Interference Renoval Field of the Invention The invention relates to
processi ng of signals subject to interference. Background of the Invention
Satel | it ewo@uTumB®at i on systens are today an inportant pariEpedioossisdveral l
gl obal telecomunication infrastructure., As we rely nore and nore on
satellite conmmunication, it has al so becone nore inportant to protect
satellite communication frominterference and piracy. Interfering signals
can degrade or interrupt satellite comrunication. Sone interference is

acci dent al Tadrfdwence Ramevalgr ound equi pnent. Qther interference is
intentional and malicious. Typically, a carrier occupying the sanme band as
the interferer cannot be used and, additionally, the interferer will "rob"
downl i nk pouerg §f @R 1G6HIIERS Occupying different frequencies. Additionally,
interference may reduce the signal-to-noise ratio of the carrier. There is
t her ef or e dhdenmandiohrghnteommepcisaing pdtsenhistsebsperaintrréerfer. satel lite
comruni Eati on systens that allows for the renoval of unwanted signals.
Satellife comruni cation systens increasingly process signals in both the
anal ogue arBhditiggovired ofleimlnvention Si gnals are often filtered and
pre-processed in the anal ogue domain before being digitised. In the digital
domai n, t he?&llGRAPEHHYCHIOTREHGIT 3B EXBH 2P ARG OHA P Iﬁﬁng% Py orertlt glghahcy
channel's, whi&m&anichhenihie.specessad waepfélyn%;eeﬁqcﬁl%e_@er &k §hviirche frequency

channel s are then nultiplexed again to formthe required downlink signals
bef or e t he coomversition, bdek atso hchemamadrodgue odenmionprofechsoalivand carri er may

be dem%I tiplexed.and pfrroces%%éj as._a QI f .const it uent narr ow

Jrali
requonly SRENREEMANESRIDREI AR Al il e e B0 SBNIIR Y 01

I nvention Aeceandt Rgeltie: ¢diemunicenién. Gomd inesréereseefis avdidedalamdappanatulsy f or a
satellite ground equipment. Other interference is intentional and malicious. Typically, a
carrier occupying the same band as the interferer cannot be used and, additionally,
the interferer will “rob” downlink power from carriers occupying different
15 frequencies. Additionally, interference may reduce the signal-to-noise ratio of the

carrier. There is therefore a demand from commercial satellite operators for

satellite communication systems that allows for the removal of unwanted signals.

Satellite communication systems increasingly process signals in both the analogue
20 and digital domain. The signals are often filtered and pre-processed in the analogue

domain before being digitised. In the digital domain, the signals may be

demultiplexed into a plurality of frequency channels, which can then be processed

and routed separately. The frequency channels are then multiplexed again to form

the required downlink signals before the conversion back to the analogue domain.
25 A broadband carrier may be demultiplexed and processed as a plurality of

constituent narrow frequency channels.
The invention was made in this context.

30 Summary of the Invention
According to the invention, there is provided an apparatus for a satellite
communication system, comprising: means for monitoring a plurality of frequency

channels demultiplexed from a signal comprising one or more carriers; means for



conmmuni cation system conprising: neans for nonitoring a plurality of
frequency channels demul ti pl exed froma signal conprising one or nore
carri er s;worangiod®ei denti fying at | east one frequency clrammeoofsithe
plurality of frequency channels conprising interference; and neans for
removing the identified at | east one frequency channel before the one or
nore carriers are reformed. The nmeans for nonitoring may be configured to
nonitor the signal |evel of the plurality of frequency channels and the
means for ideyityifgiaplgasthencarequsast cloweck eledgatenl vhainiiequenay civenglsnf i gur ed
to determ t: a f ; ~ i interference
[ the si gnal T arEl F s B I R I R R e s a of gnal
| evel t hreshoejudncyldhennddnrsodeahe iode ot infore ngrrivayaprrofdroeda spect rum anal ysi s
function. The signal |evel threshold may be determ ned based on an expected
power profile of the signal conprising the one or nore carriers. The
appar at ys may rhébinks T6F neAMBFihS enad He%‘o@f%@fedft@rméﬁi@&i thie RGnhhevail gnat
conprising the one or nore carriers. The signal n%y conprise a plurality of
carriers. PaeRligfoftiheuene dranpsls eng dh¢ mepes E?ayd%"él tamihe ppleestedci nto a
plurality | d ~ S Lvely.
Each carrig%qkéﬁgggggggg% d %%&gg%%5?#%%%E§%%§E%¥ég??gﬁggﬁgﬁﬁz%ﬁ%%gyeach
conmuni cat icom redhanmeprisrayta onseguerid ygind lgpebeedsed last angfruqadncy y of
frequency channels. The neans for r [ the identified at |east, one
fr equency CHAMMS it e BRRras BrEg bt Hant SSote s ebaueReY hannel
dermul ti7pl exgee i@ hAyEaFkdc@onOThs &bl 0B Ofirc SRIE nEAMHd &iSrnlifed BIRU®N
interference within said carrier. The one or nore carriers nmay conprise a
br oadband éarxpeftedpaveheropilaparictyenst copatitiaadyc enannslose pEyctonpri se
mul tiple frequency channels denultipl exed fromsaid broadband carrier, the
means for renoving being configured to renove at | east one frequency
channel fr Ghesgipdraned haplhetiar equency achamelfsr betore thheignal careprijisg
refornmed. The neans for renn%%n%.thp at | east one identified Hieﬂu%ncy
Channel n.a>} %81’16 Or motre carriers. c 1gr1a may COI’IlpflSC a p urahty Of carriers. acn o
75 the one or more carriers may be demultiplexed into a plurality of frequency
channels of said frequency channels respectively. Each carrier may correspond to a
separate communication channel and each communication channel may

consequently be processed as a plurality of frequency channels.

20 The means for removing the identified at least one frequency channel may be
operable to remove at least one frequency channel demultiplexed from a carrier of
said one or more carriers to remove interference within said carrier. The one or
more carriers may comprise a broadband carrier and the plurality of frequency
channels may comprise multiple frequency channels demultiplexed from said

25  broadband carrier, the means for removing being contigured to remove at least one
frequency channel from said multiple frequency channels before the carrier is

reformed.

The means for removing the at least one identified frequency channel may be

30  operable to remove at least one frequency channel located adjacent a carrier.

The means for removing the identified at least one frequency channel may be

configured to null the identified at least one frequency channel.



operable to renpbve at | east one frequency channel |ocated adjacent a
carrier. The nmeans for renoving the identified at | east one frequency
channel ey 20m/0830i gured to null the identified at | eagtT@®PRONSIIYENCY
channel . The at |east one frequency channgl may conprises nore than one
frequency channels. Consequently, the invention provides a way of renoving
interfering signals. In the case wherein the interfering signal is within a
carrier, if the renoved frequency channel is nuch narrower than the

carrier, the carrier would still be usable The invention therefore all ows
carriers t qi 'ﬂ e .br. @% g D Hgtqf§ o As well as
di rect |nt§j?g£e%%g8?%n81%1f9tﬁ%§§bpr é&%ygg(g5ﬁh(ﬁﬁk &§£ gyrobbing and

i nproves t kbasigmal -t 0-noi se rati o of the carrier. The apparatus may
conprise a digital processor arrangenent conprising the neans for
nonitoring the plurality of frequency channels, the nmeans for identifying

at | east Om%nfsé(ﬁﬂﬂﬁ%ﬁ_ct‘he@m&%h paadldtemm@me&@&mge@feﬁwgg tidealat 1h @@st one
frequency channel di gital processor arrangenent nay conprlse a

demul ti pl exese Voercigethglinicpleeng nigneHe waihghalcairistof thierepraredlfradpeesy f requency
channel s a’&flaf%e"w %hpﬂl GX %BWEP{héL%QéS?n@?ttLQ%a&@W%EﬂdT%}ﬁPbé"%bﬁeerﬁ? The

denul ti pl exer e configure 'ex a single carrier t he one
or nore caHMWEMSnnhmﬁﬂaepﬂuwabmﬁynnk>ﬁmequ@ncquhaﬂmeésfnmhewhpphratus may

further cor e a digit s{.gn rocessor fo rocessin t I|ty of
[ equency oHEHHGIEs AR Diis WL InPeer iy e cBniigardu kb SPb i

carri eryf r%r&xxeheowl %aﬁﬁﬂpm@m&lﬁ enal RE noBaANS:id OF (HDAIti&r i ng, the rTeanS
for identifying and the means for renoving the identified at |east one

frequency channel may be provided in the digital signal processor.

Accor di ng tﬂeta? atal¥e rﬂ&ff 9&11 }1?665 Sﬁlltal O%QSSBE 9%%%%6%t §%§E|Sm &he means
conmmuni cat i on sten1conpr| I ng the apparatus cri bed According to
t he |nventﬁbﬂnmmhenegnbaphsﬂupobﬁ@Qedmachmmhmdtbfnmemnﬂnngnnﬁwngatbam
one frequency channel and the means for removing the at least one frequency
75 channel. The digital processor arrangement may comprise a demultiplexer for

demultiplexing the signal into the plurality of frequency channels and a multiplexer

tor reforming the one or more carriers.

The demultiplexer may be configured to demultiplex a single carrier of the one or
20 more carriers into a plurality of frequency channels; the apparatus may further
comprise a digital signal processor for processing the plurality of frequency
channels, and the multiplexer may be configured to reform the carrier from the
processed channels. The means for monitoring, the means for identifying and the
means for removing the identified at least one frequency channel may be provided

25 in the digital signal processor.

According to the invention, there is also provided a satellite communication system

comprising the apparatus described above.

30 According to the invention, there is also provided a method of removing
interference in a satellite communication system comprising: monitoring a plurality

of frequency channel demultiplexed from one or more carriers; identifying at least



interference in a satellite comunication system conprising: nonitoring a
plurality of frequency channel demultiplexed fromone or nore carriers;

i denti f yiwog 2ato/dos@3t - A - one frequency channel conpri sipog/EpRéensanEence;
and renoving the identified at |east one frequency channel before the one
or nore carriers are refornmed. ldentifying at |east one frequency channel
conprising interference may conpri se determ ni ng whet her the signal |eve
of a frequency channel exceeds a signal level threshold. The signal |evel
t hreshol d 9y frslugedyeriAEd DET B ORI reNgse i@ tEpowes t}mléﬁml%ecg%t lete

si gnal conprisi %eﬁé}echglﬁﬁ 1HerOR e GAL Lk &l te NG BN ARY further conprise
of a sat

receiving in a recerver satellite communi cation systemthe signal
conprising said one or nore carriers and each carrier of said one or nore

O ey e e B R b b B e B PhaBl e
frequengy chanmelinfBhcaRIPRd §8ndl @ARY bhg fRlutLRadsthaang kEQauancharhananel
dermul tiplexed froma carrier of said one or nore carriers to renove

i nterferendereaheli s siemt legel thimsbolghimanbe deicemigeriasrdsomay cepimped se a

plural ity QfRRLEHAESr NG ARDAL AR AL 30, COMRIL 6, fenul ti plexing a

carrier into nuftiple req%ency hanrel s of the plurality of frequency

channel s; processing the frequency channels, and after the identified

frequency anne ith interference has. been renoved, reformng the carrier
se e

from the procd8seqdfy €Y CURBHMEICSS VBRI B BELEYi B3 BHFIOF t he Drawi ngs

Enbodi ment sofmddientonvgiehOiheWidnal 8awhREnd eS8 inb A mdY Wa¥erOin®Xanpl e, with
reference to Figures 1 to 8 of the acconpanying drawi ngs, in which: Figure

1 is a scheénsicr ©f brigcecdirageiaraaeicra nyaths| Janatiplsnerlimite aenasrc $ydiiplyy Fi gures
2a and 2b gﬁ%i [ ' cqggg' I: [terference is
filtered aﬁ%ggo f%%%%%@%%%Hfhfﬁﬁguég é???%%ng%ﬁﬁﬁnl %%f@%“gggfékgs igure 3
i s a schenehedrdojuondy diaagelamofortpwesediegiovalg priecessolfreqfiettayghnend ;

demultiplexed from a carrier of said one or more carriers to remove interference

75 within a carrier. The one or more carriers may comprise a plurality of carriers.

The method may also comprise demultiplexing a carrier into multiple frequency
channels of the plurality of frequency channels; processing the frequency channels,
and after the identified frequency channel with interference has been removed,

20 reforming the carrier from the processed frequency channels.

Brief Description of the Drawings
Embodiments of the invention will now be described, by way of example, with
reference to Figures 1 to 8 of the accompanying drawings, in which:

25 Tigure 1 is a schematic block diagram of a satellite communication system;
Figures 2a and 2b schematically illustrate how a signal comprising interference is
tiltered and down-converted in the satellite communication system;

Figure 3 is a schematic block diagram of the digital processor of Figure 1;
Figures 4a, 4b, 4c and 4d schematically illustrate how a signal is demultiplexed and

30  multiplexed in the digital processor of Figure 3.

Figure 5 schematically illustrates how a broadband carrier is processed in the digital
processor of Figure 3;

Figures 6a and 6b illustrate how an interfering signal within a carrier can be



Figures 4a, 4b, 4c and 4d schematically illustrate how a signal is
denul ti pl exed and nultiplexed in the digital processor of Figure 3. Figure
5 schematwoablooBdobust rat es how a broadband carrier is proErss0ds3msthe
digital processor of Figure 3; Figures_@g_and 6b illustrate how an
interfering signal within a carrier can berenoved in the digital processor
of Figure 3; and Figures 7a and 7b illustrate how an interfering signal

bet ween carriers can be renoved in the dlgltal processor of Figure 3.

Det ai | ed Dé@@PV%iVbﬁwvﬁﬁﬁﬂPéﬂ@ﬁ%ﬁéﬁlﬁgﬂFlg@@ 1, a satellite comunication

system 1 comprlses, '%?S%ﬁlsi’rﬁt QH%t%ﬂJQ%gEth%efn%en Sér\é'cQQ pYpl i nk

beans, a | OW noi se anpl i the signals received in the
uplink beanmspnoan inntheghigitak dr@rowesddiigdef3or processing the signal, a high
power anplifier 5 for anplifying the processed signal and a transmt
antenna subsystem 6 for transmtting the signal in downlink beans. The
recelve5anqﬁﬁaﬂe§qh§&gb©@h2 may be configured to receive a plurality of
beans froma plurality of subscriber |ocations or a single beamfroma

gat enay gr OUitel refeearce i Fsivng Lot welht%@r@maﬁlgmn Bt A £OSUBEYSE E¥ACHCay be

configured o bh %‘ﬁ{?é eglaz @J)yfe@lzllvfné %ﬁm?%%r B dlo"i‘v RbiuL Q&]nbfi,ﬁeroi fgubscri ber

| ocations or a sin eamto a station e satelllte
connunlcatmoqﬂﬁysgdﬂaﬂgyﬂbexbae@dldw1@&&Mﬂﬁmnm]mgﬁmeﬁmmdkmamnhuVEﬁnure or a
spatially sw tched archi %F@% | t sh ere sed that Fi gure is

T

onl'y schemdt?c dhg hhsy e £ ﬁ’ff’ SLHBY (i ieachs Precasay hea

i npl enept ednads @arShigd e SUDSKSERIMW ol tAnSihnghe t}@éw;lgman usedlihiobbahd
receive and transmt beans. The integrated processor 4 conprises an

anal ogue pridepeedeszgenT subsy gl ogaebe sangeiad te sredietreruglitno bbeinsal
processor ¢,,4, gJ]l_Lgﬂafllﬁflofts%'b A LINE ERDYEL & glellg)eaﬂpﬂoﬁlna %%QQTQIHH out the

post - processor ana gue pre-processer is provid
want ed si gnalt®nf Samlidye the censred anadnatiloyys@ndo heydewontigniedrtd ttdmemaant ed

a plurality of beams to a plurality of subscriber locations or a single beam to a

15 gateway ground station. The satellite communication system may be based on
beam-forming network architecture or a spatially switched architecture. It should
be realised that Figure 1 is only schematic and the receive and transmit subsystems
2, 6 may be implemented as a single subsystem with a single antenna used to both
receive and transmit beams.

20
The integrated processor 4 comprises an analogue pre-processor 7, an analogue-to-
digital converter 8, a digital processor 9, a digital-to-analogue converter 10 and an
analogue post-processor 11. The analogue pre-processor is provided to filter out
the wanted signals from the received radiation and to down-convert the wanted

25 signals to a frequency in which the signal can be processed by the digital processor.
The analogue-to-digital converter 8 is provided to digitise the signal, the digital-to-
analogue converter 10 is provided to convert the digital signal back to the analogue
domain and the post-processor 11 is provided to reject unwanted images after
digital-to analogue-conversion and to up-convert the signal to a suitable frequency

30  tor the downlink beams. The digital processor will be described in more detail
below. The integrated processor 4 also comprises a control interface connected to

the digital processor 9. The control interface 12 provides an interface to a ground



signals to a frequency in which the signal can be processed by the digital
processor. The anal ogue-to-digital converter 8 is provided to digitise the
si gnal , twe 2diogios@bk-t oanal ogue converter 10 i s provi dedpCw/EPRoNe®53143 he
digital signal back to the anal ogue domgin and the post-processor 1 1 is
provided to reject unwanted i nages after digital-to anal ogue-conversi on and
to up-convert the signal to a suitable frequency for the downlink beans.
The digital processor will be described in nore detail below The

i nt egr at ed spitioadssorhav gl fepalkonipeitsediggaivcespr P e efcageobohifested to the
digital %§&§ spr 9. The control interface 12 provides an interface to a
groundst at i not shown) for allowi ng the digital processor 9 to be
controlled fronrground Wth reference to Figures 2a and 2b, a frequency

range of the incom ng radiati down- conver.t ed. want ed are
Shown. The S K GHERGRF ST SETo bt 1 cade AR TaHC OF Gl 12 S iint od
si gnal s s13ananske 43Pn- clzhee@eraam%@ S8l REQBESBOMhBY cdhinkehdiduén t he want ed
signal 12 using, for exanple, a band pass filter. The filtered signal is

then down- COMPEStet vRBted STkl 2 prégoeneyd agnskioia apa 18bgdie apBlogThersmant ed
signal conmprjses, a}n gftéj SEn O BRI di eg%%ﬁ éé%sm%hﬁ)r%?ﬁ&hg 7 bRy Q&"fﬁrer

different W dth on the ty ht o ornatl n bel ng
connunicatéﬂwhﬂuﬁhﬁmgaﬂnsdﬁﬂldﬁmntemeﬂwédomddwatBeQummyaah$©wnonﬁ@m&e

interfering,signals 15. The interfering,.si nals an i n-ban

i ort ori nobs A S Het A o Rah SRS i AR e TR e Pkl BP0, and
2b. Thepi ntiefréeni @@tﬁ'dgﬁé{dlﬁ@bfn@ﬂles? Q%né&nidﬂfh@bfﬁ{fbﬁﬁat%rgﬂéh adj acent to a
carrier or between carriers. According to the invention, the |nterfer|ng

si gnal can SBEEHEARdDY Bhq Ferigh ngrearecewe%é%dserorgmagakﬁplcpnweseesterrfr%@ei in
mor e det ai l;; hef, % 1Bté‘r?e£§;g%%ﬁlstr8 ﬁ@%%% &Hﬁser@ér gtsé}%na?w&?éﬁor 9

conpri ses A fdenul tiplexer separating the want e into a
plurality mﬂo&ﬁeqﬁemcwr@hahmems;F@p&wghahdpﬂndébsﬂmeﬂﬁh@@mgpm@meamodg:the
frequency channels se mul ti Iexer

t el d f.
A A e R A R R o Ry e i AT A

15 invention, the interfering signal can be removed in the digital processor 9 as will be

described in more detail below.

With reference to Figure 3, the digital processor 9 comprises a demultiplexer 16 for
separating the wanted signal into a plurality of frequency channels, a signal

20 processor 17 for processing the frequency channels separately and a frequency
multiplexer 18 for multiplexing the separate frequency channels together again. The
demultiplexer 16 receives the signal from the analogue-to-digital converter 8 and the
multiplexer 18 forwards the multiplexed signal to the digital-to-analogue converter
10. The signal processor 17 also comprises an interference removal unit 19 for

25  removing interfering signals as will be described in more detail below.

With reference to Figure 4a to 4d, the demultiplexer 16 may comprise a plurality of
tilters that divide the digitised signal into a plurality of frequency channels 20. For
example, the demultiplexer may separate the signal into K frequency channels 20 of
30  equal width as shown in Figure 4a and 4b. The number of channels into which the
signal is separated depends on the application but in some systems may be as high
as 1000 channels. Of course, the number of channels can be lower or higher than

1000 channels. When the demultiplexer 16 divides the digital signal into a plurality



denmul tipl exer 16 receives the signal fromthe anal ogue-to-digital converter
8 and the nmultiplexer 18 forwards the nultiplexed signal to the

di gi t al - twoanawguse converter 10. The signal processor »CTAPI@OOSIIPS i Ses an
interference renmoval unit 19 for renoving interfering signals as will be
described in nore detail below. Wth reference to Figure 4a to 4d, the
denul ti pl exer 16 may conprise a plurality of filters that divide the
digitised signal into a plurality of frequency channels 20. For exanple,

t he denul t ioplfexieenqreshagaga Lt entieveinghigtetfotng sigrfat &g iferepyracttbinfese 20 of
equal w dt i | T C } whi ch
t he signal %f%?%%gge\ﬁgfe% @égg%%ﬁ%ﬁ]@?ﬁ‘é@%& g%??g?ﬁéalgkﬁlng@gér}ggi%%%s may
be as hi gh pascckf080hekignaeliss theaOfre@eurs ehartnl sepabety. oF oichampéd,sheannide | ower
or higher than 100 chann%l s. Wen the dﬁrr.ul ti 8Idexeaﬁ] 16 divides, the digital
si gnal i nt &"&PIUr &l TEY B TPIR TR CHUSREPE 290 SA BFFBABHRGSI itér f er i ng
signal 15 is%ﬁﬁ@@)”c@%@ﬁl?ﬁia@s@l@@l{oﬁe hey ERAGRNGN Chatnelgcaly asnsbrwn 1N
Fi gure 4a. e signal processor 17 then processes the signals in the
frequency charinbpsndepiuasetyanddd exanpl e, the signal processor 17 may
perform frequency translation and digital beamform ng. The signal

processor 17 maps the K frequency channels into L new frequency channels 2
1 as shown A mrEegderesltiptexah by 4be ddmohipidxer 16emylHe pldex ednfoyowérethan a

dermul ti pl exer 16 b i der or narrower than a frequency channel 20. In
sone enmbodi %F%fyﬁﬁﬁn%ﬁgn 815919 T@?%‘B{S]anshg“ea‘éﬁﬂ’ﬂ‘flifﬁfeé?(é?%{t% are desi gned
such that theywlgieatdceatitgaussuehaniahsy that RddgtousdiMends ent.iaueus
passband. This can be used to reforma carrier that spans nultiple

frequency EHEMelsinuphe PpsbeessThig can by Used Erantn egrrisrthaspagpanni ng a
I'tipl f i , i -r i r- a-n aftict T ANNING 4
multiple o mJlE?@ﬁ?%n%ﬁ%ﬁ%%ﬁ The df Bééé?ﬁlg?ff%j) LR Qucrﬁ 214 ing

denul ti pl exer roadband carri Into a plurality o
nar r owband nfiulgpieerdycqlhannelasntlvat ilhartaiaal inyFigwerd. dphe déreulciphstit fillent

frequency chapnel,s are then routed and b arrforrreg oget her, by the signal

processor ig‘? Qf%df’ﬁ%‘{ RIFET Ezf &X8r P8t He° BEREE flf“?’aglﬁﬁ%‘/n‘éliﬁn ﬁléﬁﬁ%tl s 21

are then agdadhiypvtaaRr oKt denditndi FenRth&alayin@Xaed tleh@buted and beam-
tormed together by the signal processor 17. In the multiplexer 18 the processed
trequency channels 21 are then added up to provide a mathematically exact flat

response 22 to reform the broadband carrier 14.

20 During the digital signal processing of the individual frequency channels of a signal
comprising one or more carriers, an interfering signal can be removed. Figures 6a
and 6b illustrate how an in-band interfering signal 15 within a carrier 14 is removed.
The interference removal unit 19 provides a spectrum analysis function by
monitoring the signal level of the demultiplexed frequency channels. When the

25 signal level exceeds a predefined threshold 22, it is assumed that an interfering
signal is detected and the frequency channel is nulled. The predefined threshold 22
may be reprogrammable. The nulling of the frequency channel can be achieved by
setting the amplitude of the whole frequency channel to zero. The remaining
trequency channels can then be processed, frequency translated and multiplexed to

30  reform the carrier 14. If the frequency channel is significantly narrower than the
carrier, the information of the carrier that is lost in the nulled frequency channel is
not crucial for interpreting the carrier and the carrier is still usable. Also, by

removing the frequency channels containing the interfering signal, the signal-to-



response 22 to reformthe broadband carrier 14. During the digital signal
processi ng of the individual frequency channels of a signal conprising one
or nore oworbarm309an i nterfering signal can be renpved. pErgre@s/oéasand 6b
illustrate how an in-band interfering signal 15 within a carrier 14 is
renoved. The interference renoval unit 19 provides a spectrum anal ysis
function by nonitoring the signal |evel of the demultipl exed frequency
channel s. When the signal |evel exceeds a predefined threshold 22, it is
assunmed t harissraiiopéiiesirtier sighatyeds Mpse@st dPvaridobhiagfiraywekiaycagidhnel s

nul l ed. Th [ leped. thr ld 22 may be reprogranmabl e. The nulling of
t he frequeﬁgg gﬁggngﬁ g&%dgéngchieved by setting the anplitude of the whole

frequency channel to zero. The remaining frequency channels can then be
processed, fre%uenc§wtr%pslated and Itipliied to ref0£n1the carrLfr 14.
If the fredQEACYIBREAABIDTECS GRITT darfely Rty SRt AanH e hiFFer’? t he
I nfor mati onn@f7ht hehCiatdrf@Endchainok 8l U819 iidntbe ihidlsl@dl fetaquensyrcghanrnel is
not crucial for interpreting the carrier and the carrier is still usable.

Al so, by rehovidhigarcheher erpuesrs lenaniferds ovediol Ag it Kespumed ek rAg si gnal |
the signal aﬁéaﬁgﬁﬁg si%ﬂgtll % iQfdeEe*a?edCﬁHéh% ote k&&&&‘é?@ga&&ﬁ %&?ﬁﬁhsmg%@r
e y S reduced.

r obbi ng from ot arriers the interferer i terfering
si gnal s betimediarigasighdris ntded afhaksmib@grienpved dsinsblownn bn proguseds 7a and

7b. The interference renpval unit 19 nonitors the. signal. | evel. in,the
1D qtoncy e el PER iy AP e Dot 927 BrrEnbia 5™ ¢ i s
assumedot hateArih fbRhAIC HNGo:Sil- 3R abist 3adi S isdeipet &aangb b hevahalie fé+ equency

channel conprising the interfering signal is nulled. The remaining
frequency E¢HARRENSS danhcdcripaessed, uif pedisanesiaimgrignat eWhaadherul ti pl exed

to reform the CALtL &r S bden BYLRMRYI rﬁlagoﬁ,%%ftpgg}fgg}l;é&ﬂ% thd O ricrs

signal -to-noise ratio is inproved and power ’aval or transmtting the
carriers isshot used up by the interfering signal. Wen the interference is
between carriers, no information, or little information, in the carriers is
| ost .

75 It should be realised that although only one frequency channel is shown to be nulled
in Figures 6a, 6b, 7a and 7b, an interfering signal can span a number of channels or
the signal may comprise a plurality of interfering signals and therefore more than

one frequency channel may need to be removed.

20 The signal level threshold 22 may be based on the power profile of a typical signal
comprising one or more carriers. Alternatively, the power profile of the carriers in
the signals may be measured to determine the thresholds. The signal level threshold
may be fixed at the same level for all frequency channels or determined individually
tor each frequency channel. For example, the interference removal unit 19 may

25 measure the power profile for a predetermined time and determine an expected
trequency level for each frequency channel. The signal change level threshold 22
may vary, as shown in Figures 6a and 7a, depending on the location of the
frequency channel with respect to a carrier. For example, if the frequency channel
lies in the middle of carrier, the threshold 22 may be higher than if the frequency

30  channel lies between carriers. The threshold for a frequency channel within a
carrier may be higher than the signal level of the frequency channel of the carrier
having the highest gain whereas the threshold for a frequency channel between

carriers may be lower than the highest signal level of the carrier. The signal level



It should be realised that although only one frequency channel is shown to
be nulled in Figures 6a, 6b, 7a and 7b, an interfering signal can span a
nunber ofwohammeb®2or the signal may conprise a pluraligTapembosstheri ng
signals and therefore nore than one frqqpency channel may need to be

renoved. The signal l|level threshold 22 may be based on the power profile of
a typical signal conprising one or nore carriers. Alternatively, the power
profile of the carriers in the signals may be neasured to determ ne the

t hr eshol ds.thrPReolds gAatay|heveapred hegatisdruncheyf the sfticlistisyatent ke rapaagrameyes)  f or

all fr eqUeE‘&¥it&h%ﬂpglg§?@%v9‘%&%rs LREd ’}wovﬂed}éﬁlé%ﬁlg{fgea@(‘tﬂe FLEAUeNSY

channel . For exanp e Interference renova may neasure the
power pr of iahé ahglitad eprtecietiermnde dhingeeluaing tteliGrtmaet dr sexpeet éd sbmequency

| evel for each frequency channel . The signal change | evel threshold 22 may
vary, aa sRoME PROMIGU s SRa o Mg BER e oam i hel 1ot PR OR g

frequency chamaelonwol hit€spReet to a carrier. For exanple, if the frequency
channel lies in the mddle of carrier, the threshold 22 nay be hi gher than

if the frequency channel |ies between carriers. The threshold for a

frequency %%’]Hﬁénd@nt@nrbe LALELEL s ﬁ%‘e\?fagyatghhglﬂh%g%ta% ngocéis%?a' | evel of

the frequency channel of the carrier S aln whereas the
t hreshol d fheothigcfurequehey acharnbhndetivie emnpal sidevidedrayo berdndweroft han t he

hi ghest signal | evel. of the carrier. The signal. |evelthresholds 22 may be
Ctored bef draorbaHERb S SRFUITY i a SaPEnr bl HETR ST AMIRRC TP G The
si gnal evehictreshohddse ABYil i5DHIE [ BAIDOBEANTBEMRS dcbRofld fEMEREILS and

anplitude of carrier bands change during the lifetime of the satellite. In
some of thevidnbldedreriess ot Hearhr sdheflectonlonén Aapatndly proghethiishitestarm a

ground statyQp. X} ant gﬁemﬁét%ﬁfog?élf gl{% BLLARS %-nomﬁn!eﬁ%‘é hlcANe %%o%ﬁﬁ gﬂ?eg in

any satellite payloa al processor architecture

| ar ger bandwtedtibnchambaeised s giyvivdedh ilndbich inuniseirabdé tonammowbandncdkannel s.
Particularly, the renoval of frequency channels conprising interference can
be appliedséﬁ‘a oth a digital beamform ng network architecture,

15
The interference removal unit 19 may be implemented as a control algorithm in the
signal processor 17. The control algorithm may comprise the signal level
thresholds. Alternatively, the signal level thresholds may be retrieved from a
memory stored elsewhere in the satellite payload or on ground. The control

20 algorithm for carrying out the interference removal may be implemented using

hardware, software or a combination of hardware and software.

As an alternative to the interference removal unit 19 being provided in the signal
processor 17, it may be provided between the demultiplexer 16 and the processor
25 17. The interference removal unit 19 may set the amplitude in the frequency
channel to zero before the frequency channels are forwarded to the digital signal
processor 17. As yet another alternative, the functions provided by the interference
removal unit 19 may be shared between the demultiplexer 16 and the signal
processor 17. The demultiplexer 16 may monitor the signal levels of the frequency
30  channels and inform the digital signal processor which frequency channels comprise
interference so as to allow the signal processor 17 to null them. Additionally, if the

digital signal processor provides a beam forming network, the frequency channels



w th phased arrays or an array fed reflector, or in a spatially sw tched
architecture. However, the applications of the invention are not limted to
satel |l it ewpayloo@d®2 The invention can be used in any syscempemowkiigh it is
desirable to renmpbve unwanted signals. The interference renoval unit 19 may
be inplenented as a control algorithmin the signal processor 17. The
control algorithmmay conprise the signal |evel thresholds. Alternatively,
the signal level thresholds nay be retrieved froma nenory stored el sewhere
in the sat ePMPriingapicstedetse nony kyy wamyed Trendsney stighisger remrdfbiringaheyi ng
out the interfer %ﬂﬁ% gpmoyal may be inplenmented using hardware, software or
a conbi nation of ware and software. As an alternative to the
interference removal unit 19 being prOV|ded in the signal processor it

may be proyided between the demulti xer rocess

T o of e IS ar st e e EobuR BEE afrPrfaii: ?Heﬁ&twgwéﬁa channel
to zer osbefc@irfr!iRerfd-eQuensy,vehann@shak i feanvaneedct BatREdeH girtials. akgnal
processor 17. As yet another alternative, the functions provided by the

i nt er f er ené@g Endgdreaypney qk@nﬁ@ly ap@ tahiterde b vesh ageherrrevailthipexer 16 and
the signal CQ&%‘E%%EJ oé%le Jﬁﬁ cafrl%' SN AR %Voerd g Ogaﬂ{ﬂ Aeve' S

of the frequency annel’s and orn1th r gital signal proces
frequency dhahksehsd conpke se ﬁrerﬁlemtﬁtmlssrmramdr@n akdaawo t‘fhthSItgdﬂaﬂnount

processor 17.to null Additionally, if the digital si.gnal rocessor
D vt dos. a COUMAIBHT TR AR AL RaoTlReE s HHer SEBnprar i
i nterfepence may be renoved when beam wei ghts are applied durlng t he beam

form ng process. Mreover, although the invention has been described with
respect to ‘Bhily chebanexwares ef thei iy rioss e deee devabedahe arars dlethappl i ed t o

narrower b%\ﬁc‘ﬂ'n%@s & K8 Sene plexgan t%mts%dfl{o‘?%ﬁ{k%ytoc[ﬂ?’égﬁlé&eé‘”%é he

|nterfer|ng Slgna are narrowe e carrier, sone O I nf ormati on
carried by 1m¢te1t1oarcbub1rth@mfoﬁdaesm@dneﬂ'thé s pteemagans beoud bt gppatctaccdmake t he
frequency cﬁann B 4narf over in order to reduce the anount
ose s 11 ed in the art.
15
For instance, although the analogue pre-processor 7, the analogue-to-digital
converter 8, the digital processor 9, the digital-to-analogue converter 10 and the
analogue post-processor 11 of the satellite system have been described to be
provided in an integrated processor, the components could of course also be
20 provided separately. Moreover, the components have only been described to

provide an example of a system in which the invention could be implemented and

the example should not be interpreted as limiting.

Additionally, although the invention has been described with respect to a satellite
25  system, it should be realised that the invention could be used in any system for

processing signals in the digital domain.



of information of the carrier that is |ost when the interfering signal is
renmoved. Wil st specific exanples of the invention have been described, the
scope of wbeoiomesdti on i s defined by the appended cl ai necampmotositissri ted to
t he exanpl es. The invention could thereg re be inplenented in other ways,
as woul d be appreciated by those skilled in the art. For instance, although
t he anal ogue pre-processor 7, the anal ogue-to-digital converter 8, the
digital processor 9, the digital-to-anal ogue converter 10 and the anal ogue
post - proceddaimg 1 of the satellite system have been described to be
provided in an integrated processor, the conponents could of course al so be
provi ded separately. Moreover, the conponents have only been described to
provi de an lexanpippacftuat@ystaediiicrrommehicithen syswentcdoorpreogt d be i npl enent ed
and the exanpl e shoul.d not. be interpret as |limting. Addjtionally,

B hough e | ST G HASi Bekht DSEIT SR aoeRy HEpBg: B MG The

systen15its@@@y&gnp@gﬁgahégggukgggxkhg i nvention could be used in any
system for proceSS|ng signals in the di%ital domain. Clains 1. Apparatus for
?

I
a satellite comiifineaei gangiysicethlcasbape Fistng oy mbanec! oo thaphialéy Phg a
plurality ?&qL&%%H%BSMd?P@B@%E%.qﬁ%H%hﬁQL@ﬁfﬂ froma signal conprising one
or Ui deft | yi ng at

or nore carriers; neans east one frequency channel of
the plurality ofmdanedoeroypvetmatrelt seasonmps idshnfed hqudrey eha@jel dnthraglans f or
removi ng the at | east one ide?tified frequency channel before the one or
more carri 7§ AP SABITRA SR ar at us according to claimany one of the
precedifg clainms, wherein the neans for nonitoring is configured to nonitor
the signal level of the plurality of frequency channels and the neans for

i denti fyi ng- ar e ‘vmfiatguredrdisg it el Ry PRe oathq pgsedippelafpeglndy tkhannel

in responsg,d,qs 461 GLM LAY L RAkLAR 1 H0& o @Y &lgnQf 1ebd%rahe plurality of
frequency channels and the means for identifying are configured to identity the at
least one frequency channel in response to determining that the signal level of the at

15 least one frequency channel exceeds a signal level threshold.

3. Apparatus according to claims 2, wherein the means for identitying provides

a spectrum analysis function.

20 4. Apparatus according to claim 2 or 3, wherein the signal level threshold is
determined based on an expected power profile of the signal comprising the one or

more carriers.

5. Apparatus according to any one of the preceding claims, further comprising

25 areceiver for receiving the signal comprising the one or more carriers.

6. Apparatus according to any one of the preceding claims, wherein each carrier
of the one or more carriers is demultiplexed into a plurality of frequency channels
of said frequency channels.

30
7. Apparatus according to any one of the preceding claims, wherein the signal

comprises a plurality of carriers.



| east one frequency channel exceeds a signal |evel threshold. 3. Apparatus
according to clains 2, wherein the neans for identifying provides a

spect r umwoabygiososbuncti on. 4. Apparatus accordi ng to clparmr2010n05843 wher ei n
the signal level threshold is determ ned,based on an expected power profile
of the signal conprising the one or nore carriers. 5. Apparatus according
to any one of the preceding clains, further conprising a receiver for

recei ving the signal conprising the one or nore carriers. 6. Appar at us
accordi ng o any‘Rmetef aqchedipg éeeay Age ef dicitrecwiies e eadrdathy eeaf the

one or mor oPPérﬂdéxﬁﬁgtHe 1dg1$tmr%%ltzltmia%)t(gg%'f&hp%rgzlywhgﬁﬁél it Xl?egﬁblfertSQé{’EQQé’at

channel s of sai quency channe atus according to any one of
the precedilagt chatmguensheheim! theulipgnal focenprdses @ spidusad ot yoof

carriers. 8. par at us accordin y .Qne of the preceding clains, wherein
t he means FB@Q?%HbVWHQQlﬂgrgﬁﬁﬁf‘Wpﬁﬂsﬁg‘?Qﬁ?t one frequency channel is

operabl e to renove at |east one frequency channel demultiplexed froma
carrier of sald one or nore carriers to renove interference within said
carrier. 99 Appdrriuateordnrade Foie falhesin Wirerws oF PRE GYidceomirse 2

carriers compiiSed 2. e%gﬁ)%l@e??ﬁ%ﬁ Bf ﬁ% gedd 2%9%‘1’51@% % %ﬁl?efs r%&lﬁ?}éency

channel s conpri ses nu ti e ue cy c ann exe omsaid
br oadband dﬁxwbmnwﬁmhedméamghﬁoamddwmnmm@whemﬁ@ndamhmguﬂedn&nmﬁénove at

| east one frequen chan fron1sa|d It| e freque nnel s, before
RNt e s SRR e et A AN TR

7, wherginnthe mehgr cHARNeN IH gk hBe agrrlkﬁa%f&ﬁﬁdl dentified frequency
channel is operable to renove at | east one frequency channel | ocated

adj acent to a carrier. 11. Apparatus according to any one of the preceding

cl ai ms, whepei ”q@%rﬁﬁégﬁoﬁl%é@g}y bH?PF Hﬁm@‘}l k&asLn O hdeRLG s

frequency chann I's configur to nu
removing the at least one identified frequency channel is operable to remove at least

one frequency channel located adjacent to a carrier.

15
11.  Apparatus according to any one of the preceding claims, wherein the means
tor removing the at least one identified frequency channel is configured to null the

identified at least one frequency channel.

20 12 Apparatus according to any one of the preceding claims, wherein the at least

one frequency channel comprises more than one frequency channels.

13.  Apparatus according to any one of the preceding claims, comprising a digital
processor arrangement comprising the means for monitoring the plurality of
25 frequency channels, the means for identifying the at least one frequency channel and

the means for removing the at least one frequency channel.

14.  Apparatus according to claim 13, wherein the digital processor arrangement
comprises a demultiplexer for demultiplexing the signal into the plurality of

30  frequency channels and a multiplexer for reforming the one or more carriers.

15. Apparatus according to any one of claims 1 to 12, further comprising:

a demultiplexer for demultiplexing each carrier of the one or more carriers



identified at | east one frequency channel. 12. Apparatus according to any
one of the preceding clains, wherein the at |east one frequency channel
conpri sesworom/tob@p one frequency channels. 13. Appar at peTaPe@0@53193t 0 any
one of the preceding clains, conprisinglg_digital processor arrangenent
conprising the neans for nonitoring the plurality of frequency channels,
the nmeans for identifying the at |east one frequency channel and the neans
for renoving the at | east one frequency channel. 14. Apparatus according to
claim 13, whereplnralineoditgileicy shoe®ssor arrangenment conprises a

demul tipl exer fary ?%Fg(%l%r?é%sggr gé}eprfé'ké%%' th@%r%q&&%x%lhgﬂr@élé by Of frlgguency

channels and a nmu or reformng tHRe one or re carriers.

Appar at us accor dimgltip@xanjoronerofingthal qasridr romtBe pferesdedrcheongs.i si ng: a
derul ti pl exer for demultiplexing each carrier of the one or nore
carriersinto a plurality of frequency channels; a digital signal processor

for progessikng tA}pafdieau@Qeyinghaonehss, *Reketh Mél dikipdl @¥@hl $@keds6f ormng the
carrier fromthe processed channels. 16. @pparatus according to claiml15,

wher ei n t heodipgiseathegnegmalioprosEessg. Beifsrips & ntifdngrphgcrey fArgAMPBIIENg,
means for kﬁgﬂ&kﬁxk@gt@gﬁ(gﬁqﬁﬁwgg&7&ggg&ing the identified at |east one
frequency channel. . satell1te ‘comuni cati on system conprising the
apparatus of any one of the preceding clains. 18. A nethod of rejecting
interferengg in a s%%ellite conmmuni cati on system co rising: nDnit?ring a
plurality f r eGIRRGY CHARHRICY SR PICRR BT B JRT APAYHAIT @BRBPF & one
or nnragca@ﬁ&ﬁaﬁg digentifying at | east one frequency channel conpri sing
interference; and renoving the identified at | east one frequency channel
before reform ng the one or nore carriers.

18. A method of rejecting interference in a satellite communication system
comprising:
monitoring a plurality of frequency channel demultiplexed from a signal
15 comprising one or more carriers;
identitying at least one frequency channel comprising interference; and
removing the identified at least one frequency channel before reforming the

one or more carriers.

20 19. A method according to claim 18, wherein identifying at least one frequency
channel comprising interference comprises determining whether the signal level of

the at least one frequency channel exceeds a signal level threshold.

20. A method according to claim 19, wherein the signal level threshold is
25  determined based on an expected power profile of the signal comprising the one or

more carriers.

21. A method according to any one of claims 18 to 20, wherein the one or more
carriers comprise a plurality of carriers.
30
22. A method according to any one of claims 18 to 21, further comprising
receiving in a receiver of a satellite communication system the signal

comprising said one or more carriers, wherein each carrier of said one or more



19. A method according to claim 18, wherein identifying at |east one
frequency channel conprising interference conprises determ ning whether the
si gnal | ewel2omf108d»e at | east one frequency channel exceeds/Ee2siogsaks | evel
threshol d. 20. A nmethod according to clgjm19, wherein the signal Ievel
threshold is determ ned based on an expected power profile of the signal
conprising the one or nore carriers. 21. A nethod according to any one of
clains 18 to 20, wherein the one or nore carriers conprise a plurality of
carriers. Z2triess etohpdtipleewst dich g ul éplaniedopecyothagndb o saig plyaby off ur t her
conpri si ng g ecel '&gngg&a receiver of a satellite comunication systemthe
signal conprising said one or nore carriers, wherein each carrier of said
one or norecarriers is denultiplexed into multiple frequency channel s of
said plural,,ty of frequency,channels, 23 A nmethod accordi to claim 22,
wherel n rerdui ng PREGEERETHIBE Qe 220 "GHE FPEQUENDY ML REITAGHDT | sos

renovi ng atonleqaeslhe@@ecﬂahﬁamcpﬁs@haame&mgi@mh;tiogﬂeerx&ﬁ;eﬁé;oma@naarri er of

said one or nore carriers to renove interference within said carrier. 24. A
net hod acceetivhglesdaigmoneraer ¢f wichenaer PereArriegrtoHemor s peifsichge
denultiplexﬁggngﬁgaaﬁggrier of said one or nore carriers into nultiple
frequency channel's of the plurality of frequency channels; processing the
frequency channels, and after the identified at | east one frequency channel

w L Lt er et ence, fas been [emved, Lol LIS NS SALALE S SmLbe

10 demultiplexing each carrier of said one or more carriers into multiple
frequency channels of the plurality of frequency channels;
processing the frequency channels, and
after the identified at least one frequency channel with interference has been
removed, reforming the carrier from the processed frequency channels.

15
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