Di gi tal Communication System and Method Fiel d of the Invention The present
invention relates to a digital comunication system and nethod that sends
and receives data to and fromstations in a satellite conmunication system
digital radio and cellular tel ephony and refers particularly, though not
exclusively, to such a systemand nethod that enables the use of
relatively small renpote antennas. 10 Background to the Invention In a

di gi tal conmunication system the m ninum useabl e antenna size normally
depends on the antenna' Sigitebeemuunicatiopnsyistennantl Methed ve gain, required
receive carrier-to-noise ("C/N') level, transmt and recei ve beam w dt h,
and t he mamgulﬁn fﬂ]ﬁll El RP fl ux denS| ty signal energy for off-axis

ant enna pattefid K P8P  antenna has advantages of a better antenna
gain, smaller beamw dth and | ess antenna noise, conpared to a smaller

antenna, 47 #d pr@eﬂ?%vm&@%ﬁé’sﬁﬁ a !Ebn%rﬂﬁnca%”%steﬁ%{@\ﬁ?‘eﬁhod%ﬁ' g antenna

i s expensive, I's not conveni ent fé transport ab smal | er antenna
al | ows port a‘[’ﬁ”F’? "E"}F’ regRies 9@ tp gRkion P%‘ﬁl“’taéﬁ?'we&ﬂ'am}“a@?” PEES ve gain,
conpar ed to dygilabiagie and@tdlielanalephdngesd refeeCixirticalaghaitivugrayot eendivelp, ta poor

quality 1inkg, M| Q&L thaNRdhdd 9%* %n%sethgﬁﬁéér§: %z{t&éfﬂ%ﬁ?ﬁﬁt GholguSt i ncrease

its transmit® power”to conpensate ransmt gai n.
By increasi n‘@i‘tqnﬂéstransm ssion power, the transmtter my exceed the
defined B RP flux density signal energy requirenents for off-axis antenna
patterns. ItBanﬁﬁfo%I{lggo{hgtlr odpgne interference to adjacent receivers of the

ventl
same or differe comuni cation systems, and nay even introduce a

health hazard. A smaller antenna al so has a w der beam wi dt h, whi ch makes

it nore susmp&. i @oﬁuﬁuﬁlcﬂil@{ fsﬁﬁé?rnc’cﬁe Hrﬂﬁ@trﬁ%&ééblénﬁtéiﬁa%&btﬁrma-ﬁb" s further
reduces the ua |t | nvention I n one aspect

the present { E?\VP%%ée"#"%ﬂsg?’{Sé[l“ grfﬁfﬁﬁ‘i%c%\aﬂ'i dﬁq“é’%f%cﬁi"?or

15 carrler—to ncnse “C/IN"} level, transmit and receive beam width, and the maximum
allowed EIRP flux density signal energy for off-axis antenna patterns. 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 fransportable.

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 link. A lower fransmit gain may
mean the transmitter must increase its transmit 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. It may also introduce interference to adjacent receivers of the
same or different types of communication systems, and may even introcduce a
health hazard. A smaller antenna also has a wider beam width, which makes it
30  more susceptible to interference from surrounding units. This further reduces the

guality 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.



conmmruni cation between a first termnal and a second terminal, the first
termnal conprising a spread spectrum nodul ator for spreading a signal

the signal being spread by a spread factor. 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 direct sequence spread spectfium nodul ator or a frequency hoppi ng
speed spectrum nodul ator. The second term nal may have a spread spectrum
denodul ator, which can be a frequency hoppi ng spread spectrum nodul at or,

or a direct %ﬁgy&%efagars e A %ﬁ%ﬁ@ %%QHE@Fa‘B[i[ﬁ%@%Hreaidsfa&?&% fprably a

di rect sequence sprea ectrum nodul at or . rect sequence spread
spect rum demB¥urageoi0 el faof PR Prefesbly Peswrrsddatter iidlal ThotREsAd t he second
t ermi nal nodepackrur trivRitlae Mal v N@redt sdqeask spae spéctrum bdukoreprverter, a

down COﬂV?rt%ingﬁ?Lh%[’%%’e?& rctr&rﬁ’&%ﬁ&éti:r@” decoder, a mcrocontroller, and
e ditéec

an interface. equence spréad system spectrum nodul at or nmay
formpart of a first termnal nodem the first term nal nodem al so

conpri sing atrhé eashd RARINATmayitve ialipRial agsstru dEhREARLO WBRE @ER bd af Or var d
error correction encoder, a further nod up. converter, a block up

uepc ead d Fxloat C)rr rnct e C read’
converter, algUSA~YaRpPIEi EreadopPorfiln (Bl oPf AL B FERI S eSP BE part of a
first term napecteuiqdemedgiatot, Hait fis peferalihe @nilirest sequengrepread gpedirem conpri si ng
at | east 19neqQfoduftdr” ASAekt seQliched sfrbdd PEetruph dePWdulBRl B8y RhPpkt i | ter, a
bl ock up converter, an up converter, and an {ulfl er. heoai cond term nal
modem may e S5 S MRelgBerE R e SERTH AP IREh I SR PIERB R ot m nal
equi pnent f upehe a blockosangdrieg aatowh easterteme fafvard@rpr amention deegdecta filter, a
bl ock down cqf nG troller. The first termnal may be a renote
term nal and%ﬁ%{jﬂstg)@%rh%d{ggﬁ%&?\égﬁ may be a hub terminal. 30 In another
aspect of the invention, there is provided a nethod for the reduction of
noi se relati vee tieecBsauenralsprebth @yat@h Bpatirum chatdiatog malp dorst i@pisof 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 eguipment further comprising at least one of. a transmit reject filter, a low
noise block filter, a block up converter, an up converter, and an amplifier.

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

filter, a block down converter, a microcontroiler.

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 transmitted,
{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.



"(a) ‘at a first termnal, generating a signal to be transmitted; (b) at the
first termnal nodulating the signal to spread the signal to forma spread
signal; and (c) the first termnal transmtting the spread signal. The
spread signal nay be received by a second termi nal; the second term na
usi ng a denodul ator to de-spread the §pread signal and any received signal
noise. In a further aspect of the invéntion there is provided a nethod for
the reduction of 5 noise relative to a signal, the nethod including the

st eps a secoiitle tpread nighal meyetbeviengvedl Isypa eacbng itgmédal; tendedohe tsmdand t er m nal

using a dem@ahﬁaaémsdala goncgap{pgeagrtﬂegﬁreaeg. A asd gﬂ%@e&*ggﬁfn&s&ei ved signal

noi se to formthe signa educe the recer'ved sig noi se. The
spread signal nay be transmitted by a first termnal, the first term nal
nodul ati ng alirsa gMadr dspecs prriR@thvérdtien thekns piclitedla sieghaalforttite red@:tibobim t he spread

signal prior Lo (Lansmtiing, the r%&ﬁc%aﬁmﬁbiﬂg% st-gg§ a%a%%ﬁd“tenlnméle”“ on al so

provi des a conputer usabl e%vedi um conprising a conputéer program code that

i s confi gur eteciing guspeeadtsidnelagnd Higesesprskiegaing using seseseadvigtooe der nore

1;: unc; [ ?Esf to s@reaitoihe sfﬁ@a@ﬂi@lfdl Qﬁ(_!lﬁnylt RcddRidfynB Adie tBRIMakE sidgal RSN | bedda:ao%/e.
or bo or s e first term.nal_rmy c rise rea ect rum nodul at or

for spr eadi FuesBS megh sorpl By iR shref Hrer i ba W) S BEal S act or - 50

Bri ef Descri ferioal, e fitsh eerDinahvihoryiatingha eigd@rto spresd thiadransmitient $signal tvay be better

under st oggl a%ﬁ»ﬁas?iéab!sieh%t phdMtPr PRy @ spreabils@pl, there shall now be
described by way of non-limtative exanple only preferred enbodi nents of

the present invention, the description being with 25 reference to the
acconpanyi ngThe preséntdbventipndalawiprogides B aohipoter ufabjpumediba ¢canpising lal ustrat i on

and graph of tdYpdm I b an. \We I Qi i . Figure 1 b
is an illust F%ﬁﬁ |:)gmd g?g%%ﬁ%; %a%mg%dt?ee&nﬁgki@% %gﬁagingﬁgﬁeésﬁ%?f erence,
Figure 1c i s®HVEI9NGY rBre Svrcing tgeaphe 6P PRalA (e RREPTSY NELPSRAY of Figure
1b aft er 1usedesdfibedfabavepr ef erred aspect of the present invention;

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 illustrative drawings in which:
Figure 1a is an illustration and graph of an antenna situation with negligible
interference;
Figure 1b is an iltustration and graph of an antenna situation with interference;,
Figure 1cis 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 terminal;
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 2 is a block diagramof a preferred systemfor use in a renote
termnal; 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
5 is a block diagramof the nmodem of Figure 4, 35 Figure 6 is a bl ock
di agram of an alternative systemfor yse in arenote termnal; Figure 7 is
a bl ock diagramof three different forns of down converters for use in the
enbodi ment of Figure 6; and Figure 8 is a block diagram of two different
forns of up Egned beridodkaliagwseof two tdiflerentfbrod ofrmpndonadrtelsi fguuse 16 theDet ai | ed
Description gfptdifedtbaiigl&d Embodinents In communication systens, whether
it is satellite, digital radio or cellular (or a hybrid of two or nore of
them by using accessing techniques that require a | ower power density,
such as spr eBbédtafi@EDiégcriptii ofthe Reeigrtedl HitadiménttSS, and so forth), a snmaller
ant enna cgn be used. Despite using a snmaller antenna it is possible to 10
still the defined EIRP flux density signal energy requirenents for
of f-axi s antrepamnyigetiay sistemgnwhether insnsaieljteichisiel [adioeerf eldaic@®r awhet her it
i st f Ir Io mt t hte ﬁﬁﬁ't& olf ’fnbb{tﬁ midfe &glﬁﬁfﬁr}rﬁyfbalﬁb t@EbeSéﬁgt eBArcues tham?mdeea Iowert
satellite-to-sa iLte) or differen ation.s ens
(oatel |1 te. BV ORI Slbes Lsepapiimd Sty GEF sPsk;ne28 AT oue
nodul ati on sglswaies astaoia @9 befuged. eRReappié esindBPSKalleQP8EINa@(PBrssiritoso  fort h;

net wor k §9poLgh&s tellatkinad 1Ell=ilﬂﬁ‘lu>(32§@d'§w 8 %I@nerg%@&htrerh@r% ke MkissO forth;
comruni cati on S stens such as for exa

Ite, ital radio,
cel lular & sMeTGrelie™S AR F‘f“&&%ﬁ@?ceﬂgﬁtﬁ”‘%"u’%‘%‘? HEem‘?rd}r‘s g?(grlﬁ?l ¥MeL- band;
C-band, Ku- bfypeof cBmbanidation aystens Gorfeaarnble, saifitelte-satsiétd) or A0feridnetypeeafessi ng

techni ue_Toorhf Rl SRONENAR, SBEAARcSAGLY Uk (BASSlom. 7 equency Foppi ng

Spread Spectrum (FHSS), or ot herw se, and be use satellite
conmuni cati ons. By usi ng DSSS, after spreadl ng the signal wll have a
| ower power darivss trpduldiiod scheirels soeeds, foe gxdnailed BR SKeQRSK, GREKSandvdi | e

requiring veg, "énl:&?l‘("to%%éigé’ sthla RPIRSnHO sBF NS HibORfd dd Bkn,qual ity. The
| ow power transm Ssio
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, $-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 signais) 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 description, like components have like reference numerals.



shoul d introduce only a small anount 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 I evel, and thus cause (30 reduced influence on the received
link quality. This invention can be used with different network topol ogies
as long as the transmt and receive antenna sizes are suitable for the
required |inKigyealaishyws Fisatelliigrommunib@iodesiuatiopminere, the beeen € ohpdrent s have

l'ike refer en%ﬁteﬁ‘r%ﬁ&ﬁrﬁumdéhrgjf-’%iﬁl m SRONS 2@.@@%&&“.@&6 ARSARE NI z@td ON,
situati on where the beam

at i wi th hub
ant enna 2 vi &N ?ﬁf"btp"‘l’tC?‘éseﬁ"e%ﬁlp'@rlm%}eie”ﬁ%g’ ad]?fﬁa Eets Hggﬁ@auses
negl i gi bl e i ptaph fseoventte signbih!Cactceiesinty ﬂnatrerhbtetaetenﬁa andittbthe Tdeeiredgr aph shows

the si gnaF tlﬁfgahﬁﬁﬁ’ RVITo Qthé,g_%ba@%ﬂgg @%ﬁ%e&k ot d ﬂ_myehﬁ) desired frequency

carrier o ant enna e peak of t curve 10. Figure |Ib
shows a smaller antenna 7 that has a beam 8 of a wider beamw dth. The
beam 8 wil | mgp@ribadmeﬁs brhRNdrehenaee 7 fii:d Maaa dedrn sadljadentbesatvadithi t es 3 and

o This is %pg Wn |P&p9rﬁe%f3$ m%Fe%cé Frlgm &% Eﬁgc%quai%lﬁe Qm‘sas 9 10

Figure 1c shows 't ant enna recei ved
i nterferenceTQISiSsﬁhtDm'"éma@JsNhef?tbﬁé'tegfﬁ@p?ﬁ '@ﬁhqﬂ\i”gﬁsir*?e 1b. After spr eadi ng,
the desijped signal transrritted is 11 on Graph 1. At the receiver, after

di spreadi ng, _t he |re de-spread fromthe read si gnal
11751 o aph’ e hanve” he wiosndler grBind 8 FEIRoHS 5. MNP e he

i nt erf er enceingdrigreate Wll$ thebsamepase indthe raeapht di & igugm 1B pridiad sreaglingl @ of Graph 1
to the spr eages'v}rb%@#m %Aﬂsqf.ne@ﬁ@pho@erame Rfﬁé?él:(ewbr”!@?tdls%aéuhdﬂﬂ% renot e

stations or term na tenna to the hub station
o O SR N5t vl b e Ik Sttt B 9o s e D Stat
nobi | e. it degkadcsgral 1¢ efqGrapted. whllh ¢hehintbrigtredei signalwip be tpreadbirgm theses a

simlar set- Hpseréaot%ar@mrspht%@ﬂe%te%d%rgnJheofr@aaahQIfferences in the

equi prent may be 1 n antenna size, transceiver type, internediate
frequency, and the addition of any required routing capability to suit the
net wor k t opolrbgyresent 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 to 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 9 and interference
11 as shown in Graph 1 in C-band. Both signals 8 and 11 pass through a transmit
reject filter 201 and a low noise block 202 that process the C-band signal 1o 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 ampilified in amplifier 208 and transmitted by antenna 200.

35  Modem 204 is preferably an L-Band modem with Direct Sequence Spread
Spectrum (DSSS) accessing or Frequency 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
9 and interference 11 as shown in Gaph 1 in Cband. Both signhals 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 10 bang. The L-band signal 203 is then
processed by a nodem 204. The transm ssion 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 transm t 'F@Qrebé’sr%%%wﬁ&o&’é?ﬁzo& éo&@&iﬁ%ﬁr@%e' rRoderP3 @' @Bdies itk Band modem
with Direct Sequence Spread Spectr accessi n%p%r Fre uency Hoppi ng

Spread Spect F#fVEPRLE) '"teéfﬁ?ﬁ Bhed T F'H' afd?tﬁb“ REOEFTRY P c&WH’ ®orward Error
Correction (BECThE aath raarqueat oy Fatgun@bé&a@bmwg td bm; pmdem rdegéntliglamck di agr am

The nmodem Z%eaep ﬁeav&sa e rqu&f@es WSleCRle dablf BLf 366 bAQL' ) - The
2 W el KpleC i 1 il

digital data’i roces m Ccro con data can be at any
rate and be a@édwom Al S!Fb p&w pFist %élmavd%@h’ﬂ'P'ﬁéedoﬁ“%m?hé’Parﬁf?l flcati on and
avai | abl e r eggyisgs@sdatdRte & BMPENE anRIBS WB@eﬂ'&Vtehﬁh\éeﬂﬁﬁﬂiﬂro cs@mlierf rom an SI P

phone. The d may b ITLI|tl l.exe rate at e data rate
of 64kps vi agéﬁcaﬁf%’%s %6 dpa sk yit%{jw\"af a%"or cfrh%?%nl %anSgeégﬁgr Fo%@és 302 can
pass the dat thediately, ify Wmml@rrwdp@l E&Wdﬂlomgfrﬁ@ﬁmi%ﬁaéﬁ@m@ﬂ Befgre or process

the datafy, phling eeazRl 16 theRin@dd@ESds. transl ati on or adding extra information,
before 10 passing the data to the encoder 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 DESSoutwut FHSSenroderl3as 'lsrtheanrfe{a@bxemprsqﬂ%‘adﬂhamowesor 3an be

sel ected for gt BESP t HRrr exanpl e.
15 the avail ahP}gmgPPél fﬁr eQér\?\g(?Sa aval clsrqjl;i% %%#Lﬁd%ﬁeréﬂg&g??grth The

spread factofa" F’Fa?ﬁ'%?dg%rl tB%f'@ﬁ”"i‘fBrp@Efcﬁcﬁﬁd‘B?]t%fﬁ‘étorélsf‘ﬂ\/\%ﬁoIfcg 5¥BPlfreads in t he
system The spraeaithblefuplirtkqrowsngvdiebié baridegth, andeo faribm The spré&@TJactérn a t ypi cal

appl i cati on, m%y §Q£eef&gedfo%ﬁérﬂfng 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 ("DAC™ 306, and the analog signal output from DAC 306 will pass through a low

pass filter 307. The filtered analeg 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



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-Anal og Converter 20 ("DAC') 306, and the anal og signal out put
from DAC 306 will pass through a low pass filter 307. The filtered anal og
signal output fromfilter 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 because
t he nodul at or 308 may be an anal og signal nodulator. If a digital

nodul at or i s The mtkrinediggé Brequarty éiRalf thg nmoldiatiaits@gnal30dy, betdh anydtegpertcy.of nodul at or

305 may be w&sﬁya%aﬁwmtﬁ@mﬁ@eom@% HRMIBOR - usé ¥ndi® PrdfeRich,on schene

can be used in the nodul ators depending on the 30 requirenents such as,
for exanpl e, NaUVRAYEIRY & PENEENPRRA140VEEd factor required, interference
| evel, and so forth. The nodul ators may be sel ected accordi ng to the

mdul ati on Seheggs, AR S 1S RN Lo ALY Bl CABARNRAPSK and

QPSK nodu i on era schene

selected is bY;PSRCk up oGNVEREr a%t@ﬁlﬂfé@? d@'@e’ﬁ?téelb‘éh'@@ﬁ eS|y bgfuseheMPodul at i on
signal may beecladtioaByIFfieeaeN2ys or 286 ailicteadebyndentf dneppiatsh reduilelent ange of 900

1900 MHz f b b 950 1450
}\/IC-)|Z. 5 The s: @%gYaq%g"t¥ﬁ %quc?h}e?\?% 387 ancPEOJ aﬁs:érgsgrc trlraﬁ?{gﬁ \A@%Hcr’( fre;lcj)ency

and anpl i fi edonvirgion obthe lconmsrerciPP alepands 20 Hre(dpplipatian (2ybang) Hutkandn$- | F
frequenciigs BEMW, B 46561%h). PRRrahetarhd fehuehcy! isFuJeEieﬂ'léQJi]Fth AQdnveker206 Wi | | be

dependent on | i atl an val rrent 202,
207 and 204. %8’ E g}@ggﬁéﬁ?‘fnﬁf’f’“@t&m 353(?5?'@' %%C}B? a’(?:l dconverter
205 depends @00 tdrebepiénycade an (aBdoandsperdinpandhe &plicetibantedaad so forth).
Preferably. g,gggg]gtegﬁr%g,gfncy is used. The output of converter 205, which
isin CGband, is fed to'the antenna 200 and is transmtted. The antenna

200 can be of any size and category, depending on the application, need,
and avail$ abiree teeeiting haggnterba 2Tieksrupaied ransgnitted Bigaalt Emniaub2antenok @ up t he

transmtted ﬁia? B@lof anygﬁe,h%emfm gpplication, 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 reject filter 401, amplified 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 406, 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 406 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 408 of the hub station 2. The down
35  converted sighal 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 demedulator, which



may be of any size, depending on the application, design and other
requi renments. Preferably, the hub antenna 2 is a 32m antenna. As di scl osed
above, the equipnment used with hub antenna 2 may be simlar to, or
different from the equipnment used with the renote termnals 1.
Preferably, the network is a Star 'O network and thus the hub term nal 2
wll do the processing and routing of the data to all renote termnals 1.
Referring to Figure 4, it shows the equi pnment of hub antenna 2 of Figure
1c. The receuwses igangjceio the modaing esthiiguet hieed ie camate stgticantoeenaanp00, filtered

by the transgdy, e ah@h@rﬁ&dufa‘té E&E? |ﬁ‘§§s Tﬂ%éﬁmédu‘?‘a@hr%ﬁ‘@' Wi QMMGRAY Bt €d T O

second I nternedi ate Frequency | ow nol se bl ock converter 402, and
then recei vedi9p3 aAdneBgar Mhes e bﬁ%e pﬁfsﬁ'éadetﬂé?e é‘é‘f”@étei”ﬁhc%fe‘;?%e | F

frequenci es 46addé& @5 wiiep eng eontirdvecodnyideomat. Thé0Rcodd0 Gatnid tHEHG: and on
application I Y L ant enna LS the
frequencygcoﬁrrg%géﬁ%ﬁgg mlcr? -(!);Qr?ﬁﬁér'%grb gr{g{ﬁ%ﬁ r?ﬁ!rcij%s‘i”leg‘st]nz;SEI’ Ia&Cl(?' %éfOé%%Qmﬂaé Ku 30 Band,
S-Band or ot ﬁ@ﬁw'é@ns@tpéf%‘ﬁfa%'ﬂgm %V@W@kﬁa@qﬂaﬁ@bwt@ qontrdletdn| i nk

frquency Tie theoeg R Sdiod 06 dr%tﬁémSmb%qmgdmﬁeemw bmmermud@mb204 uzed
at the renote may be used.

B gure 5 1s SRR ORl i edisn ¥ AR el S s vReR PSR 25 The. down
35 convert edbepgRS OPasallidoiatei se bl ock converter 402 (Figure 4) is

recei vedpy the receiver 610 and then converted to digital by an

anal og-to-digjt nverter_ 611, end to denpd tor 613,

ot otabry e She Bl SRS ERBAIP 2007 el SRR CPRSROTRAT (o € he
nodul ati ng t echkiding tresreoedterminal dovatia, snrattlm(mg forf the bethambl &d newmdiel at e and
denodul at e uﬁalrrﬂgaip5f§§hlgﬂ-g@bﬁ@@3%1%'[395 B%I-glnﬂﬂt bl fe@ﬁ%‘ék@\}egs{d%d si gnal and

un-spread the data be ng it to the forward error correction
decoder 614, 3%?’@@%@%@%‘@&%&%@8@5@‘b(gcfﬁrdé‘lb 2, RO YR GOYEat a i s then

transferned pebolremotecaminailil er 602 for further processing, such as, for

exanpl e, protocol translation, extracting the extra control data added by
mcro controller 302 of the transmt station 1, or otherw se as required.
The out put of "¢ BRacAR eigrs! oidbmeysts &recetyed. idgwh RUNeRRdSE €19 sppeMasntiser via t he

physi cal i nt e¢ ihacermtd signavharafurfey probessad bRthé ShedtRasvel mddalet 8CE,.
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 transmitted by remote terminal 1.

Figure 6 shows that by varying 501, 502 and 503 using different combination as
30 shown in Combination 1, 2 and 3 in Figure 7 and Combination 1 and 2 in Figure 8,
another version of the system can be applied to any digital communication systems

and any network topciogy.

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 G obal Positioning System 615 and 315 is required to receive GPS
signals, for providing the renote termnal |location, 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 gonverter 15 205 for renote termnals
1. The Beacon signal of the systemis received, 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 g (ﬁﬁh%&%r%\?i’ﬁa?@ra@ecg't}éml r¥JeE}QFItQﬂI§1@ tﬁérefbl%em%erﬁﬁé satellite 4

at Figure lc, ication to ta qlcatlonfromhub
station 2 to'SPRie hekarsaited signaland e r§°ed‘19r€ S@éﬁeR F%@ﬁﬂr@ R ¥%m t he
renote term na}eSRFlsvntehetsh@albwhhesﬁa]tsmtsaorztoamdwtt&ms teetrapbgitel recad@ei ved at 25
remote tegmnal 1 is processed in the sane manner as the signal received as
hub station 2; and signals transmtted by hub station 2 are processed in
the same rmAddiongly or plrseativeln sewd cenweraspo? maybeinssaidanse wih @kilgure 6 shows

that by var Ybﬂ& 5Qﬁlgur5@2déiwd15@3nut&llﬁ@)ndmd fr@ruemty RIeNdwhaihiFagureas. 30 shown

i n Conbi nati F a n Figure 8,
anot her ver sﬁg?\ sy %? ﬁrﬁjagés’{ r‘?ﬁ" réd Ororhe'w's npgﬂ'g%\éng‘%teélﬁ?%‘lgmg%rﬁmm cation
syst ens andtfarﬁ}gnnb@mﬂmgﬁ@ﬂ@lawgﬂﬁathmfem"@meetse‘ﬂtham sipieh 08\REt REiNY be a

transm t 190l ygickte§ 8k Y d&WH ¥, F@Llrre?lssmdowanﬁlayr&c@lay@ 7amhpbm@ﬁywv§@, dependi ng
on the app I| ation requir

an only, down
converter 50D°NEEMGEn %Uf%iﬁé%ﬁi.ar‘g‘ﬁ "O'F? Qlﬂﬁi@ﬁghtoé’% Ls#ng Geive only,
up converterF@@r(e Toudses raaoIbWbelseeampilfleedLN/@rWIthh@1§$aseeiwnRﬁn\©dﬁm@ctor 501 may

have a transgldedk Fk??JL Bhdd 8fd BGde t?(&?ﬁé’e%%ﬂ&u HEYe ARpIAB! ENALwith S21 ate the
transmtted signa he received S |? RF con ect or S%MH?y al so have

RF swit ches F'ﬁgedij‘?‘”éf\/\?"d’ﬁ%tef fooRtaln @ dowsh TrEQpeRey. §'\’/ﬁhtal,$h g S¥EHG: t or

recei ve. iAddinadMmHadrbtheatiseal t er nati vel y, down converter 502 may be in
accordance with (a), (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 (&) 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, 140MHz or otherwise, to a
desired signal output. Figure 8(b), which uses BUC 503 to up convert an L-Band

signal to a desired signat ocutput.

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 communication 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 otherw 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 otherwi se. For exanple, Figure 7(a) uses a | ow noise

bl ock (LNB) to convert RF2 to L-Band,lOFigure 7(b) uses a | ow noi se
anplifier (LNA) with a 1-stage down converter 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 ot harw At ar: 1 (a) or (b)
of Figure 8, g%%ﬁ%?ﬁﬁmggee%ﬁg% g%ﬁgﬁﬁ&§¥8Egﬁh@ﬁﬁgﬁ%&%%%ﬁﬁww$%h%igure 6,
RF2 up may bé&fte pgpent npgntipdqill s urdgrstpod By theseidligd dhe t@ﬁ‘"@@%@?‘ter 503 wil |
convert the siagpairiaberodrdhailfichtdné edetblisadp pksiga icbistrutting Wing @peratich.  For

exanple, Ln FEigur . m xer r up convert a | ow
frequency,g s@@ﬂg?ﬂ%,agé %&Hogéﬂyae\ﬁ%rlt"ég ﬁaf@f\'}%zo?es%igﬂﬁé&g‘r 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. 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 described 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 conmputer usable nedium conprising a conputer program code that
is configured to cause at | east one processor to execute one or nore
functions to enabl e an apparatus to performthe nethod described above. 1
0O Wil st there has been described in the foregoing description preferred
enbodi ment of the present invention, it will. be understood by those
skilled in the technol ogy that



many variations or nodifications in details of design, construction and
operation nmay be nmade wi thout departing fromthe present invention. 11 The
clainms A digital communication systemfor comunicati on between a first
termnal and a second termnal, the first term nal conprising a spread
spectrum nodul ator for spreading a tyansnmtted signal, the transmtted
signal being spread by a spread factor. A systemas clainmed in claiml;
wherein the spread factor is in the range 1 to 999. 10 A system as clai ned
in claim1l ofhetlsimmn 2, wherein the spread factor is in the range 10 to 50.
4. A systemas clained in any one of clains 1 to 3, wherein the spread
factor 15 is 31. 5 A systemas claiped in any one of clains 1 to 4,
wherein the dpreaf d'%ﬂé@%‘%ﬂ‘?%ﬂ@f%ﬁ%f‘” FRIMMAYIGHLRFYSEE A YR Egindlup
consi sting of direeda spempdeaendnssthe fidt soendlrcomprivcu bk apead spextbufor equency
hoppi ng spread *? I : VA< ol . any one of
clains 1 Fo 5, m&o@ﬁ%&%Fh}égﬂsréégggﬁﬁﬁé?ﬁ@%E@%bﬁ%?;ﬁg@é@g%%ﬂ;l spectrum
denodul ator. A sy8Rredfl ¥y sPregr RSP i n claim 6, wherein the spread spectrum
denodul ator is selected fromthe group consisting of: a direct sequence
spread spectrum dempdul ator, .and.fre ncy. h i r. trum
denodul ator 10 8. g,&ys’s?/rgta Séﬁ%a]gféa d(': Cg?"ﬁr}édaﬁeﬁre@?{% S%Pe%,d ?a\%ﬁz*r%é'?ﬁgtr%@(ggi rect
sequence spread ®#9em spectrum nodul ator fornms part of a first term nal
nodem Aj;gystemas clainmed in claim8, wherein the first term nal nodem

al so corrpriies a}\ | east ogﬁne%f.: an 4 nterfac cropracessor, a forward

system as € in claim 1 or claim (\?vher%in%e spr
error y . p
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 spectrum modulator, and frequency hopping spread

20 spectrum modulator.

5. A system as claimed in any one of claims 1 to 5, wherein the second
terminal comprises a spread spectrum demodulator.

25 T A system as claimed in claim 6, wherein the spread spectrum demodulator
is selected from the group consisting of a direct sequence spread
spectrum 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 also
comprises at least one of: an interface, a microprocessor, a forward error
35 correction encoder, a further modulator, an up converter, a block up

converter, and an amplifier.



correction encoder, a further nodul ator, an up converter, a block up
converter, and an anplifier. 12 10. A systemas clainmed in claim7, wherein
the direct sequence spread spectrum denodul ator forns part of a second
term nal nodern. 11. A systemas clained in claim10, wherein the second
term nal nodem further conprises at beast one of: a block converter, a
down converter, a mcrocontroller, and an interface. 12. A system as
claimed in claim8, wherein the first termnal nodemis part of a first
term nal prod@ssi Agsyegm pirelimedtihecldimr’s twhessinriheadirept eepssiengpréed equi pnent
further conprisingath88RbauRRE (s pah A8 kerkflafifbackl | ter, a low noise
block filter, a block up converter, an up converter, and an anplifier. 13.
A systemas claimed in claim10 or claim 11, wherein the second term nal
nodem i s part1.0f A syeteonsd ¢@med matiapr oF egeraigthe iec@ietetmindl meodsmcond 15
term nal processi I t t her .co i S| t S f: a
transmt ?ej ect fP%P%rq%a@n%?(?(t:I?g(g:to%\g}é)F'taeg?gka&m%gtfg@oér?ﬁ?'oc{op%;&.gr’ %4. A system
as clai med i n anymésorfolign dms intefase. 13, wherein the first termnal is a
renote termnal and the second terminal is a hub termnal. 20 15. A nethod
for the reduction,of noise relative _to a .signal, the methad |ncluding the
steps: (2 atta f et ar fomsr R e BedrB R R ek i E i < ted: (o)
at the first terndnébt tevdklapionessingeewiingreat, the #ph danineherasegpimgl to forma
spread signal ; angyfigment ﬂﬁhér'cB&bris"ir%rdﬂéA@ﬂ orlelANSHAnk it Aed: Bfer SPGAd si gnal .
16. A nmethod as cl ai nﬁd I'E Cl@'ml : erein the spreﬁg ma al 1s received
by a second ter n{H¥ PO AL LYK P CRPE Haf" WRIOAE S GEABYATHYSr to de- spread
30 the spread signal and any received signal noise. 17. A nethod for the
reduction of 18101 Sg spﬁérﬁuab ¥8infed irﬁclacih'lgmaclr ’clam%,'mlta*émm second terminal

modem is part of a second terminal processing equipment, the second
i5 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 one 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 ncise relative to a signal, the method
including the steps:
{(a) at a first terminal, generating a signal to be transmitted,;
(b) at the first terminal modulating the signal to spread the signal to
25 form a spread signal; and
(c) the first terminat transmitting the spread signal.
16. A method as claimed in claim 15, wherein the spread signal is received by
a second terminal, 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 to 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

signal and any received signal noise to form the signal and to

reduce the received signal noise.



including the steps: a second terminal receiving a spread signal; the
second term nal using a denodul ator to de-spread the spread signal and any
recei ved signal noise to formthe signal and to reduce the received signal
noi se. 13 10 18. A nmethod as clained in claim 17, wherein the spread signal
is transmitted by a first termnal, the first termnal nodulating a
transmtted signal to spread the transmtted signal to formthe spread
signal prior to transmtting the spread signal. 19. A method as clained in
any one of clains 15, 16 and 18, wherein the first termnal conprises a

spread spect hym MaghyaliQk dfafhedSRERRAI N InERS thd E;ﬁ‘%’@ig‘zﬁaﬁig rah@de the _
transmtted signal bei ng spr ead b_\é‘éa spread actor, 20. A od as cl ai ned
egiab Jlhe et g

f al . et
in claim19, wherBYA it pkmpguiatng g Lgjgaited sﬂ%’ag%. 21. A
met hod as cl ai medspreadtthairansin@ted sigad! & imn2be spvhadt @gral privetosipamnsanditifgact or is 15
in the rapge 10 t - met hod as clained in any one of clains 19 to
21, mhere?n t he s%ﬁggﬁag%gg@br is 31. 20 23. A nethod as clainmed in claim
19, wherein the spread spectrum nodul ator is selected fromthe group
consi sting ofig. a dAimefibtd SEARINELCIA a8PERAEH clafietd, N6 Bhd e whekbrthe ed a
frequency hoppi ng, spread _spectru . . t ai med in any
one of clains 16 Fﬁ%ﬂg,cmfé?%iﬁ %hgggékgﬁg&_Eééwgéhﬁﬁaggg%ﬁ%r?%es a spread
spect rum denodul atransmitted @ignd, thentranemitied sigral being srserd by a@Peiad{a2Pr. wherei n t he
spread spgctrum denodul ator is selected fromthe group consisting of: a
SH oot :Sggf?@; PR o8 REGIL LSS RIS e SRYahcldr R FAGYndAOPP! N

1 to 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 cne 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 modulator.

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

demodulator is selected from the group consisting 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



denpdul ator. 26. A nethod as clainmed in any one of clainms 19 to 22, wherein
the direct sequence spread system spectrum nodul ator fornms part of a first
termnal nodem s5 27. A nethod as clainmed in claim26, wherein the first
term nal nodem al so conprises at |east one of: an interface, a
m croprocessor, a forward error 14 cowecti on encoder, a further nodul ator,
an up converter; a block tip converter, and an anplifier. 28. A nethod as
claimed in claim?24; wherein the spread spectrum denodul ator forns part of
a second term nal corediom eR9der Aanfettfen dnedsilagdraemed ¢onverleai aMbR8k upherei n t he
second term nal npgeoye fAlGLAGMpfRAPri ses at |east one of: a block
converter, a down converter, a mcrocontroller, and an interface. 10 30. A
method as clained in claim26 or claim27. wherein the first term nal nodem
is part of a2firsh trethot nad cRiniess@laim 324, Whereh hibd §se=el apevedmi n cl ai m 28
or claim29, wheregij r.m is part of a second
term nal %)rocesso?%rn%ur%g)tr%g@gg%(%:f?asgaﬁ@gkﬁr%§g|@&§ﬁ1é of lOcl ains 16 and 18 to
31, wherein the first termnal is a renote termnal and the second
termnal is aghuba rhﬁmdaihmagima@ iﬁa?in{@tﬂm#feﬂé‘m msaéab@dnte.fﬂmummgmri sing a
conput er program e that is  configured to cause at |east .on rocessor
to execute one or&'ﬁg?recomf)'i'fﬁgtaf 57 OP%ggnaaEIP%k %ﬂv%r%ﬁgr%}fmﬂsco "bert%rer%fgrm t he
met hod of any onemigfocorstoli¢rnandied interfage.,

10

30. A method as claimed in claim 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 terminal

15 modem is part of a second terminal processor.

32. A method as claimed in any ene 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 one or more
functions to enable an apparatus to perform the method of any one of
claims 15 to 32.

25



