of
10 the transponders associated with the plurality of subchannels are located on the
same satellite.

5. A satellite communications system which provides an enhanced digital
communication channel, the satellite communications system comprising:

15 a multi-channel uplink system dividing an original signal into a plurality of
subchannels and adding a common timing signal to each subchannel,
the multi-channel uplink system comprising:

a subchannel divider for transforming the original digital signal into a plurality
of digital subchannels such that each digital subchannel signal

20 contains at least some information unique to that subchannel and also
such that the bit rate of each digital subchannel signal is lower than the
bit rate of the original digital signal,

a timing generator creating said common timing signal;
signal combining means coupled to the timing generator output and the

25 subchannel divider output associated with each subchannel for adding
the common timing signal to each subchannel information signal and
within the bandwidth of each subchannel information signal such that
no additional bandwidth allocation is required to transmit the timing
information signal;

30 upconverting means coupled to the signal combining means output associated
with each subchannel for translating the frequency of the timing-added
subchannel signal to the frequency of the selected satellite
transponder;
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associated subchannel; and

a receiving terminal system collecting signals from a piurality of selected
satellite transponders and creating a delayed reconstruction of the
original signal, the receiving terminal system comprising:

a plurality of independent single beam antennas simultaneously receiving
signals from the plurality of transponders and presenting each of said
signals on a separate output port;

a plurality of tuners, each coupled to a corresponding independent single
beam antenna output port for translating the frequency of each
received signal to a fixed intermediate frequency;

a plurality of demodulators, each coupled to a corresponding tuner output for
demodulating tuner output and creating a bit stream corresponding to
the information content of the associated subchannel;

a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that outputs
of the plurality of delay means are synchronized in time;

a digital combiner coupled to the output of the plurality of delay means for
combining the information in each of the subchannels into a delayed
reconstruction of the original digital signal,

a timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;

a nonvolatile memory for storing information about the frequency and
propagation delay properties of the virtual channels to be selected; and

a controller coupled to the plurality of independent single beam antennas, the
plurality of tuners, the plurality of delay means, the timing signal
correlator, and the nonvolatile memory for receiving signals from the
timing signal correlator and the nonvolatile memory and issuing control
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-4
ﬁ%ctit)h and polarization, control signals to the tuners to set
subchannel receive frequencies, and control signals to the plurality of

delay means to synchronize delay means outputs.

5
6. The satellite communications system of claim 5 wherein at least some of
the transponders associated with the plurality of subchannels are located on the
same satellite.
10 7. The satellite communications system of claim 5 wherein the timing signal

associated with any particular subchannel is transmitted in a separate frequency
allocation but on the same satellite as the information-bearing carrier, requiring the
controller to firstly direct the tuners to receive the frequency-separated timing signal to
measure relative propagation delay of the subchannels, secondly set the amount of
15 delay in the plurality of delay means in accord with the relative propagation delays
measured in the first step, and thirdly redirect the tuners to receive the associated

information-bearing subchannels.

8. The satellite communications system of claim 7 wherein at least some of
20 the transponders associated with the plurality of subchannels are located on the

same satellite.

9. A satellite communications system which provides an enhanced digital
communication channel, the satellite communications system comprising:

25 a multi-channel uplink system dividing an original signal into a plurality of
subchannels and adding a common timing signal to each subchannel,
the multi-channel uplink system comprising:

a subchannel divider for transforming the original digital signal into a plurality
of digital subchannels such that each digital subchannel signal carries

30 identical information at the same bit rate as the original digital signal;

a timing generator creating said common timing signal;
signal combining means coupled to the timing generator output and the
subchannel divider output associated with each subchannel for adding
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within the bandwidth of each subchannel information signal such that
no additional bandwidth allocation is required to transmit the timing
information signal;

5 upconverting means coupled to the signal combining means output associated
with each subchannel for translating the frequency of the timing-added
subchannel signal to the frequency of the selected satellite
transponder,;

amplifier means coupled to the upconverting means output associated with

10 each subchannel for increasing the power of the translated, timing-

added subchannel signal; and

antenna means coupled to the amplifier means output associated with each
subchannel directing a radio frequency wave toward the receiving
antenna of the satellite containing the transponder selected for the

15 associated subchannel; and

a receiving terminal system collecting signals from a plurality of selected
satellite transponders and creating a delayed reconstruction of the
original signal, the receiving terminal system comprising:

a multiple beam antenna simultaneously receiving signals from the plurality of

20 transponders and presenting each of said signhals on a separate output
port;

a plurality of tuners, each coupled to a corresponding multiple beam antenna
output port for translating the frequency of each received signal to a
fixed intermediate frequency;

25 a plurality of demodulators, each coupled to a corresponding tuner output for
demodulating tuner output and creating a stream of soft decisions in
the form of digitized decision-confidence-values corresponding to the
associated subchannel;

a plurality of delay means, each coupled to a corresponding demodulator

30 output for delaying first-arriving subchannel signals such that soft
decision outputs of the plurality of delay means are synchronized in
time;

a digital combiner coupled to the output of the plurality of delay means for
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a timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;
5 a digital correlator coupled to the delay means outputs for providing an
additional measure of the relative delay between channels;
a nonvolatile memory for storing information about the frequency and
propagation delay properties of the virtual channels to be selected; and
a controller coupled to the multiple beam antenna, the plurality of tuners, the
10 plurality of delay means, the timing signal correlator, the digital
correlator, and the nonvolatile memory for receiving signals from the
timing signal correlator and the nonvolatile memory and issuing control
signals to the multiple beam antenna setting beam direction and
polarization, control signals to the tuners to set subchannel receive
15 frequencies, and contro!l signals to the plurality of delay means to
synchronize delay means outputs.

10. The satellite communications system of claim © wherein at least some of
the transponders associated with the plurality of subchannels are located on the
20 same satellite.

11. The satellite communications system of claim ¢ wherein the timing signal
associated with any particular subchannel is transmitted in a separate frequency
allocation but on the same satellite as the information-bearing carrier, requiring the

25 controller to firstly direct the tuners to receive the frequency-separated timing signal to
measure relative propagation delay of the subchannels, secondly set the amount of
delay in the plurality of delay means in accord with the relative propagation delays
measured in the first step, and thirdly redirect the tuners to receive the associated
information-bearing subchannels.

30

12. The satellite communications system of claim 11 wherein at least some of
the transponders associated with the plurality of subchannels are located on the
same satellite.
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13. A satellite communications system which provides an enhanced digital

communication channel, the satellite communications system comprising:

10

15
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a multi-channel uplink system dividing an original signal into a plurality of
subchannels and adding a common timing signal to each subchannel,
the multi-channel unlink system comprising:

a subchannel divider for transforming the original digital signal into a plurality
of digital subchannels such that each digital subchannel signal carries
identical information at the same bit rate as the original digital signal;

a timing generator creating said common timing signal;

signal combining means coupled to the timing generator output and the
subchannel divider output associated with each subchannel for adding
the common timing signal to each subchannel information signal and
within the bandwidth of each subchannel information signal such that
no additional bandwidth allocation is required to transmit the timing
information signal;

upconverting means coupled to the signal combining means output associated
with each subchannel for translating the frequency of the timing-added
subchannel signal to the frequency of the selected satellite
transponder;

amplifier means coupled to the upconverting means output associated with
each subchannel for increasing the power of the translated, timing-
added subchannel signal; and

antenna means coupled to the amplifier means output associated with each
subchannel directing a radio frequency wave toward the receiving
antenna of the satellite containing the transponder selected for the
associated subchannel; and

a receiving terminal system collecting signals from a plurality of selected
satellite transponders and creating a delayed reconstruction of the
original signal, the receiving terminal system comprising:

a plurality of independent single beam antennas simultaneously receiving
signals from the plurality of transponders and presenting each of said
signals on a separate output port;
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a plurality of tuners, each coupled to a corresponding independent single
beam antenna output port for translating the frequency of each
received signal to a fixed intermediate frequency;

a plurality of demodulators, each coupled to a corresponding tuner output for
demodulating tuner output and creating a stream of soft decisions in
the form of digitized decision-confidence-values corresponding to the
associated subchannel;

a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that soft
decision outputs of the plurality of delay means are synchronized in
time;

a digital combiner coupled to the output of the plurality of delay means for
combining soft decision from all subchannels received into said
delayed reconstruction of the original digital signal;

a timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;

a digital correlator coupled to the delay means outputs for providing an
additional measure of the relative delay between channels;

a nonvolatile memory for storing information about the frequency and
propagation delay properties of the virtual channels to be selected; and

a controller coupled to the plurality of independent single beam antennas, the
plurality of tuners, the plurality of delay means, the timing signal
correlator, the digital correlator, and the nonvolatile memory for
receiving signals from the timing signal correlator and the nonvolatile
memory and issuing control signals to each independent single beam
antenna setting beam direction and polarization, control signals to the
tuners to set subchannel receive frequencies, and control signals to
the plurality of delay means to synchronize delay means outputs.

14. The satellite communications system of claim 13 wherein at least some of

the transponders associated with the plurality of subchannels are located on the
same satellite.
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*10% & ()-!9%&g 18 ﬁtell*te communications system of claim 13 wherein the timing signal
associated with any particular subchannel is transmitted in a separate frequency
allocation but on the same satellite as the information-bearing carrier, requiring the
5 controller to firstly direct the tuners to receive the frequency-separated timing signal to
measure relative propagation delay of the subchannels, secondly set the amount of
delay in the plurality of delay means in accord with the relative propagation delays
measured in the first step, and thirdly redirect the tuners to receive the associated
information-bearing subchannels.
10
16. The satellite communications system of claim 15 wherein at least some of
the transponders associated with the plurality of subchannels are located on the

same satellite.

15 17. A satellite communications system which provides an enhanced analog

communication channel, the satellite communications system comprising:

a multi-channel uplink system dividing an original signal into a plurality of
subchannels and adding a common timing signal to each subchannel,
the multi-channel uplink system comprising:

20 a subchannel divider for transforming the original analog signal into a plurality
of analog subchannels such that each subchannel signal contains at
least some information unique to that subchannel;

a timing generator creating said common timing signal;

signal combining means coupled to the timing generator output and the

25 subchannel divider output associated with each subchannel for adding
the common timing signal to each subchannel information signal and
within the bandwidth of each subchannel information signal such that
no additional bandwidth allocation is required to transmit the timing
information signal;

30 upconverting means coupled to the signal combining means output
associated with each subchannel for translating the frequency of the
timing-added subchannel signal to the frequency of the selected
satellite transponder;
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antenna means coupled to the amplifier means output associated with each

5 subchannel directing a radio frequency wave toward the receiving
antenna of the satellite containing the transponder selected for the
associated subchannel; and

a receiving terminal system collecting signals from a plurality of selected
satellite transponders and creating a delayed reconstruction of the

10 original signal, the receiving terminal system comprising:

a multiple beam antenna simultaneously receiving signals from the plurality
of transponders and presenting each of said signals on a separate
output port;

a plurality of tuners, each coupled to a corresponding multiple beam antenna

15 output port for translating the frequency of each received signal to a
fixed intermediate frequency;

a plurality of demodulators, each coupled to a corresponding tuner output for
demodulating tuner output and creating an analog signal
corresponding to the information content of the associated subchannel;

20 a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that outputs
of the plurality of delay means are synchronized in time;

an analog combiner coupled to the output of the plurality of delay means for
combining the information in each of the subchannels into said delayed

25 reconstruction of the original analog signal;

a timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;

a nonvolatile memory for storing information about the frequency and
propagation delay properties of the virtual channels to be selected; and

30 a controller coupled to the multiple beam antenna, the plurality of tuners, the
plurality of delay means, the timing signal correlator, and the
nonvolatile memory for receiving signals from the timing signal

correlator and the nonvolatile memory and issuing control signals to
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18. The satellite communications system of claim 17 wherein the analog
combiner provides additional relative subchannel delay information to the controller.

19. The satellite communications system of claim 17 wherein at least some of
10 the transponders associated with the plurality of subchannels are located on the
same satellite.

20. The satellite communications system of claim 17 wherein the timing
signal associated with any particular subchannel is transmitted in a separate
16 frequency allocation but on the same satellite as the information-bearing carrier,
requiring the controller to firstly direct the tuners to receive the frequency-separated
timing signal to measure relative propagation delay of the subchannels, secondly set
the amount of delay in the plurality of delay means in accord with the relative
propagation delays measured in the first step, and thirdly redirect the tuners to

20 receive the associated information-bearing subchannels.

21. The satellite communications system of claim 20 wherein at least some of
the transponders associated with the plurality of subchannels are located on the
same satellite.

25

22. The satellite communications system of claim 17 wherein the plurality of
subchannels contain identical information, the associated carriers being modulated
identically.

30 23. The satellite communications system of claim 22 wherein the analog
combiner provides additional relative subchannel delay information to the controller.

24. The satellite communications system of claim 22 wherein at least some of
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5 signal associated with any particular subchannel is transmitted in a separate
frequency allocation but on the same satellite as the information-bearing carrier,
requiring the controller to firstly direct the tuners to receive the frequency-separated
timing signal to measure relative propagation delay of the subchannels, secondly set
the amount of delay in the plurality of delay means in accord with the relative
10 propagation delays measured in the first step, and thirdly redirect the tuners to

receive the associated information-bearing subchanneils.

26. The satellite communications system of claim 25 wherein at least some of
the transponders associated with the plurality of subchannels are located on the
15 same satellite.

27. A satellite communications system which provides an enhanced analog

communication channel, the satellite communications system comprising:

a multi-channel uplink system dividing an original signal into a plurality of

20 subchannels and adding a common timing signal to each subchannel,
the multi-channel uplink system comprising:

a subchannel divider for transforming the original analog signal into a plurality
of analog subchannels such that each subchannel signal contains at
least some information unique to that subchannel;

25 a timing generator creating said common timing signal;

signal combining means coupled to the timing generator output and the
subchannel divider output associated with each subchannel for adding
the common timing signal to each subchannel information signal and
within the bandwidth of each subchannel information signal such that

30 no additional bandwidth allocation is required to transmit the timing
information signal;

upconverting means coupled to the signal combining means output
associated with each subchannel for translating the frequency of the
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O -M! 1%" 10% &Izg )récl\é?wr;gb tegrmrl]nal s!ystem c&llectmg signals from a plurality of selected
satellite transponders and creating a delayed reconstruction of the
original signal, the receiving terminal system comprising:

a plurality of independent single beam antennas simultaneously receiving
signals from the plurality of transponders and presenting each of said

15 signals on a separate output port;

a plurality of tuners, each coupled to a corresponding independent single
beam antenna output port for translating the frequency of each
received signal to a fixed intermediate frequency;

a plurality of demodulators, each coupled to a corresponding tuner output for

20 demodulating tuner output and creating an analog signal
corresponding to the information content of the associated subchannel;

a plurality of delay means, each coupled to a corresponding demodulator
output for delaying first-arriving subchannel signals such that outputs
of the plurality of delay means are synchronized in time;

25 an analog combiner coupled to the output of the plurality of delay means for
combining the information in each of the subchannels into said delayed
reconstruction of the original analog signal;

a timing signal correlator coupled to each tuner output for measuring the
relative delay between arriving subchannel signals;

30 a nonvolatile memory for storing information about the frequency and
propagation delay properties of the virtual channels to be selected; and

a controller coupled to the plurality of independent single beam antennas, the
plurality of tuners, the plurality of delay means, the timing signal
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30. The satellite communications system of claim 29 wherein at least some of
the transponders associated with the plurality of subchannels are located on the
same satellite.

25 31. The satellite communications system of claim 27 wherein the plurality of
subchannels contain identical information, the associated carriers being modulated
identically.

32. The satellite communications system of claim 31 wherein at least some of
30 the transponders associated with the plurality of subchannels are located on the
same satellite.

33. The satellite communications system of claim 31 wherein the timing
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signal associated with any particular subchannel is transmitted in a separate
frequency allocation but on the same satellite as the information-bearing carrier,
requiring the controller to firstly direct the tuners to receive the frequency-separated
timing signal to measure relative propagation delay of the subchannels, secondly set
the amount of delay in the plurality of delay means in accord with the relative
propagation delays measured in the first step, and thirdly redirect the tuners to
receive the associated information-bearing subchannels.

34. The satellite communications system of claim 33 wherein at least some of

the transponders associated with the plurality of subchannels are located on the
same satellite.
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