Di gi tal Conmmuni cation System and Method Field of the Invention 5 The
present invention relates to a digital comrunication system and net hod.t hat
sends and receives data to and fromstations in a satellite conmunication
system digital radio and cellul ar tel ephony and refers particularly,

t hough not exclusively, to such a systen1and nmet hod that enabl es the use
of relatively small renpte antennas. 10! Background to the Invention In a
di gital conmunication system the m ninum useabl e antenna size normally

depends on the antenna’s r aigital €8minuaiRatidr Sy3Reh &RCALLKEd 921 N, required
receive 15 carrier-to-noise ("C/N') level, transmt and receive beam

wi dth, and the maxi nrum al |l owed EIRP fl ux denS| ty signal energy for off-axis
ant enna patt er n§ieldofithe wentionnt enna has advant ages of a better antenna
gain, smaller beamw dth and | ess antenna noise, conpared to a smaller
antenna, if aII ot her paraneters remain the sanme. However, a big antenna

i s expensive’ anbe P@s%f"V%HUé‘fﬁt%fPl 3 digital, cammpnicalianesystom ard gietioddiat ant enna

al | ows port abi | sénds abditechioss datie rand fraﬂstménsgaa Batélitd coramenicatioe §jsteen, gai n,

conpared to a |g {Q%Fad%rgnﬁ@&ﬁnarélehﬁ)%rané RESL E(a?ucgﬁhyptﬁm% hcﬁ cIL}sRi off 800"

quality link. A Tower tran i ncrease
its transmt poRkt & SYsieHpERsaeBod dhat t%émesz@es#ﬁ?r off @I’qt"’?'h St“ﬁl‘e remeldismi t

gai n. By increasantaghakt s transm ssion power, the transmtter nmay exceed the
defined EIRR flux density signal energy requirenents for off-axis antenna
patterns. It may al so introduce interference to adjacent receivers of the
sanme or di ffere\éﬂcwteih*ﬁbmmnhcatl on systenms, and may even introduce a
heal th hazard. A snaller antenna al so has a wi der beam wi dt h, vvhi ch makes

it 30 nore suscE{)tlbl‘agt0| rfer ncefromsurro di n GEq_iunlts |s further
reduces the 7 Ay fco'fnﬁ]gn'f;?'ﬂﬂ SY § JHPUT HESS P‘?\/@n "8 728 ofpp bne aspect
the present i nvémem!morprtmmaa refiuged fansodinandrecivel gain, Sg@lretivdceive

communi cati @5 bei&eEindlsd FEML) LRI FaRRlit 48 Jedive SRR Lidite il B manidign f 1 1 st

term nal
allowed EIRP flux density signal energy for off-axis antenna pattemns. A larger

antenna has advantages of a better antenna gain, smaller beam width and less
antenna noise, compared to a smaller antenna, if all other parameters remain the
same. However, a big antenna is expensive, and is not conveniently transportable.

20 A smaller antenna allows portability, but has lower transmit gain and lower receive
gain, compared to a larger antenna.

A lower receive gain may lead to a poor quality fink. A lower fransmit gain may
mean the transmitter must increase its fransmit power to compensate for the
25  shortfall in the transmit gain. By increasing its transmission power, the transmitter
may exceed the defined EIRP flux density signal energy requirements for off-axis
- .antenna patterns. [t may alsc introduce interference to adjacent receivers of the .
same or different types of communication systems, and may even introduce a
health hazard. A smaller antenna also has a wider beam width, which makes it
3¢  more susceptibie to interference from surrounding units. This further reduces the
' quality of the link.

Summary of the Invention

35  In one aspect the present invention provides a digital communication system for

- communication between a first terminal and a second terminal, the first terminal

comprising a spread spectrum modulator for spreading a signal, the signal being
-spread by a spread factor.



conprising a spread spectrum nodul ator for spreading a signal, the signal
being spread by a spread factor. 2 The spread factor nay be in the range
1 to 999, preferably the spread factor is in the range 10 to 50, and nore
preferably the spread factor is 31. The spread spectrum nodul ator may be a
di rect sequence spread spectrum nodul ator or a 5 frequency hoppi ng spread
spectrum nodul ator. The second terninal Aay have a spread spectrum

denodul ator, which can be a frequency hoppi ng spread spectrum nodul at or,
or a direct sequence spread spectrum denodul ator, but is preferably a

di rect sequence sgr ead s ectrum 10 dermdul at or. The di rect sequence spread
spect r um demodulT8 6ﬁ’refﬁjaf9 torgpah R thegpngesl oSO8 referabikinssPreas fRsier Stihe second
term nal nodem ther dahgy 1@ @Tpo, bt meprébrefersthit the aspeead ffactar ibBOCKTheapreadter, a

down converter 1§5’EF&%‘3ﬁz§dﬂla Pl bS%ré%S éegﬂﬁm‘ig%g%% s%e%trurﬁ‘n?od&%%rré" er, and

an interface. uence s nodul at or may
formpart of3a freauspcy hoeping nalhreﬁédmgcttmmbdlrl@ttorer m nal nodem al so
conprising at |east one of: an interface, a mcroprocessor, a forward

error correction_enco further cony. ter a bl ock up
conver ter and NS BN eraPal ity G 2 <PiRey SesPiun ot e Bt A ¢ of a
first term nal #&euiepevehenpingheprdadr spectrume meidnlator, exyud piwmﬂtseﬁuﬁﬂph@pree@)rrprl si ng

at | east one of spdirlirh 2dbpiBaliatbC] HRE s Ereketrﬁry aad.reewseda@.rcae #&&Ckpet:rrdrﬁ er, a
bl ock up converter e second term nal

modem may bé® pafe™ ?ﬂ“%éo’sg%qoﬂ'&dtsg‘i‘ﬁ%ﬁprﬁﬂggfﬁ?’ﬂnﬁ‘tdemﬁﬁamﬁyg‘em°f erm nal

equi prent  f ur t hesegodermaigodat, the asdond teeminél. maletnr fanfentdmprieingetleasti | ter, a
bl ock down Convsré&rabecmoﬂré?répatcrowhl grrenérhganrerréten&%{rédangd JerDg @ remte

term nal and the second term nal may a hu term na n anhot her
aspect of the i AiFERFENERHE, FHANEPr ovi ded a nmethod for the reduction of
noi se relative to a signal, the nmethod including the steps: (a) at a first

term nal, geper ?‘ﬁé Qigecf”‘se%iugr{l@lsprtegd erasté'r{ %L%{?brﬁ 1i'rf‘t:w(airlator may form part of a first
terminal modem, the first terminal modem also comprising at least one of. an
interface, a microprocessor, a forward error correction encoder, a further
modulator, an up converter, a block up converter, and an amplifier.

' 20  The first terminal modem may be part of a first terminal equipment, the first
terminal equipment further comprising at least one of. a transmit reject filter, a low
noise block filter, a block up cenverter, an up converter, and an amplifier.

The second ferminal modem may be part of a second terminal equipment, the
25  second terminal equipment further comprising .at least one of: a transmit reject

filier, a block down converter, a microcontroller.

The first terminal may be a remote terminal and the second terminal may be a hub

terminal.
30
'In another aspect of the invention, there is provided a method for the reduction of
noise relative to a signal, the method including the steps:
(a) at a first terminal, generating a signal to be fransmitted, _
(b} at the first terminal modulating the signal to spread the signal to form a
35 spread signal, and ' |

(c) the first terminal transmitting the spread signal.



(b) at the first termnal nodulating the signal to spread the signal to
forma 35 spread signal; and (c) the first termnal transmtting the
spread signal. 3 The spread signal nay be received by a second term nal
the second termnal wusing a denodul ator to de-spread the spread signal and
any received signal noise. |In a further aspect of the invention there is
provided a nmethod for the reduction of 53noise relative to a signal, the
met hod including the steps a second ternmnal receiving a spread signal;

and the second fg& @br@é’d SisHl %y%e%é@ﬂ%ﬂlﬁtéjgecbﬁd ‘fg?mlnﬁlpfh@aééctwgeteﬁrmﬁﬁad si gnal

and any recei ved S|§g nolse'to formthe signal and uce t
recei ved si gnal Y${gf ‘éem"FH'é"oéﬁd@éHreéi’ Eﬁ"ﬁéPreﬁ%?gr@éa’idra&ﬁEeﬁ?'i’qde'i’ﬂ“ﬁ’;ﬂoéfef| rst

terminal, the first termnal nodulating a signal to spread the transmtted

Signal o 10 O IIKAE SALEAh AN, BLG obfudf 2RI bl 08 Adieuchly oad

signal. The resent Invention
conprising a cBoffuledive tegr sighab die f‘ﬂ&ﬂmd m@%tmﬁhegﬂ@@da tsgccmddgm@ﬁl | east

one processor t&celﬁ}(@%lﬁpféaﬂ%%nﬂr arﬁmfhe Jebtﬂﬁttblﬂﬂ%[ hgngﬁa%ta}nad@aoraﬂanﬁt atus to
performthe neth t t erm nal

may conprise a gpr? da% g%rs%cf?’%"r??%o%ﬂy r?celwe?(?'lg"gé‘ﬁ'?%gd{gs%thFr?égngl t he
si gnal being spreéa@ they regeivgolrsiand! rfoiset ofhe sp@aBsigresl mBe be transited bmfa ftShe

Drawi ngs In or d%?mlhﬂaﬂhe?B@te’rrﬁﬁﬁrﬂﬁddglatlr@vé’s@f‘al tbegptré‘a’a th@%fsﬁft@@glgﬁél% readily
put into practi escri bed by way of

non-1inmitatiVe @{PAFP&SBMS@F‘@M Hpépéﬁnga'ﬁﬁﬁg‘ﬁéwﬁﬁgf%”%f the present

invention, the description being with 25 reference to the acconpanying

i1 lustrative dr g BQSerk rhv\emosm;soF%reua& L%o.lnﬁutanugabm&m e ,p%@mg graph of

an antenna situation wth g % i nterference; ure

i |l ustration antPTUEHPragram fodeniahisacoafiqups: o fRush F%'eﬁﬂtoélef%ﬁ’céﬁﬁf’é o Fi gure
lc is an il ustestitermnand ngira filaciwhs ttd enabiet an appasatiisu @t padiorno theFmgiioe | b after
use 30 of @5 prg%sg,rgeg p@apect of the present invention; Figure 2 is a block
diagram of a preferred systemfor use in a renote termnal;

For both forms, the first terminal may comprise a spread spectrum modulator for
spreading the signal, the signal being spread by a spread factor.

20  Brief Description of the Drawings

In order that the invention may be better understood and readily put into practical
effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present. invention, the description being with
25  reference to the accompanying iliustrative drawings in which:
Figure 1a is an illustration and graph of an antenna situation with negligible
interference;
Figure 1b is an iliustration and graph of an antenna situation with interference;
Figure 1c is an illustration and graph of the antenna situation of Figure 1b after use
30 of a preferred aspect of the present invention;
Figure 2 is a block diagram of a preferred system for use in a remote terminat;
Figure 3 is a block diagram of the modem of Figure 2;
Figure 4 is a block diagram for a preferred system for use in a hub station;
Figure 5 is a block diagram of the modem of Figure 4;
35 - Figure 6 is a block diagram of an alternative system for use in a remote terminal,
' Figure 7 is a block diagram of three different forms of down converters for use in
the embodiment of Figure 6; and |



Figure 3 is a block diagramof the nodemof Figure 2; Figure 4 is a block
diagramfor a preferred systemfor use in a hub station; Figure 5is a

bl ock di agram of the nodem of Figure 4; 35 Figure 6 is a block diagram of
an alternative systemfor use in a renote termnal; Figure 7 is a block

di agramof three different forns of down converters for use in the

enbodi nent of Figure 6; and 4 Figure 8 #s a bl ock diagramof two different
forms of up converters for use in the enbodinent of Figure 6. Detailed

Description of Er're%rt?%%&cﬁ%a?ghoé#'t\ﬂ@@#@enﬁo% F AP HEARSL kRS HShE S,

whether it is sa lite _|g radio or cellular (or a hybrld of two or
nore of them b?m ‘'ng techniques that require a | ower power
density, such as spread spectrum (for exanple DSSS, FHSS, and so forth), a

smal | er antenna |l er antenna it is possible
to 10 still ?%Eeéglgee?ﬁﬁ%d‘@%&'%ﬁaﬂ%ﬁ ens?"f/e“g gnal energy requirenents

for off-axi s5 antenna patterns, and m ni num adj acent interference, whether

it is fromthe ﬁaaéﬁanmdn}éﬁl%noé st@ﬂmiﬁﬁtlﬁ‘é\tll rarbaaemaat QG4 fredio SX BBMAL (or a
satellite-to- salt| ons tems

|1 i f nt t.
(satellite, digt % ‘I% ¢ moreeclf 'ﬁ guby ufﬁﬁfp:accg?fﬁ'gg% hf"Slt‘etsﬁﬁlat ref%" Cf‘”@[ls
nmodul ati on schemy@r defshty. gach dsepreask appgirem (BRSEMPIOPSKS, KFSKndpelfogh), forth;
network t ?polnoga @ﬁa!&!ﬂ'ﬁrﬂer@é’caﬁ Qé uSHa s .teiﬁs@fg,a m&an@agé tt%t gclsask?rgg? 1; orth;
communi cat i S |
ol Tul e g 60 “HBITHE P Ry Rl Soeh sy FSireielingPe o Bband,
C band, Ku- bandant@mbaaﬁt&ms amtmisinufroadjacentristyridoance, sgethei0is Floen the s@ssi ng
techni que may bg,Dide s%u§€a%¢ﬂ§@n§mr%@npﬁp@&&mtgm %@ge%rd.ﬁ&@ﬁ BOFY Hoppi ng

Spread Spectrum ( FHSS) , rw se, and sate
communi cat i ons. c"gifmb"é‘@\‘f@Sﬁﬁgﬁf'(SétP'ﬂ’térd'@EI"@ﬁ'al%@'Q’Hé”'zs?%%ﬂ forgf); | have a

| ower power density. Thus will neet regulatory requirements, while

requi ting Ve Y gaiolOWofifbd Yonlink bitAIa3 rof el K @PEROHPLRKGYR! I 1y, The
P forth, network topologies such as, for example Star, Mesh, Hybrid and so forth;

communication systems such as for example, satellite, digital radio, cellular & so
forth; and frequency band such as, for example, L-band, C-band, Ku-band, S-band,
and so forth, may be used.
20
The accessing technique may be Direct Sequence Spread Spectrum (DSSS),
Frequency Hopping Spread Spectrum (FHSS), or otherwise, and may be used in
satellite communications. By using DSSS, after spreading the signal will have a
~ lower power density. Thus will meet regulatory requirements, while requiring very
25  low energy bits/noise to achieve a good link quality. The low power transmission
should introduce only a small amount of adjacent interfering-signal power, which
typically is below the interfered system’s noise level. When the received signal is
being de-spread to receive the desired signal, the same process will spread the
adjacent interfering signal (or signals} to a relatively low level, and thus cause
30 reduced influence on the received link quality.

This invention can be used with different network topologies as long as the transmit
“and receive antenna sizes are suitable for the required link quality. '

35  Throughout the descriptidn, like components have like reference numerals.



shoul d introduce only a small amount of adjacent interfering-signal power,
which typically is belowthe interfered system s noise | evel. Wen the
received signal is being de-spread to receive the desired signal, the sane
process will spread the adjacent interfering signal (or signals) to a
relatively low |l evel, and thus cause 30 reduced influence on the received
link quality. This |nvent|on can be used®with different network topol ogies
as long as the transmt and receive antenna sizes are suitable for the

required |ink qn@dnbwsh&é JEHtQMQB&h‘rhu&é)aﬁorﬂ%ﬁféﬁb%hé?@the'ﬂe&ﬁ eCaRAAENt s have
| i ke reference nuner t%zﬂ’fgs ows_a satel]lite communpjcation,

situation wher 2 ?@aae‘ﬁ’mné’“ﬁ?t' anigpnah 42 A SR AT AREMT! 0% hub
antenna 2 via abe;aat\atiﬂw|tnaecaﬂ.1$esﬂ(mg@m1amﬂerflaaeceamthtaelmmntvsaielhtes harid £Ahs es

negligible int e H\@ Eﬁnﬁ%%%d%?ttﬁé t'érr;o?esagte dh%vita-q desg&gph shows

t he signal 10 récelv e renote an esire
frequency catri E?QUB'I'CYPH’é'e’FRﬁH‘edWPéWﬁ%{‘aZ? Wgr?bthatpei’kﬁéﬂﬁéa'weé@ the curve 10.
Figure | b shows a smaller antenna 7 that has a beam 8 of a wider beam

wi dt h. . The beaﬁngge%!Fhov?sxggrrnialﬁpgﬁten 'F{;)ateha%nc ea 9”} gwde Be %dv!v?t(ﬁent
satellites 3 and™5. I'S TS shown I \m'n € I'N erence is
shown as 9. 10 Figykpem Qv,vlilsqun%@tegarﬁ@:esfrm Bré#toaﬁﬁeﬁ:niaamlhtqs 3pingd@re 1b. The

received interfig¢ @BEEIn it grph whadBhaAbteidteda® Gophs ©f Figure 1b. After
spr eadi ng, We desired signal transmtted is 11 on Gaph 1. At the
a

receiver, er dispreading, the desired signal will be de-spread fromthe
spread signal 1Higwé 1Gr ¢hphrs ithe sambesntiderl 8ntgpreadsskigimal1b10Tod regeiagth 2; whil e

the interferencgegb@nal o W ik sQﬁneSé@rlﬁfi}‘?e fa fh@ure% SR? afreadidf dhe 9 of
Graph 1 to the g%rescéiqq%l%al. (} ‘rf‘) resent nventlon i nks
renote stati ons%GF® proitte (ﬁﬂﬂﬁ’"a@ RS tAt\P'éqrﬁ S¥rald erdé?ﬂeéﬂ'ﬁ%t“feo t he hub
station 2 that tmsedsi¢ral gl berdecpread friinche epreddesigtaht 1 ofiGrapr 1 t@Betder mi nal s 1
may be nobi|e, épfreagesﬁg'néi% d?'Grégf?\CEJWhﬁ'éjtheTrl?&femﬁpe Siby bvﬁrbe%pFHanfr‘SHliH y uses a

simlar set-up as renote termn main differences in the
equi pnent nay b'é"?ﬂﬁeaf'ﬁ@“%lr?t"éﬁf?éhélt%@e SFP%%%' Ve G3phe: i ntermedi ate

frequency, and the addition of any required routing capability to suit the
networ k topol OO¥he present invention links remote stations or terminals 1 with a relatively small
antenna to the hub station 2 that has a large antenna. The remote stations or
20  terminals 1 may be mobile, if desired or required. The hub station 2 preferably
uses a similar set-up as the remote terminals 1. The main differences in the
equipment may be in the antenna size, transceiver type, intermediate. frequency,
and the addition of any required routing capability fo suit the network topology
used.
25
Figure 2 shows the station block diagram of the remote station. An antenna 200,
such as the antenna 7 of Figures 1c, receives desired signals 11 and interference
9 as shown in Graph 1 in C-band. Both signals 9 and 11 pass through a transmit
reject fitter 201 and a low noise block 202 that process the C-band signal to L-
30 band. The L-band signal 203 is then processed by a modem 204. The
transmission L-band signal 206 is sent to block up converter 205 by modem 204.
The block up converter 205 includes an up converter 207. The C-band signal is
then amplified in ampilifier 208 and transmitted by antenna 200.

35 Modem 204 is preferably an L-Band modem with Direct Sequence Spread
Spectrum {DSSS) accessing or Freguency Hopping Spread Spectrum (FHSS),
equipped with Turbo Coding (TPC} and Forward Error Correction (FEC) technique.



used. 25 Figure 2 shows the station block diagramof the renote station. An
antenna 200, such as the antenna 7 of Figures 1c, receives desired signals
|land interference 9 as shown in Gaph 1 in Cband. Both signals 9 and 11
pass through a transmt reject filter 201 and a | ow noi se bl ock 202 that
process the C-band signal to L 30 band. The L-band signal 203 is then
processed by a nodem 204. The transni ssfon L-band signal 206 is sent to

bl ock up converter 205 by nodem 204. The bl ock up converter 205 includes
an up converter 207. The C-band signal is then anmplified in anplifier 208
and transmtted by antenna 200. 35 Mbodem 204 is preferably an L-Band nodem
with Direct SeqlidhEe’ Sismsder magrae 204, pgkpisgm. Jbhe daasierg20srreqaiveg digitdy  Hoppi ng
Spr ead Spec'z r urgd(atEHﬁ%ysicaemwgp@e(dow trhe JigiﬁdD%té:&rC]Hrdit@ssgamﬁ@ngﬁﬂg?rlﬁellkéﬂlgrd Error
Correction (FE i Figure shows. t he nodem 204 bl.oc i agram
The. nodem 204 2% 98845 pdt s R Styfee BBt RGPt 2Ee B fr e

di gi tal dataSi s thsranplicsierdaml avsilableoreseumasofgregxamglo2the Tate Wat bavedieee at any
rat_eI agfi be acceérdlf%Fh@ wbn&{eot ﬂﬁhatadﬁd}%@hﬂpl@iédgaﬁdhﬁlaﬁlap%rbtfﬁaatt' on agflp
avai |l abl e resources. r_exanple, the 1aVv n _sen roman
phone. The dataaﬁ%@gaﬁeeé)ﬁtﬁﬂaﬁ%?@?ﬁdmgﬂ&q%@ %éfrd‘?ﬁﬁa&ﬁeﬁ"ﬁj@?%ﬁ%{wg"eﬂata rate
of 64kps via an3fdm phés BadetaPireatly &r fom@el erfbh eorrectimoencoder B, beproce392 can

pass the data difecfid by 67 kMR Fotsdol Rinskli GHUdIRY SAE PEhaBRpef@E ProCESS
the data by, for exaﬁldgatgrot ocol translation or adding extra I nformation,

before 10 plAssPi§ng thesnede" coder 303. The output of the encoder
303 is then spread by a spread spectrum nodul at or 305, which may be, for

exanpl e, a DSSSypL 0@[}?‘3{ tg%)g'%égetr W¥3is R&Bfsﬁ%%&(;ﬁyfa:l@[r&%%péﬁ%h%o%ulaﬁgémb €

sel ected for the no accor mg: ors such ‘as, exanpl e,
15 t he avai | abl ®highMenRe. f5psample pRISTHr &HSS mepdpiaton, Diffeensepreadiiadiers The
spread factor saEybdslesrddattBamdamasrdionGeadiig® fadtdrovaddl £, RV exdiprds in the
system The,spr : . I g 0 tn.999. .ILn a typical
applicati on,l§a @%%é%{%ag gjg{mé:b% g(,%,lég \\'Aé/'elgebrllé Q%d@ﬁ%gmrrrgé%/%ﬁ' u@gdc‘.%'%ﬁ? La’lptgf ably, a
spread factor ofaghe Wtegéteg@*@mg on the allowable overheads in the system. The spread

factor may be in the range from 1 to 999. In a typical application, a spread factor
between 10 to 50 may be used. Preferably, a spread factor of 31 may be used.
The data that has been spread will then pass to the Digital-to-Analog Converter

20  (“DACT) 306, and the analog signal output from DAC 306 will pass through a low
pass filter 307. The filtered analog signal output from filter 307 will then modulated
by a modulator 308.

The data from modulator 305 needs to be converted to analog by DAC 306

25  because the modulator 308 may be an analog signal modulator. If a digital
modulator is used in place of analog modulator 305, the output of modulator 305
may be connect directly to the modulator 308.

Any modulation scheme can be used in the modulators depending on the
30 requirements such as, for example, available bandwidth, spread factor required,
interference level, and so forth. The modulators may be selected according to the
modulation schemes needed. Preferably, a modulator of capable BPSK and
QPSK modulation is selected. More preferably, the modulation scheme selected is
QPSK.
35



The data that has been spread will then pass to the Digital-to-Anal og
Converter 20 ("DAC') 306, and the anal og signal output from DAC 306 w ||
pass through a low pass filter 307. The filtered anal og signal output from
filter 307 will then nodulated by a nodul ator 308. The data from nodul at or
305 needs to be converted to anal og by DAC 306 25 because the nodul at or
308 may be an anal og signal nodulator. 1f a digital nodulator is used in
pl ace of anal og nodul at or 305, the output of nodul ator 305 nay be connect

directly to the Tﬂ@ﬁﬂgrﬁgﬂétﬁ ﬁgguené?MF)'HPﬂinU |n%ht%n%%hﬁ%y%@%f9@ fﬁéﬁ@éﬁcﬂ' n the

nodul at or s dependl g % rements such as, for éx gfp

avai | abl e bandwiFéR b'%ﬁrfféa‘ff"?ya'&"@r PR&RTi9PR & 1900 Mtz 1F pesh ore RIGTBIEBY and so
forth. The nodultaifeksempis tbvesebsact edsoamieor ding to the nodul ati on schenes
needed. Preferably, a nodul ator of capable BPSK and QPSK nodul ation is

sel ected. More preferabl the nodul ation schene selected is QPSK 35 7
The | nt er medPat JhFF’QEﬁJ&w%V‘ fanesriegflo theederibrdiransmissions frepmancymag amelified  any
frequenc]y Elr efb@wbéwupacoh\veetmw ar@z; rmﬁégraﬂ@efr@i;er%@ rﬁa@béag&i g is Iused
nore preferably ignal is
t hen converted t%'e‘?'ﬁ%o“g ef"lée(ﬁ'&%o;noé%[)é\@ﬁg’ﬁ q%P%P& 'étr?gfpﬁlvg!zoﬁr{%qui'rw@ﬁ by a
bock up convert @nd 2¢Halfility gluequipient 202f £&F amt 204 The degired demmninfigpuérey used. The

sel ection of | Fcéﬁve%ﬁrwme%%e%r 206 GeMédnkié onbﬁae%ﬂ%@ﬁiﬁ% bARd, XARahE L1 on
requi r ement

ava 07 .and 204. The desired
P T dtaokag Snd S Koy HeBaT frubtenis 5% THE QAU ervetss
appl i cati on (C BémavhicKis ih&deind, & &0 tdothe dntermmrad08 and sridahgmittdar TErﬁeearmhg{ C- band

frequency is usegy cdfe Qpérf}%zeoéndc&&gs& ﬁ pendfp on MY %hdaﬁoﬂ Meld, is fed

to the antenna 200 and is transmt e ant’enna 0 can be'o any si ze
and category, d8FURE IKGORIY-he application, need, and available
technol ogy. 15 The receiving hub antenna 2 picks up the transmtted signal.

The hub ant e?ﬂ?;l’ﬁeﬁgé@i%n&ﬁu@éntéﬂ)ﬁ 255ikE up HRPENNALa Wndi MheRBlhfRd 2N design
d may be of any size, depending on the application, design and other requirements.

Preferably, the hub antenna 2 is a 32m antenna. As disclosed above, the
equipment used with hub antenna 2 may be similar to, or different from, the
equipment used with the remote terminals 1. Preferably, the network is a Star

20  network and thus the hub terminal 2 will do the processing and routing of the data
to all remote terminals 1.

Referring to Figure 4, it shows the equipment of hub antenna 2 of Figure 1c. The
received signal is received by the receiving antenna 400, filtered by the transmit

25 rejet;t filter 401, ampiified and down converted to second Intermediate Frequency
403 by a low noise block converter 402, and then received by the modem 406. The
frequency selection of the IF frequencies 403 & 405 depends on the equipment
402, 407 and 408, and on application requirement. The signal received at antenna
400 is the frequency corresponding to the transmitted signal, like C-Band, Ku-

30 Band, S-Band or otherwise, preferably a standard C-band satellite downlink
frequency. The modem used 4086 is the matching modem to the modem 204 used
at the remote terminal 1. For example, a DSSS or FHSS modem may be used.

Figure 5 is a block diagram of the modem 406 of the hub station 2. The down
35  converted signal from low noise block converter 402 (Figure 4) is received by the
receiver 610 and then converted to digital by an analog-to-digital converter. 611,
and send to a demodulator 613, preferably, a DSSS or FHSS demodulator, which



Preferably, the hub antenna 2 is a 32m antenna. As discl osed above, the
equi pnent used with hub antenna 2 nay be simlar to, or different from the
equi pnent used with the renote termnals 1. Preferably, the network is a
Star 20 network and thus the hub terminal 2 will do the processing and
routing of the data to all renote termnals 1. Referring to Figure 4, it
shows the equi pnent of hub antenna 2 of Bigure 1c. The received signal is
recei ved by the receiving antenna 400, filtered by the transmt 25 reject

filter 401, anpli ki : . j equency
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denodul ator 613, preferably, a DSSS or FHSS denodul ator, which 8 nust be
i dentical t&°the nodul ati ng techniques used in renote station, for exanple
nodul at e and defmel@lobdl €osittining SSSH 615 trel TG nOEtirt aF rebdivk: GP$ tigrd@meul at e t he

signal and un-s ; >f or Ssi N f or
correction decg@g?ﬂ%ir%,ereﬂﬁe ?ﬁ%@ Iog:%t%g’ %Ldr]ﬁglh%(g%ﬁrﬁég gﬁgchgé\_gﬁ‘.g qelnﬁc{et decoded
data is then 5 &R dpe bigh fabilly elpck 616 Ard 16 Quitpubie Sfeditp thefrepetvire10 grdbcessi ng,
such as, for examplamodplaot €08aInd B3OS B cBiviensr 402 Xdrmas b diBloth g &%ldr@r cont r ol

dat a added } I 302 of the transmt station 1, or otherw se
as requi red?yTEbe&‘{)fgrtr%ﬁﬁg(t)%Hnﬁlgm cro controller 602 is then passed to the

user via the physical interface 601, which may be an RJ45 10BaseT
interface. 10 The Beacon signal of the system is received, down converted in the same manner

as the normal signal, and further processed by the beacon receive modules 612,
312 for antenna pointing purpose. With this beacon, the antenna 400 is able to be

20 . accurately pointed at the correct satellite 4 at Figure 1¢, and for verification to take
place.

Communication from hub station 2 to the remote terminal 1 is the same procedure
as from the remote terminals 1 to the hub station 2 and thus a signal received at

25 remote terminal 1 is processed in the same manner as the signal received as hub
station 2; and signals transmitted by hub station 2 are processed in the same
manner as those fransmitted by remote terminat 1.

Figure 6 shows that by varying 501, 502 and 503 using different combination as

30 shown in Combination a,b ard c in Figure 7 and Combination aandb in Figure 8,
another version of the system can be applied fo any digital communication systems
and any network topology.

In Figure 6, antenna 500 can be a transmit only, receive only, transmit and receive

35  or otherwise, depending on the application requirement. If antenna 500 is for
transmit only, down converter 502 would not be required. If Antenna 500 is for
receive only, up converter 503 would not be required for the system.



The d obal Positioning System 615 and 315 is required to receive GPS
signals, for providing the renote termnal |ocation, and timng for the
both hub and renote termnals. The high stability clock 616 and 316 out put
is fed to the receiver 610 and 310, 1/Q nodul ator 608 and 308, up
converter 407 for hub 2, or block up converter 15 205 for renote term nals
1. The Beacon.signal of the systemis reteived, down converted in the sane
manner as the normal signal, and further processed by the beacon receive
nodul es 612, 312 for antenna pointing purpose. Wth this beacon, the

antenna 400 is able to be 20 accurately pointed at the correct satellite 4
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in Conbi nation ¥, CholH r%? %p?“déﬂ.? é’??ﬂmtﬂgrﬁ?ﬂﬁ‘%‘ﬁ 2 dowal Figuei®qure 8,
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Connector 501 tran sm ect ter an ore nmay be able
to isolate thecanvehBii Pt‘&?"gilagﬁeffguﬁn'ﬂc)t%és?@&éﬂ‘f’é@"@l'f@hﬁ-lm)Rﬂ‘é@nnect or
501 may al so hsasg dwnTehieabas obtlallnasl @y Téqeeﬁcyadnsm“lw%rémaﬁqﬂebmmw tched to
transmt or,rec 'ﬁ%g ionally or alternatively, own converter 502
may be in acﬁgorﬁzig)r({@rézo\?\? %58 , (b) or (c) of Figure 7, depending on the
incom ng frequency RF2 down in Figure 6.

Up converter 503 may be in accordance with (a) or (b) of Figure 8, depending on
the desired signal output RF2 up in Figure 6, RF2 up may be C-Band, Ku-Band, S-
Band, or otherwise. Up converter 503 will convert the signal according to the
20  application requirements. For example, in Figure 8(a}, two mixers are used to up
convert a low frequency, such as, for example, 70MHz, 140MHMz or otherwise, to a
desired signal output. Figure 8(b), which uses BUC 503 to up convert an L-Band

signal to a desired signal output.

25  The invention is applicable to any digital communication systems and any network
topology. The set-up of the terminals in the network may be identical or different,
depending on the topology used and application requirements.

The mobile commun.ication system is designed to provide portability to users, while

30  maintaining efficient terminal operation. The techniques described enable the
mobile communication system to be implemented using relatively small, and
preferably relatively portable, remote antennas.

The present invention also provides a computer usable medium comprising a

35  computer program code that is configured to cause at least one processor to
execute one or more functions to enable an apparatus to perform the method
described above. ' '



RF2 may be C-Band, Ku-Band, S-Band or ot herw se. Down converter 502
converts the signal according to the application requirenents wth the
signal output being 10 indicated as IF down in Figure 6. |IF down may be

L- Band, 70Mhz or otherw se. For exanple, Figure 7(a) uses a | ow noise

bl ock (LNB) to convert RF2 to L-Band; Figure 7(b) uses a | ow noi se
amplifier (LNA) with a 1-stage down conv&rter to convert RF2 to L-Band;
and Figure 7(c) uses a low noise anplifier (LNA) with a 2- stage down
converter to obtain a | ower frequency, such as, for exanmple, 70MHz, 15
140MHz or otherw se, Up converter 503 may be in accordance wth (a) or (b)
of Figure 8, dePBIRYINAE "G PegnresHibey indee fe%gﬂaq desGtRYER PrRIETeY TP ur e 6,
RF2 up may be GsffianmlesekiiniBatieh, it GH bBanderstond tytifnae wkilse.in b tacbmilwyttest 503 wi | |
convert the sigpg, %?ii’ng'op%ohiﬁcatﬁ&% 7 UeRRP b Gl bRl SIFGeratiof ©"
exanmpl e, in Figur a), two mxers are used t0 up convert ow
frequency, suchmasbe mee vithayhgprartingdomhe araemHAvedHoet herwi se, to a desired
signal output. Figure 8(b), which uses BUC 503 to up convert an L-Band
signal to a desired signal output. 25 The invention is applicable to any

di gital communication systens and any network topology. The set-up of the
termnals in the network may be identical or different, depending on the

t opol ogy used and application requirenents. The nobile comruni cati on system
is designed to provide portability to users, while 30 maintaining
efficient term nal operation. The techni ques descri bed enable the nobile
communi cation systemto be inplenented using relatively small, and
preferably relatively portable, renote antennas. The present invention al so
provi des a conputer usable nedium conprising a 35 conputer program code
that is configured to cause at | east one processor to -execute one or nore
functions to enable an apparatus to performthe nethod described above. 10
Wi | st there has been described in the foregoing description preferred
enbodi nent  of the present invention, it will be understood by those
skilled in the technology that many variations or nodifications in details
of design, construction and operation :

&



5 may be made without departing fromthe present invention. 11 The clains
1. Adigital conmunication systemfor comrunication between a first
termnal and a second termnal, the first term nal conprising a spread
spectrum 5 nodul ator for spreading a transmtted signal, the transmtted
signal being spread by a spread factor. 2. A systemas claimed in claiml1,
wherein the spread factor is inthe rangd 1 to 999. 10 3. A system as
claimed in claiml or claim?2, wherein the spread factor is in the range
10 to 50. 4. A Tﬁ;&gﬂgas claimed in any one of clainms 1 to 3, wherein the
spread factor 1. 5. Asystemas clained in any one of clains 1 to
4, wherein the spread spectrum nodulator is selected fromthe group

ﬁonS! sting of ddil.rzgctAd@?ﬂumag@a{aﬁre@dte&n&cakomhm@ut |b@{v\@|ém aa@gei_fnﬁmuency f
oppi ng sprea spectrum ulator._.6. A.systemas clai in any one o
clains 1 to 5, wher eTI’)'“r‘nj ?ﬁ%coggg%'ﬁ'ﬁ'aﬁ ?@rﬁtntﬁﬁm’%%ﬁﬁwrésg’g e "irEﬁDd’CE ctrum
denodul ator.525 7. Amequisterferapregting adwnsmitter signal, @he wdnemitied sipied beipg ead
spect rum denmodul at or gpreddby 2&hieed fidicf. r oM t he group consisting of. a direct
sequence spread spectrum denodul ator, and frequency hoppi ng spread
spectrum denodulator. 30 8. A systemas clained in claim5, wherein the
di rect sequence2.spr edystedy st daimepdetainu m whedkin the epreddfiacisr iparthe @hgeat f i r st
termnal nmodem 9. A gystemas clainmed in claim8, wherein the first

term nal nodem al so conprises at |east one of: an interface, a

m croproces&br, a forward error 35 correction encoder, a further

nmodul ator, an uf CONAeystedi as daithko @kelamp 1 &€ @AINER tvlfereinthe sprRad mMalot kiier .

the range 10 to 50.

4, A system as claimed in any one of claims 1 to 3, wherein the spread factor
15 is 31.
5. A system as claimed in any one of claims 1 to 4, wherein the spread

spectrum modulator is selected from the group consisting of direct
sequence spread specirum modulator, and frequency hopping spread
20 . - spectrum modulator.

6. A system as claimed in any one of claims 1 to 5, wherein the second

terminal comprises a spread spectrum demodulater.

25 7. A system as claimed in claim 6, wherein the spread spectrum demodulator.
is selected from the group consisting of: a direct sequence spread
specttum demodulator, and frequency hopping spread spectrum
demodulator.

30 8. A system as claimed in claim 5, wherein the direct sequence spread
system spectrum modulator forms part of a first terminal modem.

9. A system as claimed in claim 8, wherein the first terminal modem aiso

comprises at least one of. an interface, a microprocessor, a forward error

5 correction encoder, a further moduiator, an up converter, a block up
converter, and an amplifier.



12 10. A systemas clained in claim7, wherein the direct sequence spread
spectrum denodul ator forns part of a second termnal nodem 11. A system as
claimed in claim210, wherein the second term nal nodem 5 further conprises
at |least one of: a block converter, a down converter, a mcrocontroller,
and an interface. 12. A systemas clainmed in claim8, wherein the first
terminal nodemis part of a first ternm®al processing equi pnment, the first
term nal processing 10 equipnent further conprising at |east one of: a

transmt reject filtar sysér’r’ QQ’VcIQﬁHeEQn Q:‘a%kf vahHeﬁrr theadlrla!:to uéh%e%‘ﬂ@é@r ter, an

up converter, and an a I er Stem as aimed I1n claim 10 or
claim 11, wherein thép%rlgﬁ’ﬁﬁﬁn?@famrf?ﬁps P?ﬁ%ﬂéﬁ??%dﬁ?&?"‘ﬂ‘a‘d‘?“&msecond t er mi nal
processing equi pnent, the second 15 termi nal processing equi pnment further
gt o TSt Asl aohbd S A hfElen’ bk &hana TRl g T or - 2
m crocontroller. i

wherein the first tefqﬁ‘ﬁaﬁompr@salf leastone of: @rbﬁqiizfpn@ﬁﬁ, IewR seyadert @rmi nal s
a hub termnal. 20 1micrdsoRdiérOshdfsalintériage r eduction of noise relative to a
signal, the nethod including the steps: (a) at a first termnal,
generating a signal to be transmtted; (b) at the first term nal nodul ating
the signal to sp?eadAtsheiersiagniaimed in cldd 8f wheneimthe frsétecmisal gredem et of c) t he

first terminal transgi fiti RmiiiepRoisnd Sluphithe 18- st RHAOfropofRh al med i n
cl ai m 15, wherelnthe termnal, the

r ea IS
second ternihal usin§? Frg‘ﬁmﬁ'gf"m’”st”@ a&?a§tpﬂ“88lea t?ﬁs'f“ﬁﬁajegb{'jtéé@ Iy gnal and
any received signal nm&lﬂockiilfer, alovk iuh ochverter, danhup comditer, amhancdmptitarse rel ati ve
to a signal, the nethod including the steps: (a) a second term nal

receiving a spread signal; 35 (b) the second term nal using a denodul ator
to de- spr ead t hé3 spr éémstem as claimed in claim 10 or claim 11, wherein the second terminal

modem is part of a second terminal processing equipment, the second
15 terminal processing equipment further comprising at least one of. a
transmit reject filter, a block converter, a microcontroller.

14. A system as claimed in any oné of claims 1 to 13, wherein the first terminal
.is a remote terminal and the second terminal is a hub terminal.

20
15. A method for the reduction of noise relative tc a signal, the method -
including the steps:
(a) at a first terminal, generating a signal to be transmitted;
(b) at the first terminal moduiating the signal to spread the signal to
- 25 .form a spread signal; and
(c) - the first terminaf transmitting the spread signal.
16.. A method as claimed in claim 15, wherein the spread signal is received by
a second f{erminal, the second terminal using a demodulator to de-spread
' 30 the spread signal and any received signal noise.
17. A method for the reduction” of noise relative {o a signal, the method
including the steps:
{a) a second terminal receiving a spread signal,
35 (b} the second terminal using a demodulator to de-spread the spread

s'ignal and any received signal noise to form the signal and to

reduce the received signal noise.



signal and any received signal noise to formthe signal and to reduce the
received signal noise. 13 18. A nethod as clained in claim17, wherein the
spread signal is. transmtted by a first termnal, the first term nal

nodul ating a transmtted signal to spread the transmtted signal to form
the spread signal prior to transmtting 5 the spread signal. 19. A nethod
as clainmed in any one of clains 15, 16 alid 18, wherein the first terminal
conprises a spread spectrum nodul ator for spreading the transmtted
signal, the transmtted signal being spread by a spread factor. 10 20. A
method as clained in claim19, wherein the spread factor is in the range 1
to 999. 21. A md¥hod é‘se“tqdzﬁsrﬂ?d“‘?drlnélﬁﬁﬂﬁ w@efer’ g sprefds@nalimEansmiftet he spread
factor is 15 in thebyangs ténitan the firs? Zermifalnbditdings €dramiied sighalasy one of
claims 19 to 21, whe

clainmed in claim19, E%&r%@ﬁa@ﬁfﬁﬁ%ngl gﬁérmetg §pr§ r%%% @%r to'ﬁra:ﬁgr%@ggect ed
fromthe grobup consi ¥eisHg2dfignah direct sequence spread spect rum nodul at or,
and a frequency hoppi ng spread spectrum nmodul ator 24 A nmet hod as cl ai ned
in any one of cI ins,16 erein th gcofl nal rises a
spr ead spectrum%Ilerméu'f"?‘jrk1 dlaérge 'E\EH%?'F?OECE Iar%’&' {8 WE%"&PFHG?'&S wher ei n
t he spread spectrum ted“eln@idmrmﬂeqes ias spredde spastiurhr oasulder fprosppeadioasthet i ng of .,
a direct sequence swéreﬁfmea@@ﬁérrtmrﬂeméwéﬁrafpsemgagyéeaa bl L&EMENEY0NOPPI NY
spread spectrum 30 denodul ator. 26. A method as clainmed in any one of
clains 19 t 022 wherein the direct sequence spread system spectrum

nodul at or for m;2(par t Aofetted fak cleitmetiar clzimal®, whrapelethe sBtead factor is in the range

1to 999.
21. A method as claimed in claim 19 or claim 20, wherein the spread factor is
15 in the range 10 to 50.
22, A method as claimed in any one of claims 19 to 21, wherein the spread
factor is 31.
20 23 A method as claimed in claim 19, wherein the spread spectrum modulator

is selected from the group consisting of: a direct sequence spread
spectrum modulator, and a frequency hopping spread spectrum moduiator.

24, A method as claimed in any one of claims 16 to 23, wherein the second
.25 - terminal comprises a spread specirum demodulation.
25, A method as claimed in claim 24, wherein the spread spectrum

demodulator is selecied from the group censisting of. a direct sequence
spread spectrum demodulator, and a frequency hopping spread spectrum
30 demodulator.

26, A method as claimed in any one of claims 19 to 22, wherein the direct
sequence spread system spectrum modulator forms part of a first terminal
modem.

35

27. A method as claimed in claim 26, wherein the first terminal modem also

comprises at least one of: an interface, a microprocessor, a forward error



27. A nmethod as clainmed in claim26, wherein the first term nal nodem al so
conprises at |east one of. an interface, a mcroprocessor, a forward error
14 correction encoder, a further nodulator, an up converter, a block up
converter, and an anplifier. 28. A nethod as clained in claim24, wherein
the spread spectrum 5 denodul ator forns part of a second term nal nodem
29. A nethod as clainmed in claim28, whelein the second term nal nodem
further conprises at |east one of: a block converter, a down converter, a
m crocontroller, andc@ciidi 8fcbdrea f&@ne?%odﬁiaf&?tgp% %n@ﬂ@t‘ gk uf! @i m 26
or claim 27, wherein the first termnal  nmodemis part of a first termna
processor. 31. A met RYYSHEL 20030 ARANTER ¢l ai m 28 or claim 29, wherein the
second termnal 15 nodemis part of a second term nal processor. 32. A
method as clai ”?51 in ABh¥%tnB4 € sOfc!aflee%' rF)B ci]aﬁn a’ﬂld v}rﬁaréu? tﬁg‘ s M;.-'Er %@tﬂi first
ternminal is a rerote termnal a second’'term g erm na
20 33. Conpuier usabﬁ%“%¥8$hﬁmﬂ%ﬁ%ﬁ¢§ﬁﬁ@mékﬁﬁﬂﬁﬂﬁﬁﬁmprogran1code that is
configured to cause at | east one processor to execute one or nore

functions to engble a erf m,t he t hod one of
claims 15 to 32%)25 R é?‘rﬁ’é% (t.lalmeé alm , wherein tﬁg second(%ermma}/modem

further comprises at least one of: a block converter, a down converter, a
microcontroller, and an interface.

10

30. A method as claimed in ciaim 26 or claim 27, wherein the first terminal
modem is part of a first terminal processor.

31. A method as claimed in claim 28 or claim 29, wherein the second ferminal

15 modem is part of a second terminal processor.

32. A method as claimed in any one of claims 16 and 18 to 31, wherein the
first terminal is a remote terminal and the second terminal is a hub
terminal.

20
33.  Computer usable medium comprising a computer program code that is

configured to cause at least one processor to execute ohe or more
functions to enable an apparatus to perform the method of any one of
claims 15 to 32.

25



