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| NTERFERENCE CONTAINED WTHI N A DI A TAL CARRI ER (0001] This application
clainms the benefit of U S. Provisional Application Serial No. 60/361, 493,
filed March 4, 2002, the contents of which are hereby 5 incorporated by
reference. ¥PEFH# THE | NVENTI ON [ 0002] The invention rBCEUSS/08883 det ecti on
of interference and noise in a transmtted signal. DESCRI PTION OF THE
RELATED ART 10 [0003] Interference (including noise) showing up in-band to

a transm tt%fﬁé@iﬁé&@%‘gw%?g C’ﬂé?ﬂl\ﬁs N%ﬁjmuni cation

systens. For exanple, Tn s communi cation sys@ems, interference can
be caused by, but is notWITHIN ADIGITALLARRIER degradati on of

cross-pol ari zed signals, adjacent satellite traffic, locally received
terrestrial signals, or an unauthorized transm ssion. In many cases,

i nterferengeotpThlRe %Qaﬁ’&rc\laiﬁ{bmeib@hﬁﬁttpﬁ@.Sdﬁ&@ﬁfonalh@ﬁﬁ&ﬁi%n its inpact on the
recei ve qual |_t¥vof F e transmtted digital carrier can be significant.
OC

[0004] The SHdd Noc M d pipled Marrhido 20 Be pentenseltéchprebesehye of interference

is to benpRbablded byedlNfcd he service (the transmtted carrier) and inspect
the received power “spectrumw th a frequency analysis device such as a
spectrum anal yzer. Al though this 20 approach can be effective, it causes a

service in r i | ast for many hours. In sonme cases,

interfer en%@élr[g{}hﬁlhgmé&m and the service was interrupted
unnecessarily. 29 Septenber 2006 WD 03/077488 PCTI US03/ 05823 BRI EF SUMVARY
OF THE | W%b]o}lhe invention relates to detection of interference and noise in a transmitted

signal.

DESCRIPTION OF THE RELATED ART

10 [0003] Interference (including noise) showing up in-band to a transmitted carrier is a
common problem in wireless communication systems. For example, in satellite
communication systems, interference can be caused by, but is not limited to, isolation
degradation of cross-polarized signals, adjacent satellite traffic, Jocally received
terrestrial signals, or an unauthorized transmission. In many cases, interference can be

15 very difficult to detect, however, its impact on the receive quality of the transmitted

digital carrier can be significant.

[0004] The most common approach to determining the presence of interference is to
temporarily remove the service (the transmitted carrier) and inspect the received power
spectrum with a frequency analysis device such as a spectrum analyzer. Although this

20 approach can be effective, it causes a service interruption that can last for many hours. In
some cases, interference is not the problem, and the service was interrupted

unnecessarily.




[0005] The invention includes a nethod of and an apparatus fgﬂ!g@ﬁﬁﬁﬁpéﬁhOOG
and measuring noise and interference, which is in-band to a receive

comuni cations carrier. To alleviate drawbacks to conventional approaches,

the applicant has developed a non 5 intrusive interference detection and

noi se measuV@M¥AT*¥pproach. Wth this approach, interfePEREESIN0I se can
be detected and neasured w thout taking the carrier out of service.

th r i t he conmuni cations circuit (the
F?ggg;{tte33%§§§#é§$ﬁﬂéfQgﬂﬁygﬁﬂﬁﬁggg#FIn one aspect, in-band interference
in acarrier signal in a connunicatifn system 30 ;s Qetecyed.lA s*ggal i's
uired i [XaTo .carrier sign angd an inte ring signal. .
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carrier. [f@Zhd interfereatd) @zrhica?.:pfﬁcﬁa?d ® :sﬂg@mg citn‘ﬁmuﬁi@amledaméﬂélr%le ; gd, B?ingd

igitized. cimation.is then . perfor n e signal res :
giqgialt: sgti oaﬁggﬁ%% é"%ﬁ%}ﬁl%%?qn(’ff‘f'“z?g aB%‘P%T%F ap?‘??é?‘é’ﬁggi’“&mﬁllﬁn% error
vect or tShatininssivedpedaene dstestnahd hbige Ihgﬂsﬁéﬁ%taﬁp‘xﬁa&:. @th{ th_isjaﬁprlfch.@l?g]w'S goﬁ’et

t., a recei.ver acquire igital signal. si gha

Condi 1 ona REUI TAroE GREF Settn spdsteee Cuuier Bons (e BLaF { or ma.an
error vect gervideaRathes the @ia@s@iéndd dry B1a8 wiile thédoRrh @i @A6H Fic@inghe | NCl uded in
the carrier_si .nt%#aééeor%Q . These and ot her aspects are described in nore

detai | her /™ PTI ON OF DRAW NGS 20 [0010] FIG 1 illustrates
a flow di agram showi ng the main processing associated with this invention;

011] FIG a detajled flow di.agram of the processing associated
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rfering signal is extracted from the carrier without interrupting the carrier.

[0007] In another aspect, a signal is received, filtered, and digitized. Decimation is then
performed and the signal resampled. Blind equalization and demodulation are performed

thereby forming an error vector that is representative of the interference si gnal.

15 [0008] In yet another aspect, a receiver acquires a digital signal. A signal processor
conditions the digital signal, and a blind equalizer demodulator forms an error vector that

is representative of an interference signal included in the carrier si gnal.

[0009]) These and other aspects are described in more detail herein.
BRIEF DESCRIPTION OF DRAWINGS

20 [0010] FIG. 1 illustrates a flow diagram showing the main processing associated with

this invention;

[0011] FIG. 2 shows a detailed flow diagram of the processing associated with this

invention; and

[0012} FIG. 3 illustrates a system in accordance with an embodiment of the present

25  invention; and




[0013] FIG 4 shows a graphical display that m ght be displ amobéﬂem%qqoos
of this invention. DETAI LED DESCRI PTI ON OF | NVENTION [0014] FIG

fl ow di agram of a process 100 in accordance with an aspect of the 5
present inveniton. A signal, which contains noise and interference, is
recei ved i nvQ0¥PEHS 101. The si gnal is down-converted t 0 PEFUBH0sR2Aedi at e
frequency (IF) and then digitized by a sanpling device, -in an acquisition
step 102. The dl}%ltal sanples are stored in nenory for further processing,

al s0 in t hdOB3JiTG 4 shovys eteeaphicaldisplayithay mighs b%?’éPléer e augsr eEthist he signal is

processed tigvafigate a re-sanpl ed baseband version of the received 10
signal, in a digital formatting step 103. Using this re-sanpled baseband
signal, an equalized error signal is created, in an interference

pr ocessi ng BERALEMDESCR PTEON OF IBIVENIIIONI s further processed to create a
power spectrum of the underlying noise and interference contained in the
received carrier, also in the interference processing step 104. This power
spect r um ofl08 ¢ FiGi kehoand flowtdagiam efhcprocan] fen seasianedvithom dspdceotithe i ng

si gnal s sas

0..t he user an output step 105. [0015]
Fl & ° 52 et iRt KB R Bl Rol® HlaspeuBibe DR ebived b iidance with
an enbodi @it Thdé mgrhk:s;dpwsem'uvetteu/mmh|1mmneﬂmte|fmqu¢nc§ '(]Qma‘x{d thaydigigzed radi o
frequency F from an antenna l.t.ernatjve t he i nput signal may
be any con%gr?i)sglgﬁﬁ%n&&%ﬁ%fm ACARISILIQD SEp égﬁ?e f‘%télrlsd“ﬁp%éamlﬁfm B i crowave
or optical mmryﬁﬁﬁﬁiherﬁcesang,Ialsuatuhaaaplsammpem 404ing ihe S@FQr dance with an
enbodi nent Sgg;l thgl_ﬁlpreslﬁl i nventi on dztem 400 detects and neasures
i n-band i nt&rrt N, élplf?8‘ars§eé“f’ﬁreétr‘?“?ﬁ”§‘ﬁﬂ hagrpand vession of theresfitednce with
t he metllod sighalfin@ digital ftmittipgisters 1030 AsirgQifis tSsampRABRIEBELJ IR, an Sat el i te 401
by a satelll‘}l?z Jash 402.. . The m&ut .signal 407 nay be transmtted by neans
ot her t han SfHRlizedgror pigpal igsapted; M ipje ije‘lfﬁﬁ’r%ﬁgtsmﬁlsﬁ??tl% Thds errar gignd 25

~ transm tt eis futh&phdc@sstd RSk 4 ®iwer SpeC@rh oftﬁ%ﬁderlﬁngh&'é@m\ﬁﬁtcltf&‘@:%m tter, or
an optical transmtter. The input signal 407 may be received by neans

ot her t han °Panedindpq freeivedicamer, aJeqm the, ifenigrenes mfe@esmﬁ sten Hidt ddistpowen
antenna, aspicEhMWRR ndiss Bnd ifferfRn@Rkh 6&UnessBfe8 fo8hterfering signals as well as

15  displayed to the user, in an output step 105.

[0015] FIG. 2 is a more detailed flow diagram of a process 200 in accordance with an
embodiment of the present invention, An input signal may be a radio frequency (RF)
signal from an antenna. Alternatively the input signal may be any communication si gnal

in any frequency band i.e. RF, IF, microwave or optical.

20 [0016] FIG. 3 illustrates a system 400 in accordance with an embodiment of the present
invention. The system 400 detects and measures in-band interference and noise in an
input signal 407 in accordance with the method of FIG. 2. An input signal 407 is
received from a satellite 401 by a satellite dish 402. The input signal 407 may be
transmitted by means other than the satellite 401, including but not limited to a radio

25 transmitter, a cable transmitter, a cell tower, a microwave transmitter, or an optical
transmitter. The input signal 407 may be received by means other than the satellite dish

402, including but not limited to an antenna, a microwave dish, or an optical receiver.




3 29 Septenber 2006 WO 03/077488 PCT/ US03/ 05823 The prese”tng%ﬁﬂbh&%thoe
applicable to any systemthat communicates a digital signal fro a
transmitter to a receiver, regardless of the nediumor the carrier
frequency. [0017] Referring to FIGS. 2 and 3, a receiver 403 nmay convert
the input SWQAHP77#87 from an RF input signal 407 to an PETABGNEE23in a step
201. The IF signal nmay be at any 5 frequency that makes the foll ow ng

re accurate. The _receiver 403 may further

detection sjnpl er, cheaper, IglF?bED

filter and %’*P"%lh@"?“g'k)éﬁp © 1049y AYstemyHRicgenaunicaiss @ digHelpigneldram  t he

i nput si gnad udlBrhitieP o rSdeBir, 2 dlébefﬂh@eeumﬁ{orﬁ%aﬁeyfr@dhgf the input
na

signal 407 with a band-pass lter to limt the I nput’si 407 or its

repr esent at to the carrier and its npdul ati on. An anpl |f|er W th
automati c g@‘f? 1R5{errB8 PrRIGS atifndsh a {58 vIADd mayeon el the inpwsignal 97 flput si gnal

407 or i t'S aneRPF BF@RIgALI02 10 & BQignhl ihBees bOP ARAF sk hdydidla Siyonal 407 nay
be nmplified to take full advantage of an A/ D convertér in the recei ver

403. The“ ATEFPRGH et Pafesithe feligrang defeqtion piaiplcsroheapes or mRErRceusete T anpl i t ude
bandwi dt h irgceisee 03 hPkRher FiM@r A¥dd H@fe@eﬁ lof a i neﬂ Wﬂna{ 1@9 ﬁ%&gntatpvre%guces a

digitized version of the filtered signal . verter may sanple
the | F si griBe inggt signah 404 iremetop 242. |Téla§qcelmﬂ<9é mahélltmsthc mqmmmﬁwmm hi ghest

frequency ofand-pisstifstio hﬁnﬁ%fvﬂ%{%ﬁ% 4?*/ Bplté\%glgéeﬁau% fohﬁé) er anc} %0 ugh anot her

sanpl i ng frequency may be used igitiz ver sl on o signal is
t hen st or ednegyl aﬁ%nébéﬁ@‘!ﬁﬂl@@th japtomatic gan ol ﬂﬂmeada,tsbme 1esze1eqf$heznfbfe2104 may

conpri s@ t hgpur dgrHilE? h@'} et eRatideal 193 Ae%t%)%oz[ ut%é%'af’@g%a@@ﬁfgffere a0

may anal yze 't he snaps {0 CAfculate parame
the i nput Smphfied wm%elfﬁbﬁdydmtn@ ofanb\dladvnvdtttrlmfhetrammﬂmt Thegipl 407, a

center fre@H%ﬁ¥r19% ]%eﬁtgdl H‘%mﬂa p@hen%g full an;s%m gm}@tﬁhm tpe I nput si gnal

407, anplitudes r|er |nes requ rier |ines,
and WHXIHUES of the carrier |ines. é[50020 In a next step 205 of the
~ process 2069911 pBed/Depatarien i e stemd)ls prgedror dighized sersiombiihé fitteed By t he

signal proGRasoThd A cdivbidrthas sRAYE theIRSEhl %@fr@cﬁl\éngeat fealiG¥laked and

15 frequency of the highest frequency of interest in accordance with Nyquist’s theorem,
though another sampling frequency may be used. The digitized version of the IF signal is

then stored as a snapshot 408 in a step 204. The above steps 201-204 may comprise the
acquisition step 102 of FIG. 1.

[0019] A signal processor 404 may analyze the snapshot 408 to caiculate parameters
20  representative of the input signal 407 including, a bandwidth of the input signal 407, a
center frequency of the input signal 407, a symbol rate of the input signal 407, amplitudes

of the carrier lines, frequencies of the carrier lines, and maximums of the carrier lines.

[0020] In a next step 205 of the process 200, a power spectrum of the snapshot 408 is
calculated by the signal processor 404, Multiple power spectrums may be calculated and
25 averaged together, to create a spectral density periodogram. The power spectrum may be
calculated using conventional Fast-Fourier Transform (FFT) methods, for converting the
IF signal from time space to complex frequency space. Other methods beside FFT may
be used to convert the IF signal to frequency space. The power spectrum or the spectral

density periodogram may be displayed to user at this time.




25 averaged together, to create a spectral density periodogr
spectrum may be cal cul ated using conventional Fast-Fourier %@a%%%nﬂ? 6
nmet hods, for converting the |IF signal fromtine space to conpl ex frequency
space. O her nethods beside FFT may be used to convert the IF signal to
frequency sWa&I748e power spectrum or the spectral den®CTASEPOS$208dogr am
may be displayed to user at this tinme. 4 29 Septenber 2006 WD 03/077488

PCT/ US03/ 0 [Q021) The . input signal .may be a nodyl ated carrier. The
center fregﬁéﬁéyﬂﬁﬁﬂgutﬂﬁ?ﬁﬁﬂaggﬁaF@g\gia%ﬁdc?rﬁ%“ SQFF?‘E?I%IW&@F“%&%I cul ated by a
si gnal prodesdwikthABAV) df the cairRPmaPBe calculdag! Hyfh%i%m@wbccs@eﬁ@f iggﬁl s@kr[p Jobe

r :

spectral densi t%éperi odo[g{ am of the IF signal om ste[E 2 f the center
frequency alitieHFPOBEhERFTHM OLtre srerirad deRsitk Repdosmeb therll sigdl frophtes st eps

205 and 20€06R¥f thecsater BBQEncy 28 2lbakdeiBihtaRealeeM) Blowh! RSB hePlnet e carrier

is known down-@sonverti ng_ of snapshot 408 to t'he baseband of the carrier

may be per fSEPHEP 34 296 83y PoskipRedt he si gnal processor 404. The snapshot 408
may be further filtered such that the signal is limted in bandwidth to

that of thqotesahe thesk@tatequétlc§ Of o catiens Bihvn, BbWA-B&iverihp 6r siapRsNot 408
| so_in a step 207. Decimation may be perfornmed at a

may 10 be i mat ed )
frequency %ﬁg I“ggggase'?%fj@éthﬁﬁ@?rr%mﬁoﬁcdt‘ﬁé‘%?@mg € §i gead) propRs§orof
i nterest i AOACTRY Giaphr 408 tnkhy My Guinst filered REPIHEMhe [iQQ2R1inkRG garri er signal

may have It%@l@ ‘g%rarier lines, In a step 208, information about the
carrier suCRPRED At of thh Rasebandisignal. alég irexier307; Furthenyshe snapboud mayequency

of the 1015 be aediinated his§R% ER20PEDE@MaHEhE be pﬁﬁhﬁnédféf 9%%%%&\6 Her%é/tt be

cal cul ated by perform ng magnitude, square, ‘cube and ransf or ns
on the sigh¥ice Eﬁéfﬁﬂ%@w‘r% ghasefrequendyl inserest 00R49rdaRiee with Nyquistds  of t he
anpl i tude apdrd{ equency of the carrier lines may be used to determne the
nmodul ation of the digital carrier and the frequency in a step 209. By

[0023] The carrier signal may have multiple carrier lines. In a step 208, information
about the carrier such as symbol rate, and estimates of the amplitude and frequency of the
15  carrier lines may be calculated. This information may be calculated by performing

magnitude, square, cube and quad power transforms on the signal and recovering the

maximums,

[0024] The estimates of the amplitude and frequency of the carrier lines may be used to
determine the modulation of the digital carrier and the frequency in a step 209. By

20  inspecting maximums of the carrier lines, the modulation of the carrier may be
determined. Using information about the carrier frequency, any down-conversion error
in the decimated signal may be removed in a step 210. For example if the baseband
signal is offset, it may be recentered such that any offset in the carrier frequency is

removed.

25 [0025] In a step 211, the carrier signal may be re-sampled by the signal proceésor 404,
such as at a sample rate of two samples per symbol, and a resampled signal may be an
output. This sample rate may be determined from the symbol rate calculated in the step

208. The above steps 205-211 may be performed in the digital formatting step 103 of
FIG. 1.



20 inspecting rréxi muns of the carrier lines, the nodul ati on gj @ﬁeﬁ%é’rlﬁoe
may be determned. Using information about the carrier frequenc

down- conversion error in the decimted signal may be renoved in a step
210. For exanple if the baseband signal is offset, it may be recentered
such that any offset in the carrier frequency is renmpved. 25 [0025] In a
step 211, the carrier signal may be re- sanpled bylthe Zlgnal proregsor 40ﬁ
such as at of t S ynbo and a resanpl ed signa
may be an @Bfﬁg[ﬁlbﬁ’l% ézﬁﬁ?ﬂn%? P%{C’gahi’{/l 5 R S50 VESiatie symbol rate
cal cul at ed rb;lsreiehanset €Mhe idREered i @AY eheShRARS: gﬁeﬁiﬂ?ﬂxﬂa 82198 TRR'lepr med in
the digital rmatting step 103 of FIG Sept enber 2006 0026] A
bl i nd equalﬂr‘i escpgﬁgagyeg{o&,thag@gy haaysee @{ﬂug@feeth%‘wt@ﬁere@pe signal et is frathe i s

r epr esent atinpig sighal to® Ara;g%fmmﬁﬁcaﬁbrg@@demlrﬂoduﬁ%s a'l%%r%%m 407 in a step
212. This step . produces an error_vector that may be used to calculate the
i nt er f ePendBNYNIYHE SRS to arepgivarh i suphpdigital isptem, Mﬂﬂsymomag idiserete

conmuni cat |l%l§¥%ﬁ§muﬂpﬂidycﬁ‘tpﬁz§se§t\QﬁEﬁ{hQE 48 moiflaga ¢ A3BRBri ng symool s to
a receiver. In such a digital system eac |scre | evel s of
anpl i t ude alsEedHatgrdiSds @tdewnn@h thelevebsaat whigh thes;airmduhmdautedAItgioed thmf t he
denodul at on carrier

nodul at ed. bt dog%ﬁr&lﬁﬁh%ﬂﬁ%ﬁfhﬁg&%gh@{%s VFTe}érﬁi nc gggn%?neﬁ% m)dul ation
| evel s and vestenthataepresents thegliffarense bawecmth@tmﬂalgdmaiazrdammﬁzfsﬂtes sighs. di ffgr ence
bet weengt h Sur sign ent uesse

nodul ap |Oon€1ﬂlhgl\p/£ehlte aéasﬁ%urgé bagitg g%fg{;@are i uﬁ%&gg’ nélﬂg%‘ﬁ%f’re“foﬁ (i ggcé’d on
error vect &@HOTM@tgueﬁchwmbmmmn let\elsemcoammouﬂ;nhdjwanﬁitﬂ/thﬁdms'él efj t
until the nim ze 0 e nodul ation
has conver g%ﬁg%n%é;ﬁg&ta@h%ds alb‘%i&p i ﬂ? ' g‘?a“toﬂgaﬁ %’Q}?é"’lr d n[h&‘ieli‘ﬁ? ng

deci si on dinray vas Padisst tlrrmlavchs qwb:dmg(dﬁ)ﬁﬂmbzwﬂi)ectearmhsmmts

| glo%\?relnt Pg]ngﬁ@“ttﬁmqﬁhum tgg P’.@é@‘*ﬂ'@%aﬁvﬁ% %@%’%gwﬁé’e‘hab&rﬂgﬁ?cul ate the

synbol $5i n Conventlonally the blind equalizer demodulator 405 is used to calculate the symbols in

t he

the input signal 407. Here, the output of interest is the error vector as opposed to the

prior art where the output of interest is the symbols.

[0027] In astep 213, a first M éamples are removed from the error vector to produce a
new error vector. Depending on the quality of the initial first guess, the first M samples

20 may have large error vectors that do not truly represent the noise and interference in the
input signa1-407. Before the blind equalizer demodulator 405 converges in the step 212,
the first M samples of the error vector may contain errors. The DC bias of the new error
vector is removed in a step 214, by subtracting the mean of the new error vector from the
new error vector to produce an in-band vector that is representative of noise and

25  interference in-band to the carrier. Any processing artifacts may also be removed in the
step 214. The power spectrum of the in-band vector is calculated to convert the complex
time representation of the in-band vector into a frequency domain representation, in a
step 215. In a step 216 the spectral properties of the in-band vector are measured such as
center frequency, BW, power, C/N and detected interference energy. The above steps

30 212-216 may comprise the interference processing step 104 of FIG. 1 performed by
signal processor 405.




the input signal 407. Here, the output of interest is the errgr
opposed to the prior art where the output of interest is thezgs?/ér@%h%er%os

[0027] In a step 213, a first Msanples are renoved fromthe error vector
to produce a new error vector. Depending on the quality of the initial
first guessYOOH¥7#%8rst M sanples 20 may have | arge erroPCUEB®BO3t hat do
not truly represent the noise and interference in the input si gnal 407.
Before the j ual i zer d dul at or 405 converges he st 212, the
Frrot M oarfasl P Rebdiini ot PR b erlay b aeenEor & HaHEBEObIgt of tne
new error wedisplhy 486 fop pRseachtibmioa wtdp azﬂaﬁ,mizyA@umxrsgedtﬂuﬁgofmwnman of the
new error vector fromthe &ew e(ér or vei:ﬂgr to produce an in-band vector

that is repstRddiy=1rles tHee A 8 E1G fy mpk als %Fq"éﬁoé%‘élsﬁlﬁ’ Paskoinstethe carrier.

Any pr ocesSoRIFatHelhate tBe dFBMralhBPerli: df@m%gvécfbrtrﬁ]ﬁ be $&rR Ry B displd € Power
spectrum of the in- band vector is calculated to convert the co ex tine

repr esent atienOBeT ¢ aiRnyragrdioe the G‘Fg‘tﬁlrﬁ‘%lahmﬂf @m@rﬁfé&‘ tg) H’mﬁlsﬁlay 406.

repr esent aﬁb@g 5&2‘? In_a step t he spectral properties of
the. i n. bandOQkabF sygres ﬁéuﬂguéwaaélsoeéwﬁlé?ntfalrléw@ﬁwtfBW Wather, O N
and det ect @do b F1ey. b ar®Nstfe ?Ehefbﬂcwis T s %a?B@f?ﬁ)léﬁ’en?eﬁgngQrﬁwﬁmy conprise
the interference proceSS| ng step 104 of FIG ™1 perfornmed by i gnal

processor ApYor sgftfyassg Theg pys ?Y%wlemmcém@#wwmﬂ(%o@mgszs [0028] A
power spectmpigneited WEh SUstoM el@ohQs., such as a trace 302 in a FIG 4, may be
sent to a display 406 for present ation to a user in a step 105. A power
spectrg@ of the input sig such as trace 301 in FIG 4, may al so be
sent t d%t h&OG0L Fpbig 14’%3’55}@6“13??0@9%(3 Fitabyerformatore, the spectral
properties of the error vector may be sent to the display 5 406. O her
calcul ations regarding the digital signal may al so be sent to the display
406. [0029] The systemdescribed in FIG 3 nmay also inplenent all the
steps in the flowhart 200 of FIG 2 and Table 1 as follows. The system

" may be inplenented in hardware and/or software. The system nay be

i npl emented in a standard PC and/or may be




I mpl enmented with custom el ectronics.
of FIG 2 in tabular format.
PCTI US03/ 05823 TABLE 1 Functi onal
Down- conver si on From Ant enna Convert RF signal
(201) I F Fr¥Qd¥ATessi gnal Filtering and Gain Control Ban8CTUf3{05¥Bgnal and
Filtered and anplified
Converter Convert anal og signal

| F Si gnal

adj ust
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10 [0030] Table 1 prese
2006 WD 03/ 077
Bl ock Input Description Qutput RF
to I F representation of

signal |evel

f or

(202) signal
Al D Conversion (203) Filtered IF Signal

BossédeniB Rbe

A D
at

|F to digital Sanples of |IF signal T@ntes Snapshot Menory (204) Sanpl es
of IF Sig _ —A-Ile_gaal_ngﬁr_t_t_ure_dau&l
repr esent EPTCB?'Pagé'OCIISSD Co%[}‘?“étion (205) | S&RIPEE of | F KR si gnal _{o
f r equency RPd\wen-cerpersion um 'g r epr es &nmvatt RBrignabioe clt IF adprePertation ¢fon | and
Det ect angeonpasure Center f?’ggﬂ%’??éy and ;Fl\qb@@gﬁ@rrent (&gﬁ}u Power Spe¢trum
carrier ¢—nterest—BWet—earri-er analyze + sighal _
Down- con emtenngraﬁbmm&r@rs] of |F si gnal DORN- (%ﬁ%a;[? rm;ie%aﬁ@gﬁmiiéax si gnal
iF Signal adjust signal leve! for )
(202) signal
A/D Converter
Convert analog signal
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Convert time domain
representation of
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representation.
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maximums

Modulation of digital
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Carrier frequency

Remove
down-conversion error
from decimated signal

Decimated signal




deci mate (207) center frequency and to baseband, filter and r |
and BWegti mati on deci mate deci mated sanple rate Perform ngnlfﬁgm@érﬂ%
Synbol rate, square, cube and estimates of Carrier and Baud Recovery
(208) Deci mated Signal quad power anplitude and transfornms on signal.
frequency oVO&EP¥#8&r Recover naxinmunms |ines Determ ne MBETNSA305%3

Modul ation ldentification Estlmates of anplitude of digital carrier by
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i sa =5 K i
Correcti g rhe(sgﬁluﬂér Sgpi mat ed @I"{?#?&I B dQie-SeDrie earEs R %Eer_?%qﬁ%)ggig t ed
signal Carrier f reguency| fae@nd siewbinas ed sahgaalmbsd 29 [Septe .2006| WO
03/ 077488 PCTI US03/ 05823 [@Gérﬁ@t ed signal, Decimated sanpl e Re-sanpl ¢
carrier t - - I’Yp' e sianal rate land Syrrb()l rat ¢
sanpl es/ synbol of carrier| Equal i ze and | Eaualizeand
) demodulate signal
Equalizer/Demodulator . . . Estimated symbols
Resampled Signai using blind
(212) _ and Error vector
equalizer/demodulator
approach
Remove first M
samples from Etror
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Error Vector . New Error Vector
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filter error
In-band vector
. Remove mean fro i
DC bias removal (214) New Error Vector : m (represents noise and
: New Error Vector interference in-band
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Convert complex time
. domain in-band vector
PSD Computation (215) In-band vector In-band spectrum
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In-band Spectrum
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Equal i zer / Denodul at or denodul ate signal Estimated synbols R |
using blind (212) equalizer/denodul ator and Error vector ap%?g%]%t%ﬂ@ms

first Msanples fromError Renpbve MInitial sanples vector. First MError
Vector New Error Vector (213) sanples contain errors frommatched filter
error | n-baWB%/REHSr DC bias renoval (214) New Error VecPEF/URBHS2& nean
from (represents noise and New Error Vector interference in-band to
carrier) Convert conplex tinme PSD Conputation (215) In-band vector donain

i n-band veqb®] IMGLANIWS REfbRiMNdispRy 306 bEditaR& Yhedaektibn AP pRI@NAL | ON
I n-band spectral neasurenments Spectral detection and |In-band Spectrum
Det ect and Y§Eadtit HaqecRhfepresetelia RIS specHBm theesstved sarasr, anlihe sesst r al

energy BW 3p9¥&feseitéifie pMerQbect dHeeqiolse dnd inRiefch&! GRER aRNAHIN 1o teN- band
Spectrum and Di'splay spectrum and Display (217) In-band spectral
nmeasur enenteseiysd pardempdmthis example, an interfering signal can be seen in the trace 302, which

5  isnot visible in the received carrier trace 301,

[0032] Thus, a technique has been described for detecting and measuring interference
within a digital carrier. The process can be completely blind, meaning that the process
described above will work even when the digital carrier’s RF and modulation parameters
are unknown. The process described detects the RF carrier, measures its RF and

10 modulation parameters, equalizes and demodulates the digital carrier, extracts an error
vector, converts this error vector into a complex baseband estimate of the noise and
interference. From this estimate, a power spectrum of the in-band noise and interference
is created. This power spectrum is analyzed for spectral energy. The in-band spectrum

and measurement results are displayed for a user.

15  [0033] While the foregoing has been with reference to particular embodiments of the
invention, it will be appreciated by those skilled in the art that changes in these
embodiments may be made without departing from the principles and spirit of the

invention, the scope of which is defined by the appended claims.

10




neasurenents to user 9 29 Septenber 2006 WO 03/077488 PCT/ U334,
[0031] FIG 4 shows a graphical display 300 of data that the mv%#téﬁgl?]ern%)ys
present to a wuser. The trace 301 represents the power spectrum of the
received carrier, and the trace 302 represents the power spectrum of the
noi se and interference, which are in-band to the received carrier. In this
exanple, an interfering signal can be seen in the trace 302, which 5 is
not visible in the received carrier trace 301. [0032] Thus, a technique has
been described for detecting and neasuring interference wthin a digital
carrier. ThHesajyigcess can be conpletely blind, neaning that the process
descri bed above will work even when the digital carrier's RF and nodul ati on
paranmeters are unknown. The process described detects the RF carrier,
measures its Rt and A oetodof detpaingperbandeinterfsreneqnal dapréss signa idenodul at es t he
digital carrie et S er .. yact or onverts this error vector into
a conpl ex base %n eirg?n%rl%asggtg%lfco émrr]l ;a-lsees egrS]&E interference. Fromthis
estimate, a power speoiringm signat neluidinghbnchrnaisimabaid annhtertédioenaa)l hdving
created. This power ectrumis t:t,nal élzed bor spectrﬁl nergy. The in-band
spectrum and %‘Eﬁ?éﬁ'@ﬁfn BUdertdratp thappldBe saraer Yol andiser . 15 [0033] Wil e
the foregoing has befuchd e iREERRGRINCHAAT GG bidBRAMNBAS B e
invention, it will be appreciated by those skilled in the art that changes
in these enbof#Aehts nmay be nade without departing fromthe principles and
spirit of the invention, the scope of which is defined by the appended
clainms. 10 29 Septenber 2006 CLAIMS 1. A nethod of detecting in-band
interference i@ a c&heinethod hggoaling o caimcl beiup pedisrired vaghetemosdsdge bSRAg t he

steps of: or modulation parameters of the carrier signal.

3. The method according to claim 1, being performed with knowledge of RF or

modulation parameters of the carrier signal.

4. The method according to claim 1, further comprising extracting noise from

the acquired signal.

5. The method according to claim 1, wherein the communication system

performs as a wireless communication system.

6. The method according to claim 1, wherein the communication system

performs as a satellite communication system.
7. The method according to claim 1, wherein the carrier comprises an RF signal.

8. A method of detecting in-band interference in a carrier signal in a
communication system comprising the steps of:
acquiring a digital signal comprising the carrier signal and an in-band

interference signal having a source that independent from that of the carrier signal,
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acquiring a signal including the carrier signal and an interfgyé¢ i

having a source that is independent fromthat of the carri er%?@%gﬁ%ﬂ 06
extracting the interfering signal fromthe carrier without interrupting the
carrier. 2. The method according to claim 1, being perfornmed wthout

know edge of RF or nodul ation paraneters of the carrier signal. 3. The

nmet hod according to claim1, being perfornmed with know edge of RF or

nodul ati on paraneters of the carrier signal. 4. The method according to

claim1, further. -1 s xtracti noi se..from. t he acqui.red. signal. 5.
The net hod accggrlgh%%gﬂﬁﬂcgs %Plgfi%g fce&dlﬂrégrntg? F’llg{‘iﬁ’eﬁl S Sé%}afl%‘ﬂﬂé Bt per f or ns
as a wrel ess sgnuuni cati on system 6. The nmethod according to claim1,
wherei n the comuni cati on s s(he.m perforng as a, satellite comrunication
system 7. The neth Heg il igital sieepldnglinding {ilteing the digialsignal avd conpri ses
an RF signal. p&forinEddngatih HetestifiBgiopuRandiidtanbengnce in a carrier
signal in a communication systemconprising the steps of: acquiring a
digital signal conp@eEpmgng hgﬁfb%ﬂuﬂll@m@ aethégmaaiutition terebydonhing m exdrer ence
si gnal having - ' 1 h f the carrier signal,
11 29 Sept enbg?&%géqs %E%éeﬂéﬁgﬁ?’??’%gﬂ?”%‘%{ ﬁ?ﬁr %r?@e%%eeéé%?atlfi ng the signal,
filtering the signal and digitizing the signal; formatting the digital

signal includipg filtering,the digjtal. sjgnal, and perforn ng decimation
and re-sanpling of {Tﬁ“emaﬁhgii??%ﬁn%o e ’gwafe ‘%?Bﬁeﬁf’ﬁ%mﬁf“i“ﬁa bl zat i on
and denodul at i eigndl hepeRYmEQWIthG kABWRHESST thy 8£:8S RFMABIndddllieRpSaRekaAt | ve of
the in-band interference signal.

10.  The method according to claim 8, wherein the step of formatting the digital

signal is performed with knowledge of the carriers RF or modulation parameters.

11.  The method according to claim 8, further comprising extracting noise from
the digital signal.
12. The method according to claim 8, wherein the communication system

performs as a wireless communication system.

13. * The method according to claim 8, wherein the communication system

performs as a satellite communication system.
14. The method according to claim 8, wherein the carrier comprises an RF signal.

15. The method according to claim 8, wherein acquiring the digital signat
includes converting the carrier signal into an IF signal, wherein the IF signal is

representative of the carrier signal.

16.  The method according to claim 8, wherein filtering the digital signal includes

filtering the carrier signal to limit the bandwidth to a signal of interest.
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9. The nethod according to claim38, wherein the step of for ti.ng the
digital signal is perfornmed w thout know edge of the carrier é@gﬁyﬁberZOOG
nodul ati on paraneters. 10. The method according to claim8, wherein the
step of formatting the digital signal is performed with know edge of the
carriers RF or nodul ation paraneters. 11. The nethod according to claim S8,
further conprising extracting noise from the digital signal. 12. The

met hod according to claim@8, wherein the communication system perfornms as
a wreless co ni cg,j emy. - r.di . cl.al

wherein the c?rwrimi 2%% ?fca)tn}ﬂsi%%garhn& gje%l%glregﬁs%%g&ga%%ﬁgﬂg% ({f%tatclzgﬁ%uﬂ ﬁ?c(@% e|Son
system 14. Thetoneghdigitweddildredgignel intoanem@y. wherein the carrier conprises
an RF signal. 15. The nethod according to claim@8, wherein acquiring the
digital signal ‘includes converting the carrier signal into an |IF signal,

wher ei n the | F18j gnghe ingthotl @pdoediefitcadlaives, Shetdhelop@htting theXliglibRbienai6. The
met hod according.to claim@8, wherein filtering the digital signal includes
filtering the déydeeralelleinga qepter frpquenenandydiradivuitthot the sargprpignal. of
interest. 12 29 Septenber 2006 17. The nethod according to claim8,
wherein acquiring a digital signal includes storing a digitized filtered
signal into meddry. Thgmethiod apmrdingltoendainr & iwhgreirofikéraigrthSdigiri aigabinnélodexat t i ng
the digital si i ncludes .cal.cul at i enter. .frequency . and a bandw dth
of the carrierggﬁgﬁg%%ﬂfgﬂﬁ%ﬁgﬁﬁ%%$%gm§@%%w%ﬁﬂ 0%8w5ﬁg$ﬁ?§¥ﬂmherein
filtering the digital signal includes down-converting the digital signa
20. The nmethod according to claim 8,

to the basebang of &Fe carrier %$gnalu [

wherein the re? Qanpl Magepd peror Hlordm G grEn Be susanming ofiealiaing
frequency of i GfpRARSturs 2kwicEife FBIRAY, AGHRIMI ng to claim 8, including
renoving a Minitial sanples of

21.  The method accordilig to claim 8, including removing a M initial samples of

the error vector, wherein the M initial samples occur while the blind equalization and

demodulation is still converging.

22.  The method according to claim 8, including removing a DC bias from the

error vector.

23. . A system of detecting in-band interference in a carrier signal in a
communication system comprising:

a receiver for acquiring a digital signal, the digital signal including a carrier
signal and an in-band interference signal having a source that independent from that
of the carrier signal, a signal processor for conditioning the digital signal and a blind
equalizer demodulator forming an error vector that is representative of the in-band
interference signal included in the digital signal and wherein the signal processor is
further configured to process the interference signal to obtain one or more spectral

properties of the interference signal.
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the error vector, wherein the Minitial sanples occur while the.blin
equal i zati on and denodulation is still converging. 22. The r&ﬁgﬂéemdberzoos
according to claim8, including renoving a DC bias fromthe error vector.
23. A system of detecting in-band interference in a carrier signal in a
communi cation system conprising: a receiver for acquiring a digital signal
the digital signal including a carrier signal and an in-band interference
signal having a source that independent fromthat of the carrier signal, a
si gnal process fo My Wela I - igi sianal  and a bl.i nd qual i zer
denodul at or fo?ﬁingﬁgﬁggg?%%gggggg%gt aggi%ﬂ%%%F%§%lﬁg %@%ﬁg?sﬁwgmﬁn-band

i nterference skgmaledgand]theledriérn RFfve ndidgiatiah pahgotats. and wherein the signa
processor is further configured to process the interference signal to
obtain one or nore spectral properties of the interference signal. 13 29
Sept enber 200625.24. THOSystySARPIIARCOCHiMAQ3 ! Whérbiathe dhal YRBES8bknbiE oBingnal
processor is wthout know edge of the carriers RF or nodul ati on paraneters.
25. The syst enfHEESHRS eignednlationipasapmicrssher ei n t he si gnal processor knows of
the carriers RF or nodul ati on paraneters. 26. The system according to
claim 23, wherein the digital signal further conprises noise. 27. The

syst em accor di 8¢ t 0Th¢ giseneB:condinerteiclaim B8, winmein theodigitabnigayituainar per f orns as
a wreless COWEH”&%%gi&&zsySteﬁl'28. The system according to claim 23,
wherein the comnumicall oi system perfornms as a satellite comunication
system 29. The system according to claim 23, wherein the carrier conprises

an RF signal. . . . .
27.  The system according to claim 23, wherein the communication system

performs as a wireless communication system.

28.  The system according to claim 23, wherein the communication system

performs as a satellite communication system.

29.  The system according to claim 23, wherein the carrier comprises an RF

signal.
30.  The system according to claim 23, wherein the receiver is further configured
to convert the carrier signal into an ITF signal, wherein the IF signal is representative

of the carrier signal.

31.  The system according to claim 23, wherein the receiver is further configured

to filter the carrier signal to limit the bandwidth to a signal of interest.

32, The sysiem according to claim 23, wherein the receiver is further configured

to store a digitized filtered signal in memory.

33.  The system according to claim 23, wherein the signal processor is further

configured to calculate a center frequency and a bandwidth of the carrier signal.
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30. The system according to claim23, wherein the receiver i
configured to convert the carrier signal into an |IF signal ,%vg]gééfbﬁﬁ?%rezqq—s
signal is representative of the carrier signal. 31. The system accordi ng
to claim 23, wherein the receiver is further configured to filter the
carrier signal tolimt the bandwidth to a signal of interest. 32. The
system according to claim 23, wherein the receiver is further configured

to store a digitized filtered signal in nmenmory. 33. The system according to
claim 23, whereain t ' SO i furth .confiqgured to calcul ate
a center frequgﬁ'cy gﬁaﬁ%g‘%‘g%‘ﬁ \%agﬁi%o al?he"gg?rﬂnere%lglbaﬁgfogessiﬁls WeEe bt enber
2006 34. The sysfigmdocomdidogvdrothe At Igal whiae bisebindef shedadlcr BleAslesSoOr is
further configured to down-convert the digital signal to the baseband of
the carrier signal. 35. The system according to claim 23, wherein the
signal processas. i s Thekjshek accoriMd BWIBH BOwHEETRE il Brodb @bl @lurficpnal at
twice the synbol rate. 36. The system according to claim 23, wherein the

si gnal pr ocess&pPiisirgd ferdematectha fligialrsignat ¢ twisedhesymbohiatd. al  sanpl es of the
error vector, wherein the Minitial sanples occur while the blind

equal i zati on and denodul ation is still converging. 37. The system

accordi ng to cB&i m 2Bs systeer sicnrdinetosiandB, phaeciasbosigias pfodedshes furgenf i gur ed
to remove a DC bifas fdrtomthe r.r.gr vec}orf 38. The sys}}lem ccor dj ,ng to

cl ai m 23, wher &FH'EHRE 'SiFFRAAIC @H’E} asapples of fig SPRBYeCtoWRIE 1Bitakcei ve
the signal, fikimpled fuswbiledhe BNAd 84uliibiteR ahdBerhbdlifoR s il0RAbergingdd. The
nmet hod according to claim 1, further conprising processing the “interfering
signal to obtain one or nore spectral properties of the interfering signal.
40. The net hodj&accofgd I : r & 0. - ties are
selected from ga'gr oitljlrili)é %Eﬁ%ﬁ?ﬁ%ﬂgﬁ%guﬁg%ﬁhgﬁﬁe@%%@fﬁ g#’ {ot@ %183&{1%?'] ee%ghtereri ng
signal and a detfaraldo evmg gy DF bidsdronnthe cfrer vasgprsi gnal .

38.  The system according to claim 23, wherein the signal processor is further

configured to receive the signal, filter the signal and digitize the filtered signal.

39. The method according to claim 1, further comprising processing the

interfering signal to obtain one or more spectral properties of the interfering signal.

40. = The method according to claim 39, whercin the spectral properties are
selected from a group consisting of a power spectrum of the interfering signal and a

detected energy of the interfering signal.
41.  The method according to claim 39, wherein the spectral properties are
selected from a group consisting of a center frequency of the interfering signal and a

bandwidth of the interfering signal.

42.  The method according to claim 39, further comprising displaying the one or

more spectral properties.
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41. The nethod according to claim 39, wherein the spectral PrAYPE,
selected froma group consisting of a center frequency of the |n%é$#§kéﬁé?06

signal and a bandwidth of the interfering signal. 42. The nmethod accordi ng
to claim39, further conprising displaying the one or nore spectral
properties. 15 29 Septenber 2006 43. The nethod according to claim8,
further conprising processing the error vector to obtain one or nore
spectral properties of the interference signal. 44. The nethod according to

claim 43, whergikn t I, B from roup
consi sting of ggbomgﬁe?%g%Pf€%¥%PgBﬁ%&?ﬁ$§@@§¥gﬁﬁéﬁéééﬁgfégﬁﬁﬁggﬂgﬁtected
energy of the ivatterthebtmcenesirgmat spedGal pihyertimstoli det iaefaretddangeriab ¢l ai m 43,
wherein the spectral properties are selected froma group consisting of a
center frequency of the interference signal and a bandw dth of the

interfering sigaal . TAemetHoe abRiding AQ&aY 45, Rbbefeth Bk ShdtirdDrofdnidshes
conpri si ng displayugg the one or, nore spectral properties. 47. The system

according to cPHFHFOBOM\GeEPW Gonsipaneadomar snseewa of ihedntgiferenesatignat e 4 r om a

group consi sti Qge@bd BndP@VEH ths REGELHTR Ghndine i nterference signal and a
detected energy of the interference signal. 48. The system according to

claim 23, wherein the spectral properties are selected froma group

consi sting of cen f ency. of the j.nterference signal and a
bandw dt h-of t 02 n?@% Sihd ded g%‘féﬂc.lm 43”?%8”3&/@? %‘?ﬁcg%lg’é?l?ﬁf%ed ™% clai m 23,
further conpri sélegedirethspraup dohsittingi Fplcaysr frédi@nONE (S infefefensPGichdl ahd

properties. 16a bandwidth of the interfering signal.

46.  The method according to claim 43, further comprising displaying the one or

more spectral properties.

47.  The system according to claim 23, wherein the spectral properties are
selected from a group consisting of a power spectrum of the interference signal and a

detected energy of the interference signal.

48.  The system according to claim 23, wherein the spectral properties are

sclected from a group consisting of a center frequency of the interference signal and

a bandwidth of the interference signal.

49.  The system according to claim 23, further comprising a display that displays

the one or more spectral properties.
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