WO 03/ 077488 PCT/ US03/ 05823 DETECTI NG AND MEASURI NG | NTERFERENCE CONTAI NED
WTH N A DIl TAL CARRI ER [0001] This application clains the benefit of U S.
Provi si ol sdppl4sgati on Serial No. 60/361,493, filed Mar ®aTAJS0208323 t he
contents of which are hereby 5 incorporated by reference. FIELD OF THE

| NVENTI ON [ 0002] The invention relates to detection of interference and
noise in atransmtted signal. DESCRI PTION OF THE RELATED ART 10 [ 0003]

| nt er f er enPETECTING/AND MEASURINGINGERFERENGEICONTAINERs i tted carri er
is a comon problemi 1 es i J systens. For exanple, in
satellite comrunicati %&ﬁ@é}@&m&@g@@ can be caused by, but is not
limted to, isolation degradation of cross-polarized signals, adjacent
satellite traffic, locally received terrestrial signals, or an

unaut hori[@@(ﬂ]tTtamspﬁlﬁ:sﬁ@ﬂclalm tnabynemse@s iPN\QSlf)ﬁl@fppﬁcﬂm be 15 very
difficult to detect, howeyv on the receive Elity of the

act
t ransni t tysdal Hpgqo(éﬁl A3 f‘]eélrM%rﬁh 4b%0r@r icppentstof hedous hfﬁ‘? Y most common

approach .gﬁxa Lig the presence of interference is to tenporarily
rermvg thé&) rvi cgy? fﬁe transmitted carrier) and inspect the received power

spectrumwi th a frequency anal ysis device such as a spectrum anal yzer.

Al t hough this 20 approach can be effective, it causes a service

i nt er r uptFIBhDtORTHEANVENTIONr nany hours. In sone cases, interference is
not the problem and the service was interrupted unnecessarily. WO

03/ 077488 PCT/ US03/ 05823 BRI EF SUVWWARY OF THE | NVENTI ON [ 0005] The

i nvent i orj000%]| Titeisventivetrtlots of deteatioarnf appéarancesinfl opisden etwnsgittadd measur i ng
noi se and. |nferference which is in-band to a received conmuni cations
carrier. ¥ 3l | eviate drawbacks to conventional approaches, the applicant
has devel oped a non

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, locally 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.



5 intrusive interference detection and noi se neasurenent approach. Wth
this approach, interference and noi se can be detected and neasured w t hout
t aki ng t womamrises out of service. Rather, the neasurenemrcI/mogossezie whil e
t he conmunications circuit (the transmtted carrier) is active. [0006] In
one aspect, in-band interference in a carrier signal in a conmunication

system IBRIEF SieMMARY. OR THEMAVENTI@Mqui red i ncludi ng the carrier signal
and an interfering signal. The interfering signal is extracted fromthe
carrier without interrupting the carrier. [0007] In another aspect, a

si gnal i sjonesIETHE fhvehtidntiRElQdes Amethel of hldzatappRReisTef debcting dnlefeas@igd or med
and the signal resanpled. Blind equalization and denodul ation are perforned

t her eby frsisei ang intarferenes; whichtis in-banst tojageeesyndesamunicafions parrige Tt er f er ence
signal . ]Aﬁlgi[v%geg(%lawlayck)!% ccﬁﬂf%@&{gll ﬁﬂ?&?cthﬁgheaaﬁ%ﬁ%% ?rhaéa&éu‘é:lc{p%g rz@ogl gi tal

si gnal . processor con ons Si gha a blind
equal iszeringesiosinkafepenct dewsti@naml ioige mest@mehh@dprodch. MVeEith eseqipaddcie of an
i nterference_ signal includgdé{n the carrier signal. [0009] These and ot her

aspects aPETGEIET PHLRPISGL etretediand meagirRd WitheytEpkipg SiergapiarONt e  DRAW NGS

20 [ 0010] - hd I } : H‘f?}rﬂ B ks cessi ng
associ at esgﬁfllm%' hﬂadt“%{i @%Fé}e@%ﬁ??gﬂtfs l 00%{\9@?&&@?88 omé&gggﬂ?g@ftgggf | ow

di agr am dfanshéttqorcacesyisngtiassoci ated with this invention; and [0012] FIG
3illustrates a systemin accordance with an enbodi nent of the present 25
invention; and 2 WO 03/077488 PCT/US03/ 05823 [0013] FIG 4 shows a

gr aphi cal [080&]pIegnetdspdct,ih-dland heerfirsqpeay e dattrier sighién a @bmirunscatiomygtdoh on.
DETAI |L_LED DESCRI PTI ON I NVENTI ON [0014] FI.G .1 shows a fl|ow diagramof a
procedds 18getericdeAoiamahtsacanirad ignudingded cagrersamal sndpndatestering yighek on. A
signal, WHGhietRAhEkiBRaINOL AR RGN IR, Lfi&@Nifout RtdrRphY B datid. Step

[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 signal.

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 signal.

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

20 [0010] FIG. 1illustrates 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



101. The signal is down-converted to an internediate frequency (IF) and
then digitized by a sanpling device, in an acquisition step 102. The
digital swopBmeg4ase stored in menory for further processi PgI/E0%0sS2N t he
acquisition step 102. Using the stored sanples, the signal is processed to
create a re-sanpled baseband version of the received 10 signal, in a

digital d[oomajt FIGGt $Ho®R alPabhidds HRPlay has niighth2rdpedchas € R G f smgnal an
equal i zed error S|gnal is created, In an interference processing step 104.

Thi s errdﬁV@ﬁ@mal is further processed to create a power spectrum of the
underlying noise and interference contained in the received carrier, also
inthe interference processin ep 104. This power spectrum of the noise
and i nt erPBTAHeED d%]e VgNT I@Nerfering signals as well as 15

di spl ayed to the user in an output step 105. [0015] FIG 2 is a nore
detail ed fIOM/dlagran1of a process 200 in accordance with an enbodi nent of
t he pr esdAf14InFEntli shaws aflovhgiagram efreeproeasy I%Iraaqcamhamcerwekq aremppct(crﬁﬁbe

si gnal froma ant.enna, Al ter ively the i nal. na

commuri cARPsAL SRR wendly VPR sty e anE e faied, T3 if A¥ten.,
optical . 2A. [19kfnaFk Gowa- dohbmrtahesntmﬁtemwcy (FRe6PMIRAnLMdt h an
enbodi nent of the present invention. The system 400 detects and neasures

i n-band it &taRpliagdevisedn abiRssiHOMFep il 0 uThesdigiialisamples iare seredimance wi th
th th i put tellite 401
by a st Ay ol Torthor ool 3 aifo AL adllfsit Gy kSO0 66lpd ERRRIE S 12 10

ot her t h&tanTpﬂEe thatsignhl it @roébsked tm@’emdlarig-shnpled(bhsebarm ve@sioh of therrectied25
transgltter gble ransmtter, a_cell tower, a mcrowave transmtter, or

an opfi ca¥ena, r"éﬁ Hita] trmating siepd08. Ysiigdhiszesamplpd basebardsigeal ¥y neans
other th

other ¢ R RIAELhi dad, QR bAELHSD 16 b 9Gh 8 6 20

PCT/ US03/i9888@r pf’daesspd mscafnette a pewnt speotrurs of thel undatblyiag hoisanayd yafaendehat
communi cat e ital .signal from smtter tQ a receiver, regardl ess
of "The. T HEGH N diRa SeeiFed Biarr U B M FODEE PREACENRE HED L+ TS POSCand 5
a recei vepedin BBthe GBRY¥ ARY irtdYeerk iR Whan BE GRaburd®fort u'it@x’fém?g"mgfalé e 8d gnal

407 to an I F signal in a step 201. The IF signal may be ar any
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 signal

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.



5 frequency that makes the follow ng detection sinpler, cheaper, or nore
accurate. The receiver 403 may further filter and adjust the | evel of a
signal , vewoob/ormss epresentative of the input signal 407 ipaTaises/egs2202. The
receiver 403 may filter the input signal 407 with a band-pass filter to
limt the input signal 407 or its representative to the carrier and its
nodul at i ofihe presenniviehticar is\wpplivablettomny bystgathat caninugicar®y dédiausigndl fen evel

of the filtered 10 input signal 407 or its representative, also in the step
202. The # HPRAMIEPIHAA recpdver agargiess efipe medisun piothe spaief {fequeadyant age of an
Al D converter in the receiver 403. The AAD converter is expected to

per f orm b@@gﬁ%g&ng{{%%f}g?& anRg g}&'f&%eil?@l‘%g! i ﬁeH?ﬁéjinﬁﬁtgs?éﬁLéa?ﬁP@e rDe d I E

converter, in produces a digitized versio
si gnal . TéreRB/mput siguard0éito emIF signglliwatstep 20F. ThegHabigedl naayfveeqquency at | east

tw ce the. 15 frequenc f e hi st. frequency of interest in cor dance
with Vi/quﬁr%quegc)f 85?18%8%? f?@ﬂwg%gi%?s > PHGPFY 8 TEHCIFCHIYF be'used. The
di gi ti zedre¥@iéd 403 B4y fuRferd fhiteyiaBd adijubtShe Ieb@lrbfsats@%rﬁ‘aﬁ WHiclRisTopeshekivées in a
step 204. The above steps 201-204 nmay conprise the acquisition step 102 of

FIG 1. [theimutagaald@din psispa8dolhaeeeivay4Qinaky filier the inpuspighal 402 08tht

| cul at : . nt at | f the input. signal. 407 .i ncl udi ng,
= bandwi QRCGROL pRern it GF BT S3hS 401 B B pondPentiBik ohd et 1 ihpu
si gnal 40modwlatsonTheh ampliferobith ARomBiRtIEais cemiad]l nfhd AdjiRblei1é vl 8Bthe Hitetlae
carrier |lines, fre%enci es of the carrier lines, and maxi nuns of the

carrildr |inpesignal 4berits rgprgseniativesalagintbe step 20heThe opussgmdd07 magdeer
spectrum i I he Si (gg r o sor 404.
Mul tiple 28{% ﬁf%%stgg%t%r%ﬂ?r%d\??g@ghéf 313?‘(/:]3:‘% eeggéﬁéhégecgvggg éd’P % her, to
create a peeteras expensd toyparéorindstegwhadn the el papkiids pacdwitth isBskdbe

cal cul at ed using conventional Fast-Fourier Transform (FFT) nethods, for

converti e~lF signal fromtine ace to conpl ex frequency_ space. O her
net hods ggg ?@e Tﬁﬁﬁlﬁa‘%nvﬂa dgg]l&e P %@ﬁ\;’g}qﬂc‘f% l_gglzg?l @W_é!ogig‘tg ﬂ?erfé]éf‘d%‘hgy
space. ThegOWEke AP 6éivéfeOmay BnSIB el IFak onallBNSirdJieRES 41 Q0RONAR fiRY be
d!ospl ayeg@%o user at this ti rr% 415’])/\0 03/_0g77488 P(:dﬁ@/ U§63/ 05823 ?%021] The
i nputldsi drrguensyofisee bighest ffeauandy ohintérest in dsordanet with Nyggise's theosama

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 calculate 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.



bandw dth (BW of the carrier may be cal cul ated by a signal processor 404
in a step 206 wusing the power spectrumor the spectral density periodogram
of the | Fwveiigmat4s§rom step 205. If the center frequency aad/usogossandw dt h
are already known, however, then the 5 steps 205 and 206 may be ski pped.

[ 0022] Once the center frequency of the carrier is known, down-converting
of snapsh[@t)21]4tﬂ8etrq>ut Signd) asytieradnodulstbé caaier. i Bire ceater frequach andred in st ep

207 by t 404.. Th hot. 408 be furth | t d
such s hatopRu R o S 55 aar dee e CalaTRA DX hoiEEA CROEVF J0RE BB ©
signal, alsp the ngeps[%%m oymefsgaotraq a&sﬁpﬁggﬁ!@n%ﬁogrﬁ%f FRVFLnarroa G ted

also in a step clmation be pef at a frequency at Ieast

twi ce t he2G5r dﬁﬁ@myteofreqmmargih@sbamMQﬁmcylrwdylmbwnMWavnr dlothelance with
Nqu| 002 The carrier signal may have nultiple carrier
I|nes rFteapSg)t%gﬁ" gg“]aﬁf SISWPF% about the carrier such as synbol rate,
and estl mat es of the anplitude and frequency of the 15 carrier |ines may

be cal cul[@0g2). Ohbé theicBiiter fredueaey dftie barieds kubwh edbvinycafieftRigbfRBagiReni t ude,
square, cube and quad power transfornms on the signal and recovering the

maxi nums. 40800 3g b@ﬁ*@ﬂé@f thespaerier grayt heepeaiopned indienadly byrtéq signalprodessdie
carrier ljge digital
carrier 4 Sﬁ@?‘?@gﬁﬁ‘ﬁ%&“ %l}ﬁbeaﬁgtﬁlg{%éggd §.%ﬂ ﬂ% |ns% lﬁ%ut%r(g% muns of the
carrier Ibamdw;dtlh lethaoofithabasebandfsi griae atsafin sep ZOﬁyFimﬂeher dat enapsmed08 edyng

i nformation, about the carr f uen a vvn conversion error in the
deci eobesqeﬁlﬁ%ﬁ 450 i3 §t %I?Tg eds‘?cﬂmét@{@ﬁy %9 Egedak afgseency at lkastpaseband
si gnal i swidfth€treqiidncBY tHaG Hégtqcpgqﬁg t f e carrier
frequency |se rerﬁ%ve8%25 0% lg%s(ffgg@%%aﬂ acﬂée}ﬁ%r%f?rﬁg{Ng(ﬁhgng may be
r e- sanpl gbedsgmt he si gnal processor 404, such as at a sanple rate of two
sanpl es per synbol, and a resanpled signal nay be an output. This sanple

d.fr I d 208.
SIS U T SRR e

of  FI G 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 astep 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.



5 WD 03/077488 PCT/ US03/ 05823 [0026] A blind equalizer denodul ator 405 may
calculate an error vector that is representative of the interference

si gnal i rwohe/rmpgut signal 407 in a step 212. This step pcodsosessan error
vector that may be used to calculate the interference signal that is in the
i nput signal 407. A digital conmunication system nodul ates a carrier wave

for 5 trafiea6} tA bithdssqobitdes dérodulatorédd/muy cdloulate@h earodlivghitdhatsy st em each
symbol has discrete |evels of anplitude and/or Ehase at which the carrier

i s modul afFBEPSCTRAGSAT th mf%@fﬁf}é}%%ﬂ&hlaﬁf&rma@}@%@l ¥ B semi e ThiesERvel s at
which th x%aﬁcre'sgﬁ etrdr VR ltﬁﬁt‘?ﬁa He dpsgﬁﬁ?catl e Mn@%feﬂgeﬁ I\A] "od id 1%'&1& al

guess of the nodul ation evesan en ca cu ating an er P vector that

r epr esent mpuhegrl #02r Anligtabedmmanicttien sysie’m mbdlgutesa carmidr bvlaee fezasur ed

signal_. 10 Then. the g essed npdul ati on vef s are adjusted to mnimze an
3 syt s

error ¥ unCHSBHIUBESEYOOR 1O § FRECIYFY- SHRETy GRLSYHBb B 4GSR | evel s
are contiRUAYSt ¥mpltuls hiRFortHabd attMiciehe Qhrriel WRbd A NAR RGPS (L N M zed, at

whi ch point the nopdul ati on has converged. There are nmany ways to adj ust
t he | evel éemodudaterdtOags thedsiterimime @i leveised Whichsthe pardinr is quatudatéddi HodS)thisand

[ or at ur B g ey the it R S Rl D e Bl SE8F 208 | o usea

to cal cul wceorlthee répredeals shd diffefeie béteén ﬁl'egﬁlﬁbl s arld@h@mebfife Pt  Of
interest is the error vector as opposed to the prior art where the output

of i nOer eEhen;the gurssad mpdilation lovelypreadjugted tte mimingze an ¢riarundtos dagddem ar e
renoved ft@lQ @T#)pgeﬁ:ﬁfrg they &fers%rd rﬁ?dlﬁét%%l’lg@el are ng erﬁﬂ)kﬁ Y2 thg rlml'é]gtﬁﬁg{}gllf_l 28 eon

the quality uess
| arge er rf(uncnmchasrbsert xlnatmutcedrmtwmd:mbq{ntrtﬁahﬁﬁemxoﬁ hes civegeanthédtgy f erence

in the ig%ut si gnal 407 ef ore e blind equalizer denodul ator 405

conver ges Pl VRS oadjistthe levelspiachuding eﬁhs?érfjb‘leé@ dfast Reanssquare (PE-LMS)ma
contain %nﬂ@oﬁstarﬁhﬁo%sbdlr%ﬁt% (ENBA NSV WHich é.’r‘é%eﬂrkn]p@n hift l?l%vlﬁgra e @ St ep

214, by subtracting the nean of the new error vector fromt new error
vect db tchm‘\@du@mllamha bi}ridaaqdalmctlemodldiabr 465 isepecoanicalate/tegimbols ¢ and 25

|nterfere ce |p aag O% he carrier % &gesm ng artifacts may al so be
removed i e {TRET Sigh g 1 ereTﬂ?%‘HWéPf%‘E ALY GFTOF KeCtor s 9RARPed & thsr i s
cal cul at gfidranGeeyeihe outpRt 6OMRIr&X is the symbols.

[0027] In a step 213, a first M samples 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 signal 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 213. 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 preformed by
signal processor 405.



time representation of the in-band vector into a frequency domain
representation, in a step 215. In a step 216 the spectral properties of

t he i n-bawo osect4es are measured such as center frequencypcBWSoposses, ON
and detected interference energy. The above steps 30 212-216 may conprise
the interference processing step 104 of FIG 1 prefornmed by signal

pr ocessor[0428. AGower @[ﬂa’c&ﬂm&hﬂfﬂ'drwmt (358285 a{rmm]z ir\a Fédaet, megelnr:tseum of
the error_ve s a trace 302 in 0.a

i spl ay 468 resreyEGRp R ongS & vigap AP0, ApPae SHoetHREr NS S £ um of
the inputg O%n%l 90RlsudPels trRE 301 ASFIC. ACHag@koibR skt tb disPhYy MSAsPM fgnt Lo the
di splay 4 also in step 105. Furthefrmore, the spectral properties of the
error vectlsr Fuatherteore,ahe Sneotralhmomtsqsldyh@mﬁ@ectox hay be a¢rs wd dteidaspday egar di ng

Egicfﬁgéwﬁn%}fﬁﬁéa %nﬁﬁﬁf Qﬁfhﬁl %?freal?ri%piﬁoéﬁssewﬁog# 8?@&%@%”2286"
FI G
Ondor s P00 TR uRieT dRehed 16,7 PRl ah AL ”EW glt Hovdharor ‘el ®

be i npl exmRReIGYS hid TAIE @3L RIIRG! @Bb%?sterﬂa(?n /@57&39158 PCT/ USOB/ 0582ts the

nethod of FIG 2 in tabular format. 7 WO 03 3 TABLE 1
Funct i onaindfir sefitwanap ihe Bestem imptyibsimplempntedRE aBtandarddity erdéoronayComvert RF

si gnal tq I r n on, of .EFrom Antenna (201) IF Frequency signal
Filteri ng rf%ne(gg‘?dew@bﬁlf &?ﬂ" eﬁgﬁ%mfs‘ mt signal and Filtered and anplified IF

Signal adjust signal level for (202) signal A/ D Converter
10 [0030] Table 1 presents the method of FIG. 2 in tabular format.



Convert anal og signal A/D Conversion (203) Filtered IF Signal at IF to
digital Sanples of IF signal sanples Snapshot Menory (204) Sanples of IF
Si gnal StwoasloF4sanpl es Sanpl es of | F signal Convert ti me pdarnesos0ss23
representation of PSD Conputation (205) Sanples of IF Signal signal to
frequency Power spectrum donmain representation. Spectral Detection and
Det ect and neasure Center frequency %riﬂn%yeasurenent (206) Power Spectrum
carrier of interest BWof carrier to yze Deci mated signal

Down- ¢ 0TRViRdtbonaBRcloaP! €5 @putl - S1 gnar , cripfeIver tcar rq;@tbut(corrpl ex signal
deC| mat Lq_u_enr-\l &Qd ) hacahand filtar represeptat | On)

and B\fj quamf‘@ﬁs'%m NBESmdesnARt ed “sderEeT REgaHg, 'Fr‘r?%@ﬁﬁaﬁf‘aoé

Synbol |(rate, Carrier and Baud square, gubEreguacesti matesgraf Recovery
(208) Dectmated—Srgnal—gpad—power—anpt T {EiRG fittsional g or s o signat—
f r equenciteardg ana@rGaireConkeicover maxi muns | ijnes _Det%r M ne |Moltkuécddridamplified
Mbdul afji g, | denti fi cati onFE4Rhat es of afpluptsignd Rye! g g '§|€Jal carrier by
Modul agi"on” of digital (R09) and frequenovsomlertémspecting carrier |ineg

carr i er—aft—Car+ter—earfer—HnRes—F+eft %%Ryennﬁéfog"giggal Retrove
A/D Conversion (203) Filtered IF Signal at [F to digital Samples of IF signal
samples
Snapshot Memory (204) | Samples of IF Signal Store IF samples Samples of IF signal

Convert time domain

representation of

PSD Computation (205) Samples of IF Signal signal to frequency Power spectrum
domain
representation.
) Center frequency and
Spectral Detection and Detect and measure
Power Spectrum ] ) BW of carrier to
Measurement (206) carrier of interest
analyze
Decimated signal
Samples of IF signal, Down-convert carrier | (complex signal

Down-convert and _
center frequency and | to baseband, filter and | representation) and

decimate (207) o .
BW estimation decimate decimated sample
rate
Perform magnitude, Symbol rate,
square, cube and estimates of
Carrier and Baud Decimated Sianal a g itude and
ecimated Signa uad power amplitude an
Recovery (208) 9 d P . P
transforms on signal. | frequency of carrier
Recover maximums lines
) ) Determine Modulation
. o Estimates of amplitude . ) Modulation of digital
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PSD Conmput ation (215) In-band vector domain in-band vector |n-band spectrum
to a frequency donain representation |In-band spectral neasurenents

Spectral wetmwwotriseh and | n-band Spectrum Detect and neasur eCQ@sns/e3s23
frequency, neasurenent (216) any spectral energy BW power, and C N of any
detected interference energy) In-band Spectrum and D splay spectrum and

Display (217 - band spectr al su results Done neasurenents to
user 6 WIPGHIHE A h BepbiteBaey pODSHe T 8 TLROHER HEy PAFACAR di spl ay
300 of dafsa thatrdcB801 RHRREAR Byl sER M §fQhreckiSBd carfiBe ahfl 8fqradf 1
represents the power spéctrum of the received carrier, and the trace 302

r epr esent32trémesorche ppeatspestrupd of the nose sed intetfarencer Whicknoein-dnid ¢t ther e

in-band to th received carrier..ln.this.ex l.e, an.interferi si.gnal
can be. sSRFFIYH AL fraibis CRGmPIGAR FHOHETN Sighal Gideisean i N facs a0 i
carrigr ti§ agevisiblk-in k2Q8ediveiltasrier@rat@€gtini que has been descri bed for
detecting and neasuring interference wthin a digital carrier. The process

can be con&l\?gtel y blind, nmeaning that the process described above will
wor k everdOHanThisea gichnigus hassieen descebegfos deteting andhmeasupag Hiesfesence ar e

unknown. _T r j S AL i . [ its RF and
10 odu; AliiEn Ra0EPSal6? ettt AUl ot helnind BACHE Bockl® T ¢
ext ract s dascribed abovevreitltwoork evemnwhedt thetdigisal edrtier’s REcindmaodul diod pacHimiax
baseband esti.mate Q[f the noise.and. int ﬁ% rence. Fromthis estimate, a

t

power spétt ?‘E}%O_?YF" (e ProsepigrseiRsdddstestid SAFERdReB U & Kedded.  Thi s
power oS Pefdduldionpafiiddidrd @dubiPes aREBEMEAduI RBEME YiigithN&urtiBr, PaRgbiSReGESum and
nmeasurenent results are di'splayed for a user.

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.
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15 [0033] While the foregoing has been with reference to particul ar

enbodi nents of the invention, it will be appreciated by those skilled in
the art twatosohasges in these enbodi ments nay be nade w tPloautsosiessasti ng
fromthe principles and spirit of the invention, the scope of which is
defined by the appended clains. 10 WO 03/077488 PCT/ US03/ 05823 What is

cl ai med iwhatls dlainfediet hod of detecting in-band interference in a carrier
signal in a 2 comrunication systemconprising the steps of: 3 acquiring a
signal including the carrier signal and. an_interfering signal; 4 and 5
extratting thd-i nté?’éﬁ’ioﬂé’?QFtﬁﬁ &1t Hgfrﬁﬁrf"c,rﬁ?‘ieilﬁra Cﬁﬁ"%ﬁé‘@ gi‘ﬂt"“errupti ng the
6 carpier. 1 2omih&idBbROGias EohHfAg R S@éf@ioﬁl 1, w thout know edge of the
carriers RF or 2 nodul at1ion paraneters. 3. The method according to claim
1, wi8h know edge @fquiting &aignialéngludigdhe caprienstgnabandom ipterfaneg eigeal; 1 4. The
met ho&l accordi ng to claim1, wherein the interfering signal conprises 2
noi se” 1 5. THB®nethod accordi ng to claiml, wherein the comunication
systepn 2 perforns cafadingithen@sferiad RIgdal fcth iR catN&tvBMoul iferripifig e hod
according to claim1, whéerein the comunication system 2 perforns as a
sat el Pite comeamiccati on system 1 7. The method according to claiml1,
wherein the carrier conprises an RF 2 signal. 1 8 A nethod of detecting

o o e heT et adde bR RE bRl /A Wiyt o AUTRIDN G O EXE G T

conprising thé steps acqui sign i'ncluding receiving
t he s2Zgnal, f iniddatatiog phitaenesdrgnal

1 3. The method according to claim 1, with knowledge of the carriers RF or

2 modulation parameters.

1 4. The method according to claim 1, wherein the interfering signal comprises
2 noise.

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

2 performs as a wireless communication system.

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

2 performs as a satellite communication system.

1 7. The method according to claim 1, wherein the carrier comprises an RF

2 signal,

1 8. A method of detecting in-band interference in a carrier signal in a

2 communication system comprising the steps of:

3 acquiring a digital signal including receiving the signal, filtering the signal
4 and digitizing the filtered signal;

5 formatting the digital signal including filtering the digital signal,

6 performing decimation and re-sampling of the digitized signal; and

7 performing blind equalization and demodulation thereby forming an error
8 vector that is representative of the interference signal.

11



4 and digitizing the filtered signal; 5 formatting the digital signal
including filtering the digital signal, 6 perform ng decinmation and
re-sanpl iwg oef7t4Be di gitized signal; and 7 perform ng bli mdTasoabiszat i on
and denodul ation thereby formng an error 8 vector that is representative
of the interference signal. 11 WO 03/077488 PCT/ US03/05823 1 9. The net hod
according to claim8, wherein the step of formatting the 2 digital signal
is petforned Wit homhemwcmﬂ:gerddﬁg toleéaimeft, wiheresn RE step offdumaatingthe 3
parangters. 1 1Q. The nethod agcqrdi t | ai_.m 8, whe n the step of
formatting thgigil alﬂgfaﬂtl%Pergqu#%§|w1}h§ugﬁﬂwg?<f€§d>f%et W%R?‘E%@O@ﬂawe
carrigrs RF on.ppdidgtion 3 parameters. 1 11. The method according to

cl ai m 8, vvherel n the |nterfer| ng signal conprises 2 noise. 1 12. The

nmet hod according to claim8, wherein the comunication system 2 perforns
as a Wireless 1@omn33ﬁlﬁ¢mthw0§91§hr@ﬁ0 claim3®, whiseeimihelstsp (éé@@maﬂﬁmggthpo clai m 8,
wherein the ¢ iL.cati.on St erfor as _a.sa muni cati on
syste%l 1 14. %n%%?né{]ﬁéﬁ ar(?:aéglr |Wr%tgh OWI a%e%‘%g‘emef%ﬁ%qr délgﬁ?lpf]er
conprgses an Igaramétgb.gnal . 1 15. The nethod according to claim8, wherein
acquiring the digital signal 2 includes converting the carrier signal into
an | F signal, wherein the |F signal is representative of the carrier
signal. 1 16. Hhe rdemydh %@c%?ﬁ?’iﬁli“}ﬁ’gtotcéﬁl@lga“%e@m thednterfaring sigeal cagpaises

di gi tal signal,geincludes filtering the carrier signal to limt the

bandw dth to a signal of interest. 1 17. The nmethod according to claim8§,

wherein acquiring a digital signal 2 includes storing a digitized filtered
si gnal into mdRory.The method according to claim 8, wherein the communication system

2 performs as a wireless communication system.

1 13, The method according to claim 8, wherein the communication system

2 performs as a satellite communication system.

1 14.  The method according to claim 8§, wherein the carrier comprises an RF
2 signal.

1 15.  The method according to claim 8, wherein acquiring the digital signal

2 includes converting the carrier signal into an IF signal, wherein the IF signal is
3 representative of the carrier signal.

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

2 includes filtering the carrier signal to limit the bandwidth to a signal of interest.
1 17.  The method according to claim 8, wherein acquiring a digital signal

2 includes storing a digitized filtered signal into memory.

1 18.  The method according to claim 8, wherein formatting the digital signal
2 includes calculating an average baseband and an average bandwidth of the carrier
3 signal.
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1 18. The method according to claim8, wherein formatting the digital
signal 2 includes cal culating an average baseband and an average bandw dth
of the cawoimn77488 signal. 12 WD 03/077488 PCT/ US03/ 05823 PLTAS03/03%e3 et hod
according to claim8, wherein filtering the digital signal 2 includes
down-converting the digital signal to the baseband of the carrier signal.
1 20. The nethod according to claim@8, wherein the re-sanpling of the
digital 2 sidfal dieunahat adcotdirey tolodaifrs quheredy finéringthe dgsgtal signddl. The

met hod accordi.n o claim8, including removing a Minitial sanples 2 of
t he egr or vect' ‘,‘CEWWQTCI‘P“Y%“ ﬁler‘iﬁlglf g8 ﬁﬁlt@sgbaéﬁl%ﬁﬁfj ohifte @HHSIBHRY nd 3
equal i zati on and denodul ation is sill converging. 1 22. The nethod
accorging to clai Mie rhdlfddabchdlinf CIBRYAIM®B, WhbkeiPiRTe SARPHAISE the dRitL’
vector. 1 23. A s%;ﬂtgem of detecting in-band interference in a carrier
signal in a 2igneneasniscatwice theyfsaquemayoofpnterssihg: 3 a receiver for acquiring
a digital signal 4 a signal processor for conditioning the digital signal
and 5;a blind,gqual eppdul at or forrg ng.ap_error.vector.that i.s 6
fopr ehantati vaior ATl E R At ®. Pty i My g 1
24. The syst enf arcefodivé@ot, Wheted Medd inivibiesagiplestddeurSilgRahe BigEessor is

w thoyt 2 know edge of the carriers RF or nodul ation paraneters. 1 25. The
syst efh accor dicAtplizatien anddempdulghion és $ill carvesgiphral processor knows of 2 the
carriers RF or nodul ation paraneters. 1 26. The system according to claim
23, wperein the i ntgeheueRCR Sldiab cl@mO IR EESre ﬁgaég%zas fg gRystem
according to claim 23, wherein the conmuni cati oh systém perforns as a
Wi rel 2ss conmgrocedt@n syst em

1 23. A system of detecting in-band interference in a carrier signal in a

2 communication system comprising:

3 a receiver for acquiring a digital signal

4 a signal processor for conditioning the digital signal and

5 a blind equalizer demodulator forming an error vector that is

6 representative of an interference signal included in the carrier signal.

1 24.  The system according to claim 23, wherein the signal processor is without
2 knowledge of the carriers RF or modulation parameters.

1 25.  The system according to claim 23, wherein the signal processor knows of
2 the carriers RF or modulation parameters.

1 26.  The system according to claim 23, wherein the interference signal

2 comprises noise.

1 27.  The system according to claim 23, wherein the communication system

2 performs as a wireless communication system.

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

2 performs as a satellite communication system.

13



1 28. The system according to claim 23, wherein the conmunication system 2
perfornms as a satellite comrunication system 13 WO 03/077488

PCT/ USO3/Wb33877488 29. The system according to claim 23, wremrdaisas/odses carrier
conprises an RF 2 signal. 1 30. The system according to claim 23, wherein
the receiver further converts 2 the carrier signal into an |IF signal,
wherein the IF signal is representative of the 3 carrier signal. 1 31. The
system accor di29g t ahelsgiteém23cordingne chirh B2, wiaein\ke cdrtiet doatprfsed 4reRE t he 2
carrier signal to limt the bandwidth to a signal of interest. 1 32. The
syste% accor disiﬁjla](-o claim 23, wherein the receiver further stores a 2
digitized filtered signal in nenory. 1 33. The system according to claim
23, wherein thy siggly BEAGESRAMIWELNRRS, Wh&anGh ALESeARrdYoadatPaseband
and an average bandw dth of the Carrier signal. 1 34. The system according
to cl&im23, wheeaiier signal sitgamlF §goad exbrseinfty Ehegnal & rdpserddiveetthe t he
digitgl signal_to the 1baseband of the carrier signal. 1 35. The system
according to CPARFE32 wherei n the si gnhal processor further 2 decinates
the digital signal at twice the synbol rate. 1 36. The system according to
cl ai m23, incladi NnghegpRwmngcddidgitdtlairdl3 s@hati@she Rcéifvet faether fileds wect or,
wherein the Minitial sanples occur while the blind 3 equalization and
denoddl at i on icarrigy pigngdnlier gihagandwidth topsegnsl el iaieresécor ding to cl ai m 23,
including renmoving a DC bias fromthe 2 error vector. 1 38. The system

accor ‘[i“ ng to CB'Z?‘! mT%g ’s%/%%égﬁ:calklﬁrg@ég@‘éﬁirx b?%&&&n%@f&@&vcg t’uhh&r sjt(ﬂgs a 2 the

signal and digitizing si gna
2 digitized filtered signal in memory.
1 33.  The system according to claim 23, wherein the signal processor further
2 calculates an average baseband and an average bandwidth of the carrier signal.
1 34.  The system according to claim 23, wherein the signal processor further
2 down-converts the digital signal to the baseband of the carrier signal.
1 35.  The system according to claim 23, wherein the signal processor further
2 decimates the digital signal at twice the symbol rate.
1 36.  The system according to claim 23, including removing a M initial samples
2 of the error vector, wherein the M initial samples occur while the blind
3 equalization and demodulation is sill converging.
1 37.  The system according to claim 23, including removing a DC bias from the
2 error vector.
1 38.  The system according to claim 23, including receiving the signal, filtering
2 the signal and digitizing the filtered signal
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