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of the Invention [001] The present invention relates
generally to signal reception, and nore particul arl

10 t o Iseintees: i YeveoD. TbomiopeBossiAg MedClain ., amd Benwjppini Aori-adiins
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same tinme over the sane frequency range For exanpl e,

cochannel signal @ountered

by a receiver tha O A signal s

transmtted at the sane frequency and at the sane tine

by two or nore separate, transmtters. In such a case,

data (elg., %ﬂ@gﬁééﬁl’éﬂﬁﬂext data, etc.) contained in

onﬁ)O‘i{ TRDFBseff inb&iftioh MIRES ShbAly %%]ﬁ”b@épt%h %@ln%re particularly

cannot be accessed or processed further w thout fifrst

s epraselectionpofirpasivgil vigmalsi gnal from the other signals to

al | ow denodul ati on or other 20 further signal

processing. This situation occurs frequently with

ai rbor ng r eqedsvigstionadnthe Relagd A€curs Wi th ground system

receivers as well. Even signals with carefully planned

frequency re-use (such as radio stations), often

regie] Cochanet Bi3nAShte Ot Rl REGDGReh Bho oﬁh%?éoilgrﬁls are received at

recei vers due - to-the nmuch | onger ‘l'i-ne-of-sigh 03]

| ntheh ganadime Beinther sAmsg fragenedn reneeer EAL Exemplee Fpﬁ@n@h signal
0 e nﬁg\/ﬁe BRBhtere® bg 'H%e?éﬁ%i th&ris Qwemrfgeﬁwoor)r more signals

coc anne nal separati I'n one exanple

be&afsorittddn gt thﬁtesami ﬁrwenqruartdr pll thessame otirse dy etwonpd oy separate

to e |p| date.sianal s f o

th gﬁr%gr?‘n%eﬁél {Iﬂrg {2} 4 e a(eg vor%?r&gfﬁ,gf%;ortndat?%%tc. acr%ltaf)ned in one or

f r egpuestale mwnfgang)afocbmnell s@ﬁlalesmnocbfmztmtadde)r$'r<gas3bd;further without

i ngcl ude a.signal. of .i ni resttSh and coc ann l r.er
Gt Boe L s Frof te Sy SGRIS R Slost erideyfiBE or other
a fethebsigyal pr@eding. tTHS sinGaed bdcag fﬁe’ilﬁdit@aillﬂm Slﬂgﬁlﬁi Rceivers and
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ac fuGlensy P-ReGENg Aldid fetichky Qﬁtlen QEsuit th otshhnreD &fterftence for

sel ected by the human oEer ator.
airborne receivers due to the much longer line- of-31ght

[003] In the past, beamforming and interference cancellation techniques have been
employed for purposes of cochannel signal separation. In one example beamforming
technique, multiple sensors are employed to separate and copy multiple candidate signals
of the same class that are transmitting on the same frequency range or band. These
candidate signals include a signal of interest and cochannel interferer signals. In the case
of a signal of interest that is a sonobuoy signal, these captrlred candidate signals are then
output as audio on multiple audio ports for a human operator to monitor, and for further

acoustic processing of the signal of interest that is selected by the human operator.
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WO 2008/ 054645 PCT/ US2007/ 022275 Besides requiring a
human operator to nonitor and sel ect the signal of

WORBHSEHS in a non- stationary environnent, sHBERURI0ZH22275

ai rborne beanforner platform the extract ed signal s

c aRegdaswequining ashman\gpetgtos oimowtonend felast te sigraltod irdegest, in a non-
p ef.f e
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SI gcﬂ@budyfszg‘iﬁﬂhﬂd mBgredeivd m@s, segonds BRI AR IpeytesirigQo recover from
transmt digitally coded 10 identification
i nfSIRRTPBEwi thin or in conbination with transmitted
signals. Although transmtting such identification
i nformati on enables signals to be identified and
asﬂ]OgheSignetl otranemitégy dpdcds Shave theememphyed té hansmit digitally coded
UI res

€ of  transmiftin dec
it Grortiads st e COBHREIPor B R e gienals. Altrough

: commueag lsnﬂihSdéiﬁﬁwfoK ilfyroiatien Shlblds isipBalsl ke idédtified and assigned

coded information in the correct format, and increases
sy Kt OREEREE dk ineigassy thecquplexitgotittansiistingedexices, Frguggsiangmitting

t Od&ﬂ?&klta% amé saand deaRARafidHs %E’G@Jrk% tfra{nglmtﬁl?gc Blgltally
signal. SUMMARY OF THE | NVENTI ON 10051 Di scl osed

heeeded infoamation o @ﬁdCtsfymaé,n@dtlh‘HPaSPﬁaﬁb’S@@ ¢omplexii by gequiring
t oth%%c%% lgﬁsgrt%ﬂng@ ntlgtlods %s?ﬁﬁc% &e%%e) 1nﬁ>?a$tﬁjon%np %%h ngﬁal.

nore rnte and/ or ext ructural Teaturels
of the SO (e.g., such as relationship of signal
strength versus frequency within the SO). Such a

structural feature nay be transmtted as a part of the
sa (i.e., atrans&Qﬁﬁ!ﬂ.‘}J..QE%.mlﬁ’.Lél_'zLQErN nal

st [(MQL uﬁ%klogeﬁa&e%@ ar%fméthﬁif %91)5 stétls tﬂ?tymgﬁbé)ﬁ%%ﬁé@sﬁe% to select a

as a structur eatueof the’s
r eelena} odi Intdrest (3013 based an dne ermom tigemall andfor @mmala?ltmctural feature/s
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eES?ainalstrmralbfemued m_fays at m_'aesmmtechas B [ﬂﬁl’tl afshe St)gazltm{ £ éransmitted
n n n in a ul at e

o1 Bl ' S ety b, o Hhe o Pl b G RG Bresent as o

Sy sthefalrfedturd @f the Righsinme Mceided. NinaMiS repaiosh ieal Stuctural feature is

5Bk A i SO PR HeR bl TP 5 mofilated signal, and an

deRétnhiad@biufa0 fditurd [ B ihfiRkic asRe tHahR prébeCin@S@Gtifiable within a
systems and net hods may be advantageously inpl enent ed

i nmeAwatshiemrhehtha$Qlo Shisedhe disgeredpme®adoand sistagns may be
?ﬁgﬁplérﬂérﬁé@ﬁi oRNEhBS iRt e NBlecSS et tidial if %dﬂa‘ﬁ[dsfo%, and in

another embodiment to select a SOI that is in demodulated form. In either case, the
disclosed systems and methods may be advantageously implemiented in one embodiment
to select a SOI based on one or more internal and/or external structural feature/s of the

SOI and not based on digitally coded information and/or other type of information that is
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SO and not based on digitally coded information
and/ or other type of information that is 2 WO

WOa0s/0584845 PCT/ US2007/ 022275 present in t heP&DUS2007/02227S

e.g., So that a receiving system does not have to

c oREPSt BUSE Pl S50 BAR ERERiBiBe SYSHD ApRstiob Raverte sPtiwpusly parse
Si gRPdechdt 1§ﬁ>hﬁ§t¥ontf¥b% eath mgﬁeﬁ QPe1e:n@BO1. EMDOI ment  of

t he di scl osed nmet hods and systens, a signal may be
automatically selected based on any one or nore

inter or external uctu res, 5 of a

o[(’%PﬂZ]’P ACe®R entafﬁo&l? is§ éedeﬁ’&ﬁﬁﬂﬁl g @{ﬁ?&&r fe %“a may be
t hadtodhtRalfy) ONELt BYsED6N anyl dhetddingoré @@@hal or @xeinhUGhudfued] features
feature of aéglven signal that is known a priori is a

st pLi2 einerl SQlehrtare kaaw rigd dn ora cremrlay | podiment Hpgare known a
kn?l%h bef gfieregxam saidnff Riulhd a9%1V§P51gr§l efels Bown a priori is a
out requiring examnation of the given signal.

[ Oemjcturdfpiine hawvihg ichareateriaticsohatenxe kraven be§qr¢ @saruination of the given
fe [ 10 nunber,
fr% elﬁiw tﬂﬁéy%rﬁméjgg;?nﬁtﬁ%og?&}ﬂglgzgote?ls SI gnal st rengt h
(S|gnal to noise ratio) of one or nore transnitted

nal conmponents (e.g., pilot tones, squelch tones,

et 0§] pxaggigs of jjerng] @r g@mal@ﬁg@h@bfeéﬁlreﬁ 11§:,1L§lﬁ,abut are not limited to,
CcO n

or g@gﬂ? ﬁe@%n@ %‘Jd)”o? qg%{l)lﬁg Bg Hﬂﬁ%{lwg :@ \;ﬁe'l%esfﬁ?gét{lj eéﬁ%’lﬁl tQ n?llse ratio) of
t heneS@ hore gragmeiitedssigrah gerhponents (esg. fmleq@eﬁﬁc yqueb;h didriek,eet@f present
1% 8010 o CEBALRNTER L ATED U £l
f r wau ealuagl spxrt’om 4 giverefrequehey witlen ehecSl); amgnaemgnhrmrws frequency

an__i ruct ral featur be ch
acrierf 8 0R 0L EREr el S Gt ot (5HR b4 SERy ransien
i ncﬁdﬁz&tdﬂﬁﬁ@d Hhﬁt\%&umqmey Qfof te, 2fd . Inl diheaebk@inbﬁi‘y embodlment an

exe odi ment SO, may be assigned t

pofft@%ﬁ ééﬂqwrahggmwéew Eeeﬁe@etéaw&aaé adegiengh Eragker gt & detected to

sugé regerﬁt BY talerSd dulhbddUh@bagh 8Rh OB/ By andihel dXembraBVERRIdRENt, the
é e elimnated or substantially 20 reduced even in

heOpmag digcassighedsior ppeft eviesit #at beeptselested dpssd gacone or more such

puﬁfﬂerﬁeﬁ SRdcturdt nfe?tﬁlfe%r &hd p o@tsswapﬁh% Aay bl Jh@ma@crde&e Rfrbstantially

of other port-swappi hg causes (e.g., power-|evel

c hzadyess! everpini tompresegeecolstroffg0@8jtant figgerdhirers huskiash e tahodtsrferers, as

an " 0

ang«eg Bé%fnﬁgg ﬂlége\r@c%’cgf o\%? bﬁé(-g\gg%?{gi céﬁ%? gef/% \ Ogé)g%i 1e%e15c9a?geﬁ‘ motion,

orema)re other signals, e.g., any 25 situation in

which two or nore cochannel signals exist that are to

be separated. One exanple of such an application is

f OfOO%Fl Bid éthTos@fi nﬁtfﬁ% allida'éystehé MR éﬁﬁgoﬁ%tfg'r &ﬁ%u&f of a SOI in

nmore “other signals (e.g.,” interferer 'si'gnals) at the

s afy mpélqzij@ngy “ﬂmhgeS@} 1smdded@(rgqmp|ogg obfnore other 51gnals e.g., any

situation in which two or more cochannel signals exist that are to be separated. One

example of such an application is for selection of a SOI that is received with one or more
' other signals (e.g., interferer signals) at the same frequency range or band. Examples of
particular system applications with which the vdisclosed methods and systems may be
implemented include, but are not limited to, phased array antennas (e.g., electrically

steered phased array antennas, broad band wide scan angle phased array antennas, broad
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particul ar system applications with which the
di scl osed net hods and systens may be inplenente

WORRSP§¥4Sbut are not linited to, phased array 8?1@@?9%/@22275

(e.g., electrically 30 steered phased array antennas,

br bend akidooidve ephagsdnareayganiennn wét), ARy Ajhes riyRearpfsantenna systems

br F%g vhu @lggﬁ%&%}éﬁ’éﬁf %&r}r{%ggq nQ%?o%Z mla%@/gve hase shifters,
ti-octa ased array antenna etc. any ot t her

t ypagr eysteamst éiﬁi\é wytsmanspac amnmgmm,tionl qo'lstemanc@lnha base stations,

el 8 rt]i'éﬁ ’ﬁng) % s?enqg H drh% cbm uﬁlcgtlo Vc%vi%es?%ge-way or two-way

ers, &ar n{

conﬂunkmﬂmnmnnmygm&ns emellular base statlons

direction finding systens, hand-held radio

conmuni cati on devi ces, one- may or two-way 5 radio

SO GBS g A PRI T o
| nphldﬁteﬂtt@titot @tm]@m $emt hy igehgtSQlregndom agoiOl plurality of

(e, r ity of _inco nal.s
thg@omm>$ glﬁrézra}s o one OIPCIH%CT eo¥1len I ore I1rhrp%rrf1%1r other signals in

si gasrallnsattom vathmbhen B8O Nwithdun  hireanS@pgratur t hmﬁzenlnumamd without

rator intervention.an i t hout .10 dj st ur es over

SRRl IRE i Shitne o b Sha) Soiwtit S SR TER Rdut port
( esQapplﬂ/gi drhuBhér bRAK tin tHRWBRIHURY o fheadIsutdte akhid Autbhiftic selection
conti nui ty of the SO out This automatic

seM@y e gpide ﬁﬁg pung sy aree %@r wa@s ﬁﬁ)@waggfqrva gombination thereof) to

haﬁlqmﬁﬁoallf' kdsPURERing QgnS ¥orGRERhRASA AP of BrERfubutA features in a
automatically test rncom ng signals for presence of

onmaprer igsceibed elgevherahertinatlnrong example, niQhany desayr inperding RF

.el §1gm % E RE&&% slanoblug Rg%mq%eqmgt 18 re%el%a atqﬁeysagl% ﬁ%rc]uency range or

i ncém gna roma son
t r barsinwith eng ot nate RE imteteérsighaktbyt dmealfbame aﬂlteen{a,lmlbly%mformmg

ran F i er _sjgnal
oy S o R SRR AAPR BRIy 9y oS GEuRR pev g e same
t hﬁﬁmaﬂyﬁhchdﬂmloﬁl)d aPheibéemfoithing rsy‘sstddil aiay |bé) Cknftgﬂfeﬂ t&Reutomatically test

als with the sane ry nodqul ion). T
be AP BIIRSHR7b 1 = BEn R e (05 UGt of the SOL
t esich dsiseNtong cEmPRRhs oftthd HOI. S BIMRich aESAES 1ige/ aveddyd Gre@fiency bin
band for structural features of the SO, 20 such as
pi Maenifudpmat dkaawe Feaieacisy thatate tegeted by the beamformyagsysiepare large

avenAge of me quaagevmpgnnudm ethwﬁl@q%e@aes&nam ahaeteﬂl%raqseﬁe “pilot
that are targeted by the beanform ng systemare |arge

r efoRe rafie "} andithesiansd r@g@hrm@ et lengess pget tencigfio may be selected as the
fr ﬁgh&ﬁ NG er@{ﬂer @n@e % [ thér dg?? ﬁeh uto hl&ily stei%gﬁdtby the

ratio") an e signal at ex ar gest pi
t oh@nrfammg pistenbior Qetpet@pebhta@ qohenultmoéﬁal beghfarmingrsgsiem output

%%"ﬂﬂl})ﬁ; hﬁl a%ghe b@d? &Lft 89@% g %%Jnylf Eneal?'eo%ttgsctiecpyt the same
orm ng sys Tor’ ou
c oﬁbquem)t sangsd ort aed tﬁn&aﬂﬁlstrmtmgl &ymtee nhao teppasént relatively weak signal
components (e.g., “dead spots”) in the SOI, in which case the average frequency bin
magnitudes at known frequencies that are targeted by the beamforming system may be
small relative to the average magnitudes of other frequencies and the signal that exhibits

the smallest such dead spot ratio may be selected as the signal of interest.
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Is not disturbed. In another enbodi nent, incom ng

signals may be tested at the sane frequency range or
woaHs

/SIS SO structural features that repr eseﬁFT $2007/022275
rel atively weak signal conponents (e.g., "dead
s pt040]) FarnexahgleSdn , onienpaskiblehimpdgneentatien,ase nieggeing SOl may be a
fr N ' | hat
¢ SRSIEY A PR KUy K10 GEONEOS Sl s
r elsiglldl\s'euctmrettllm‘ isalmmgpeptﬁmg laltlucunghst wifll tetunderstood that the disclosed

h th
Sun%&xe(ri] %:sa% n}ay aﬁerga IVB ly b be 1rné)ce;1(neeégg §0 eHect & Seﬂa P% 1 ?erest that
| nhemest M 410&1\(]11@@0385{.,&@41614 5ha|?ﬁ‘§R/1ﬁ.gSﬂ&ﬁ1'Ydtﬁﬂs?&K& tha[n(FM @hbdulation).
an

exa in o SSi i.npl enent atj on,
iB PrisoRy g@( e thie SB fﬁb&?}ﬁﬁi“g’g bEN BsagHamiRe systgn (e.g. by an
e”hf(rﬁ&x% B mPorRGRaY st Phriy@BscqRMOMARN b3RAH atdialic ﬁl@@esﬁng system

SI nal structure that is known a priori, althoug

qr deterine e Rewnea Rftsubangs akd hayessis OR aa@ﬁmg obJects The
Sygb? Qéstrﬂﬁ%lt&ldt rtﬂ@&dn\ﬂﬁlo\(l By ifR R ERELEth Eeos@ﬁh @&ntxponents (e.g.,
S|gnals of I nterest that % ?e non- FM no
si tyrrmalpdott teaes) Having glangedmoatton@rmn@t brak kmcmm frEdmenCIes that may be

Ll T 1Syt

P‘F%?etdl b§mh€ beall;'% ?#lgxngefye Sst%)elm be colle%ed b}{] the beamforming

a|ubamnakhgamﬂomﬁnng&%mgmﬁmie@ndmsmbﬁﬁqﬁﬁmt)anaWySumthesmne

an acoustic 0 SSI n system or. d ermnin
pr gg%‘ﬁ&%y 6?ng§u81ﬁ1§? %8 %rf)%e&ed é’é egfergpce cancgllatlon system
Si gerhfidnemnie. @ bﬂﬂcin%luda' Béapti&Ohilt@s tHat &38 ﬁlihtot EH sigyalt Reéth the same

sonobuou ncl ud e qr nore signal conponents

( ePimary podifzbiop) fighe PereT e rE | ngr-eglétebfﬂeaffe fagedlation system
r atérsonstsl nkdyOpYocds ARUAREEESO!L Rath SRt &ﬁdldstamehg&wye g., that
t he beanform ng system The SO may be coll ected

t h#chida e rari mgre dipentad ltesisrr A Sbt"he‘k“@“@ﬂ%ﬁﬂ% testing the
( epﬁrahrtf Qf'ifﬁ?asjlgn'aﬁt egﬁeefg%gégeagee&%bé{ﬁgoﬁ @orﬁ&ﬁwﬁ@%y automatically

f requericy range or be processe

i nsedect ghe rdeeredammdwamo?solsﬁsrt @Wputcﬁmmcammgsthé eplgrality of other
;Pg‘lh“é ds?l?a{}\ﬁjﬁl: %%@QIE 'bXs%df th ?rc‘esénlggtof CP% &x[ O(HtféPOI‘BFlg{lﬁl components
be . dlwmmlgt oycs) mrthm'lfhestruntu&‘r cﬁfehceSﬂ)Ie withoelishabarnoe to the acoustic

yS’ro%‘es onerﬁt 3n A% rqg% tnlgae de re? 8 ratio 1m act
o1 ReFRaink PP & Eimlor R B0ignte S s s Pismtong} imo
nmooe mmn&amgedlgnm elefger edasai gﬁtaﬂf&):rsbymd esnvitohménta1g faanes which
testing.the plurality of RF signals. The interference
c afi U UG o SYAPRIAENt s may automatical |y select the
desired denodul ated SO for output from anong the
plurality of other 20 denodul ated RF signals based on
t hE)Orbl]eSé\motag@fuslwheS@hmap be padeceedsing Ioaﬂpumitmmn‘élamsesence of other
(e t t t.ones n.t he structure
d’%h%‘%eﬁ%‘ g s i %%r%re ? nEOTEB TRl g g bF ec‘e”é‘%reﬁw" or more
sysaﬂmwarmmdtmg]demm(&ge rhahﬂiaaﬂd RH vansnégeg lds%yesroedwakkie talkies” or
the,o eranhgp | pac
other type o transmitting radlos) are keyed up to transmit at the same time and on the
same frequency, selection of a SOI transmitted by only one of the devices may be made
by a receiving device to the exclusion of other co-channel transmitted RF signals, so that
only the SOI is output for audio reproduction and/or analysis without the presence of the

other co-channel transmitted signals.
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WOEPBHSHAPpi ng. 25 [00111 Advant ageously, a SOPCHEpP2(9&/022275

sel ected and output w thout the presence of other

o E0Ainlal onsirepmentsdigedosed herpintiset mefhied of seasting) sigRajrof interest from

te)r(gﬁﬂlraqn}tl ll)iﬂcgi){: \r/llgl%%%al%hﬁé ﬁletthﬁg gﬁd{ﬁgr geﬁel??]g g)lurah of cochannel

dewviguas ther plinabtylaf eo¢hahnel @gﬁals)mcluc}mg ersignglpd 1méreRtherem it is not

t r %Q rpl Mﬂcﬁ% dl iy alltya(gfe SL s 2 s oal o% f‘?’rren twhaetn t lurahty of
guen 3

Sdslgﬁamrssmdvtedd axm/sedmhyg dmesx@ﬁl 61hﬁtwlﬁv frcmsthermuréoﬁy gRickehannel

e devi e to the exclusign of ot

co“é%ﬂ%? %@%S?Itcsa Hpcas] @“r‘?jﬁ"gwn %er{“ﬂé’f e"%‘ﬁf"y“‘t‘ﬁtéra‘ feature

Sbemss@ﬂﬂ@ﬂhn&@ﬁ audi o reproduction and/or analysis

wi t hout the presence of the other co-channel

transmtted signals. 5 WD 2008/ 054645

Eﬂ({e()lllﬁz 1?122?14&)91%{%%%32)80%%150 1 I nelref]%lg elSa ragxl%gtﬁ%c? 'of %Irdc’c%%s?nlsg:g tS1gna1 the

f r erthod igplludingy: i feyeivifig Ed)'ﬁsh atgnﬂl argl @Itminmmg the preeéreedf at least one

including: receiving a plurality of. cachanne
o1 Bl Srasroat b e e FrERGHE < 1 et udi ng
a signal of interest, wherein it is not known which

of the plurality of signals is the signal of interest
wh @014 hin qobtheadespieyt, disclosed ihegreal is an sdapecheamtlirmangcystem including

cobTite | SraRlara s SeRPnEH L HEF prleCRiLE GRniiaf, omponents

ONgncluagipn 4 mb@&draaltm@rwagﬂt&rawalansﬁ coripohead hdvaamt Mhﬁ)duﬁfed signal
the signal of interest. £00131 I n anot her resp

di Dehbute ARlpURR Fambleh ot gt PRYE s SR Saecgfe icgHgight selection
t hgnd WRighOftakritzkmehtNGmpbide 'hé(\hﬁ‘?a%afcblﬁﬁa c8in Eﬁ'ﬁlteﬁw&ght input
determning the presence of at least one known
i neRs neeprrdeed seraplpafilteriyaight autart the sploylated PPTP}H@‘ filtgr geight input
Si gPalle s&x@ﬁ]s‘}‘)éclh@ vk r&@fectfo%sﬁﬁlctvelgﬁﬂ &%hﬁ’ﬁg%ﬂleﬂte&ﬁh&nbﬁ being
an adaptive beanform ng systemincluding T1nterference
cah@@lleldatq e calstiatedesomplext filteri wieightf eutputcd theumerir¢ad ttinegn weight
s di op:..e ht,

Capg{b:ho TQ]OdéIS(;b%IEMh eaﬁtg %g‘siﬂngmg @Ll t: {\%@ﬁcgl rrlponent h{wmg a

anthodulatati sughaitnmﬂlt ctmpwlde«thfc |niddelated/elggﬂtmmmbf)nhb nomreal tlme weight

ecific i ght selectio ght
7 B EpPReip s AHrReRD: n o AT GG G OBHpFpled o the
fi rdagrtingsgi @hiplexnfiltdr welipiet (axqmearfrtamg@dalcmhemélgﬂttserecuon and
wei ght  output, the cal cul afed co Ite wei ght
i fieht g ngEmEt GO R 2 %fglt%%me 1%4%@@ SHP%nd
wei ght rearrangenent conponent being coupled to the

cal cul ated conplex filter weight output of the
nof0odgjaln dnother vespepint disclosed herein is a signal processing system, including a

signal selector configured to receive a first signal; and to determine the presence of at

least one known internal or external structural feature in the first signal.
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WO AM$0SEdBipl ed to the nodul ated signal input of

cal cul ati on conmponent; and a real tinme weight

appl i cati on conponent having a 20 nodul at ed S|gnal
TiY§2007/022275

non-real tinme weight calculation conponent, a

rearranged conplex filter weight input coupled to the

rearranged comyeerl hhiCRIMAGNbECHIP YR AVIkS Si onal

speci fic wei ght ) ement

conmponent, and a filtered nDduIated si gnal output

[Oggtﬁ%] #Eul%n?tlgee[ bﬁo%ﬁp&\ am b %l Qe%%qorpxgr elsgstén’ci’ a}ccordmg to one

si gnal’ processing syste |nc

sebmb@ﬁnwﬂmﬁﬂwghmkﬂmhnah@hen&gw&nﬁlrst S|gnal and to

determi ne the presence of at |east one known interna

or external structural feature in the first signal.

2 2 5 A
TR RAS? oo Tdl o e o el %"?is;@fﬂam%%%
beambmmemt@f ﬁ;eshselvsabocih@ﬂsragd swteone 5 enbodi ment of
t he di scl osed net hods and systens. [0017] Figure 2 is
a bl ock di agram of a beanform ng system according to
[

R R o b A AR B o according
rra;o dre embpilioreemidl: @mpcﬁmn@}odsandeyseenmbodl ment of the
di scl osed nethods and systens. 10 [0019] Figure 4 is a
sinplified illustration of signal strength versus

5] u1fe0¢f ifa s d}Qﬂﬁh 1Qﬂclstﬂamrf36§§1%nﬂcs%@ﬁ§tllﬁ RErshL fifflRncy for a .

dlﬂEﬂt of the disclosed nethods and systens.
[ oemﬁl ofindgupsé aggofdingo epgrginbadiragnt pf tlhfa diselaged grethefs andggystems.
strength versus frequency for a signal of interest
according to one enbodi nent of the disclosed nethods
anghogypFigims. 5 %@%ﬁﬁe@\ﬂl@ﬁaﬁ&i—bﬁﬁ%ﬂsV&éﬁW@%WEB?@ncy for a
15 [0021] ure 1 is a sinplified block diagramo
S| @lﬁ%ﬂl of énteé@? gfcordine th ore @pbrgdamens At the disglosed @zf%roﬁs fisystems.
formof a beanform ng system 110. As illustrated in
Figure 1, beanform ng system 110 is coupled to a
si gnal sour DESORIPTEONO ML USTRATIVE EMBODIMENES I ay
100 made up of a number N of nultiple antenna el enents
102a t hrough 102,,. As 20 shown, nultiple antenna

el gouent Bigd@2aist hsimpGhiedlB13ck alfagramtcﬁrmﬁgm kélyctd:0R tBis@mbodiment
coupled to _a correspondi hg nunber N I nput channel s

1OHr°8fdeﬁé3n‘f‘6rfPr‘i“hg’fs%/Q?*’é‘PlfPfE‘i‘Og systepn} 9. dvibtlystraasy in Figure 1,

t hgehibREiIRE ¥§%@Erﬂ s obBRBNg) Ssidd s@tﬁf@éqlnctﬁ@?(ﬁhirﬁﬂ'hgspﬁhﬁ antenna
cochannel signals
array 100 made up of a number N of multiple antenna elements 102, through 102,. As

shown, multiple antenna elements 102, through 102, of antenna array 100 are coupled to
a corresponding number N input channels 104 of beamforming system 110. In this
embodiment, the N received input channels 104 each containing the cochannel signals
may include a modulated SOI (e.g., a modulated signal of FM or other modulation type
that is emitted by a ocean-deployed sonobuouy or other modulated signal of interest) and
a number of cochannel interferer signals. The function of the beamforming system 110
is to separate and individually output up to N cochannel signals on output channels 116,
through 116,. Components of beamforming system 110 may be implemented using any

combination of hardware (e.g.,, CPU, microprocessor, digital signal processor (DSP),

7
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may i nclude a nodulated SO (e.g., a nodul ated si gnal
of FM or other nodul ation type that is emtted

a
WE2EASHEPI oyed sonobuouy or ot her nodul at ed SPSF/A%ZW/‘)ZZ”S

interest) and 25 a number of cochannel interferer
S| gﬂa‘lﬂg andfprenonyielatile gIemoLy; efse apé aefivendrifig Waips ereqempmgtion thereof

e
oSt RIGARE P lr O, Yoo MihRihs 8P defiplioming sysem 110
116g¢scribddmigswhemteremf beanf ormi ng system 110 may be

i npl enent ed using any conbination of hardware (e.g
CPU, m croprocessor, digital signal processor (DSP),

7 WZQPQﬁﬁ&éﬂGél%pﬁgn Adead? 7e{nQ§ 2?37 oviied alsi & &igAf/sBkrce for the

nonvolatile nmenory, etc.) and software, firnware, or
coabedimensrof Figreebfit witlllietuaté¢rstoddihaipa othsr ﬁmbrghmwés dpignal source

oty B ah Sy PR e SR R BRI 410 o ot

anslgmia(ea riatgrfersr pgols) deutie sesnaaﬁmugnwlrar@ wr bandf oxlutling any other
t ood

> BBE AP bl Te g granther, 2% Ot RRGh LI R Wi g pruttiple

Spaiiterala etdmenan -Asidaionaily, slmuugma signA s@€dtordn el fomel ofd bdamforming
one or nore other ferer sj

ot Sysfen Salts GRS Al TP aAEoRh SRLAPh e g selector

ot B&fﬁguia‘.ﬁ@l@s@fab]l@ Hewsestivaigd, aymedulRinE andsekd mlg@m Yased on at least
ot her type of antenna system having nultiple antenna

el affentemalagiiatyraln fhafuge "o the oty 823 gitafemeduisiady form, may be
t hﬁnﬁl@rﬁéﬂt&f R v@ﬁ %ﬁ%q{emnﬁ&st%gd $46h %@ﬁlsselel:ﬂoy fal 3k %pl‘eﬂ)ented to

Figure 1, it will be understood that any other sighal
sefeseivornd sabgst agmndtbamd csmttleﬁgt enef axfernag slmiopirplgfeature of the given

degﬁgﬁé’l' ﬂt h@?ul?t@&’ f§§111 ezct{ Sﬂe&gﬁh% Qi@r?lggulﬂfbnat Fluﬁff'e%'lore the

one~I nternal structdral’ ‘ure he gi ven §i gna
dedcuosedtreethdds rand nﬁsyenlmemay h@hﬂﬂﬁmm with anyi dfpambus antber system

unde to that a ector be inmple t ed )
bl e Rlye Jufa bR ang Msfiiney, sl of fond RyGHIE fo:cftgpagation
extlﬁ'diugala vatiety of tiedia tfpeaindlugingfbut hiet ligiiree o, kbsesisgndiurh (e.g., air),
t hout requiring denodul ati on.

I ate
FuF T‘fﬁ‘f"é?egh?“hntfséﬁwo@%‘ﬂ‘%fchods and systens may be

i npl enented with any apparatus and/or system

configured to receive signals of any frequency range

or [93BHExamplestifeyrfes rof pppapeaguaztridmystemh that) gwlay &e \inapliemtlyed)ﬁwith the
: glsglose?pr%etho sClarlljcﬁj sys%%n(_)slbllljltaluge but r%rrre]‘( tngéj lim tgd q% hp Q8 array radio

ti fisqeney (RE)UmengdsCor B@ar{nfﬁﬂﬁ’eﬁis} Bnamafre)s Ofbr ttiapasittig/receiving

ap artus stens t hat be | ment d with the

S Sl RS R elTEYoms pighls Sy ey g naw Gnalysis
I | mmtga;g pitposp¥)asar akdyay e b.AdbObi- sfaﬁequ@moylo(saﬁa radar), mobile and
ant ennas or. beanfornmers, sonar arrays (for

t r lmd ,l?pstefiltﬂsqopwc\gpw@ devices, seismic arrays, ezc. Examples of specific types

of phased array RF antennas that may be implemented with the disclosed methods and
systems include, but are not limited to, narrow band phased array antennas, broad band
phased array antennas, efc. In one embodiment, the disclosed methods and systems may
be implemented at any RF frequencies where phased array antennas may be employed
(e.g., HF band, KA band, M band, efc.) In another exemplary embodiment, the disclosed

methods and systems may be employed in surveillance applications (e.g., airborne, ship-
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Si
we3

acoustic signals), ultrasonic arrays (ultrasonic
' ig;nal s for nedical and flaw anal ysis i nagi ng

BOSEYS | radar arrays (e.g., for bi-static &RHUS2007/022275
nono-static radar), nobile and 25 | and based
t ebasgdnipaseriased sHEnaTwg based, efsdiingldinga bytaips limited to, as a part of a
EXaiBlaf RcBinafRikt bjstent YPES  Of phased array RF
antennas that nmay "‘be 1 nplenmented with the discl osed
nmet hods and systens include, but are not limted to,
narrow band phased_ array antennas, broad band, phased )
ar 199y 4lilbraterang tor Fgure ) besm fermpReaivister L 10t an aﬁ*a@gveo'gféalfommg
NMELRRHS tHaN RSt BEPRRY cabelhit SRIh&Hs &f themf bt non-real time
frequenci es where phased array antennas may be _
enprigfiedaiplatien compppenhalg, sigmab snerifiqV vaght, sedaction and weight
an dj . -
and S ALt RIS P ARGt SRR 10,
apphovaan Figuse [, eagh. of nan-rdabtime weight @icuBtinOcAO@BL0326 4id real time

PCT/ US2007/ 022275 base space-based ubnar.i

VSt SRR R Tag, FRRGE RS oy ERARES "D ogmposed of
of cachafrtiipd thitdecdieahss$@nce system [0024] Still
referring to Figure 1, beanform ng system 110 is an
adaptive beanform ng systemthat includes

in gﬁ]@&g]ef\)%{%%ﬁ%ﬁ&@ﬁ% :cg.fﬁ#g i 3{ fgﬁo?ggl%@s 2n iannotn I?gal-ftig{fggagfs to compute

rea I'on conponent
si gmainbePé of falalanai @intplexciilee tveghtsd Mt av il hbased at least partially on

rearrangenent .conponent 140, . and real tine i ght . )
oy FERTB R SORBHE Croites A Gnbuf ol Heplii? fombogipen. i
of comnbinatival with amuwbEgNt ofcaevdollsit caeulaahpandel wiightsaWhp) that

real tinme .yweight appligation co nent 130 receive. .

£ AEK, U B AEh i SAEP . FTE GBS BB b pes 0 ifipialt opérations in the
Si givd fredulAdy dahgd stdantl e g S&bm al Prel BELREigMEalhilation (WeaLc 112)),
cal cul at1 on conponent 12% operates on a non real-tine ]
baglthougly compyitfion usigriupBRislyNabulated) complaxeueigis ot necessary in

fi b6 enf6Rlatings. CAGRAY &&Hat@@%@blfl@ ﬁll:tleg %ggr?%%fch&'% 'rl]lefz 29 output

N real -time received input channels

exeirphagl ogipybriiriethrough &N ofvegit aaleulasionwomponenh | Adine filtky vectors
of cpr eyi. - I I i :

e BRGSO PYNURIT I BAgNRIh e ey piglgrcacn o
or Nf cloamngds i 104 mperdat it@ptimizet the dufpus arfebehméeqongnec yystem 110 by

range. or. band (e.qg. . from Vi ous .wei ght ..
caresrRtne R ueiitor e FeReT o BRI onopse o gmainig
pr agnaﬂ)ﬁ 8Y )érdr?ghgcrl whi &dthe Qim:?]mﬁf &Eihgzﬁlt ﬁndibﬁreﬂ aﬁigrﬁEC lﬁ‘BlS&[s)/regard,
in other_enbodi nents. Ea of N cal cul at ed. conpl ex

f i FRRIeX il igh e TBhiACRRY) be1 e ulaied amwﬁt cgjfiulafiony fypRonent 120 to

ouhquigtivedPr dorrcbett FETOMERA Dhrible¥edsgBburélafdIbAtlrb@er relative motion,
conponent 120 as filter_vectors for multiplication

wi e ieRBeNplaoaitenss e Exempls plistitabls desratgAning digopiuns that may
PhES A m&R&Nn e practice of the disclosed methods and systems include, but are not
limited to, Multi-Target Least-Squares Constant Modulus Algorithm (MT LSCMA).
Further information on beamforming algorithms and adaptive filtering techniques may
be found described in Van Veen and Buckley, “Beamforming: A Versatile Approach to
Spatial Filtering”, IEEE ASSP Magazine, April 1988, pages 4-24; and in Joshi, Dietrich

and Stutzman, “Adaptive Beamforming Measurements Using Four-element Portable and
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WarsRHal and that mininizes the response of

20 N channels 104 in order to optim ze the output of
beanf ornm ng system 110 by maxi m zing the resBonse of
CHAS2007/022275

remai ni ng gials by creating nulls in the direction

of MOﬁéeémqhﬁe Kl Gragsagigis on Antennas and Peqpagation, Yolnpe 8%, Issue 12,
fi t I

b o DEmoE G BaglBA0I09R, il SHfcr 8 il aT B e lelhce.
vari abl es as source and/ or receiver relative noti on,

25 environnental conditions, etc. npl es of SU|tabIe

be HI026k % phyva fgﬁbqrﬂlhﬁ*guqeHawewﬁgﬂal%etlpwmmtéao yppipseeach of

pr d
D PALIEE S el 5 8 I 10 8 rp 3L gl o
Cotpssigml sheaild wsight geledtioh rangd MeigtGEhayangenrant chimponent 140, which
ti h d apti yve
TSR A RIRTLAAT 08, B SRR B APRLINE (v 112
Ve emdamdbeBLfokh@ymrenBe&giﬁab fspacife: wé&gh{eseteaidnl and Apfeho aealfrangement

to 30 Spatial ,Filterin Zi ne

1083 R Te Lt s sl e SuUEHTd EPBRIPY et Aglghte (Wonee) 112 as
St reazhmgRd coAimt filvee \Ezegm (me}gg@lypawrtermﬂt tSméJsveﬁgat application
Four - elenent Port abl e .an WO 2008/ 0

PCIITURISR 7,38 S92 ti 3P gﬂtm dypanels I%EEErOﬁP%@ QEtPPLtignals at N

0N oABLERNEEBANY 6PHRRBHAN b0 beY Rk 3 steth 3366, 420 that the SOT
Deglganbtgﬂr% X ae@ﬁg?iocss 4072 eacgi%sem Mg At He SIS

i ne@@rw@tw&%l)éaelmdemd ay{put ext @ desied port [(@9261]621)@/1@ me\l\mman operator
f Ufidt Jntl'oH ng leoeld S eg% ?lhgllél atsfgﬁan ?W@Q@ightt %e?egtlon and

suppli es eac u ate conpl & er wel
( WWBAIgD) rem@g@memtt@mpeeqme ¢40 seoofiguped topelett ahdtrearmngh thiy original

nal pght selection an i
; eal?f})&t r}%rt seﬂ?&gg rfr% g%lé:\lé\ﬁ{e% zfafnp%ﬁ eﬁtﬁr welgﬁté g%\ﬁ%}g gtlZ to a reordered
r eamtpar@etsseqdmm)fwt partiplpofitter Waghtc@V mﬂ\@ﬁ@)dl ledmﬂdem one or more

filter i ght LC) ., 1 as escrlbe

el ST (SBET F1 e S Gett o el fEpegpent 130 uses
I eadrhpleng AE Weight® (WRGKep)L HO foBiays pglideetie SO as an output signal
calculated conplex filter weights (WCALO) 112 as

r e8P P AHYE ar&tﬁﬁ*af%%n\g. SYHER oWePigIorde EWARRANGED) 114, to

real tinme weight application 10 conponent 130 for

mul tiplication with N channels 104 to produce N output

si arsAat shdiwnouwpptd NosepsrateBFochdroal tsipnelsgmai 1bérprofided via

beanf or m.ng system d, so t the SA i.s )
DR PRl B LA Pl A B iy sappdiment to a
( ep@cessﬂa@@%temﬂ 1tsh fﬁ@ﬁﬂi’tﬂé’ﬁ&o&@ﬁﬁgﬂ(eog adoBdtRIptedEkdimNef ASonobuoy
be described further hereln gnhal specific

%S@Ht Ieéb%é%qSEﬁefbﬁlabOQA@Frghthe rif awqéiﬁéﬁf BpEHES Putput port

1401daS HRREGHNWRH bk And&tesd thatcK 8RhE Qﬁsstutfgels %?)h&ﬂap &id that a
15 out put E rt sequence for calcul ate

webdiertes 3 ct);optmalbt enegor morededr el oth@utsygmls mtbe output for any
Seqy Q@ Mt%nlﬁér ptrc?clessml Et %Cﬁ%%%y%@llel&%on volatile
ne.

base or nor
memory, output as audio 51gna1 for listening by a human operator, displayed for imaging

and/or graphic form (e.g., ultrasonic imaging display, display on oscilloscope etc.).
Furthermore, it is not necessary that a beamforming system provide an output signal at

more than one beamforming system output port, e.g., beamforming system 110 may only

10
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internal structural feature/s of the SO so that
wei ght application conponent 130 uses conplex filter

WRRIHS 48 WARRANGED) 114 to al ways provi de t hePEBIUSHY7/022275

an output signal on a particular beanform ng system
oupoviide Her §OI am asinglea qBpyt portd 162 92tput pzovidiemlditippaltaytiyt signals
se - r

poap P Ehere ARGl A dpl gl RednBe e B s

this exenplary enbodinent to a processing system 150

for furt,herdorocessiirp (e.og. . acoustic processing of a .
soM¥BBIOYiEued ys. a simRlHied iBlocksdiparara PLhspBETINGL SYSteme ophowing
! sc&ﬁllsaﬁe%dofahorbﬁanﬁ%m@i htO B418HAti dROEdmpohdifa1 20-RYENES may be
it will be understood that such further processing i's
opeerdigared aasgondingt toaoms exemipdary ehbsdimeahof dht diselasadymetheds and
or 0

our B 2 St biEined) 8 Fand e 10435 BLREA o1 Rpu Thdagyy104n o
s avadreqb time| weightecadeulation -opoipatdnt € 20,mehae ycomplexpfilter ageights are

audi.o.sigpal for |isteni. b human oper at or

o SPARTe P 7t gt it P G e B o ogent 210 and based
ul b asomber N gﬁ&ir(ﬁgerdisf(ﬂ} 204, theti copbpyndR sasmﬁﬂ inPRGAA ports 104a
etc. Furthernore, it is not necessary that )
beM%MWgﬁ@ygr@eWW%\/%sﬂ%C%m%m scPéﬁarvena@?%w Argpagner as
t hadscAnR BaawT omMmnB dllsate8 rexempRHt cROS teight Somputation processing
beanf orm nﬁgsyst em 110 may only 10 WO 2508/ 054645

PCTPNUsPon 7716 2i3¢s7ocks 10f data gontpiving 024 porapley saginiesfeiten signal

PO[d g. Lshibied Wt 3O Hh0 BSrE-AiRG 1AL LdcBRD! arf will d
on( ogut pgfls eport_t s 116b nt%rir ouagﬁ) 1%gng gnlg?o? \lf\;}%?g;rt] negg%éersmo
nothatanarpthes sytableegneater POBSBT At blaekesize dnd/on samphipk irdte mdy be used.

bl q¢ gre@io%% g?gc%t)ecﬂ AR QJc%gwco%Xaéﬁtgl@é%%g lﬁ%ﬁ%{\%ﬁ& a modulated SOI

conponent s non-real time wel

c oapbmeumbet 29- 1 ef ¢coabanneteptelferer Hgmabrihat grerreckived oo nmfiungjgnal ports
tol&ﬁqh%ﬁehnmﬂry enbodi ment of the disclosed methods

and sysrt efs. As shown in Fi gure 2, N channels 104 are
provided as inputs 104a to 104n to non-real tine

wei ght cal cul ati on conponent 120, where conplex filter
m[@ﬂ?]sAawmberdélo(E adlenleted weighte 4Bloayod that epsiepppnd¢ gophannel signals

co t i . )
CoOMPUbAAR RHTBRENGLF IRORENetld BHLERSEt B rcesin
eacémprmentrid(tand isgppdied pondnsredlOthze Wéighitapplivdhoracmingonertt 220 and to
are Er ovi dﬁ%@’gé}‘?r r.or. conput ati on component 230

iﬂ a .
malReY BE e BR B efET! FHEARYIMIEaL FgpRegent 140 on weight
expons dRy teash, 1 mehﬁnbw.onnmk ainbedimpfitPRE@SIBAlNGENe weight application
conponent Q uses ocks o ata contai.ning 1024
coRPTRAPCRATR) B 8regint &0 BFr{nsm ks gﬁﬁﬁlon e tilying fhy Ggesgienal pors
320000 r&@APloaX 5B @RuRRH SEERO BNV, 2) tihedahoidh Y2h! so as to
be understood _that any other suitable greater or

| eBWdrcearuantst Hcad nen-seel-Himg/ouiputHeRsls at§ poscrealtiag bpamformed data
US8élput ports (NBF) 222a through 222n that each correspond to one of the N cochannel

signals of input signal ports 104a to 104n, and that are provided to error computation
component 230 and to signal specific weight selection and weight rearrangement
component 140. Based on output signals of non-realtime beamformed data output ports
(NBF) 222a through 222n, error computation component 230 calculates a number N of

error terms (E) 224a through 224n by comparing the non-realtime beamformed data

11
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15 As previously described, the N received cochannel
si gnal s rmy i ncl ude a rmdul ated SO and a nu

WORIBOSHHS cochannel interferer signals that ar SCT/USZOW/OZZ”S

received on input signal ports 104a through 104n.

[ OB i  deireh TEiGRChaETSL) BoatoMdE gnDS MEAEIT itough 224n

co DU I

TosaRoRAR ol G R AARharREGRR pripu) AR pOU OIS (G Rond ae

pr @umhsd rigek 29 \E@glpommnutazlm Enessup pbinpehend 2m@nfor gabposes of
a I nd to signal

spgcc):nl1 mghhe negfse ICI'I;Itea wr\%'?swcélf?qrgar r angement

component 140 on weight ports 112a through 112n as

shown. In this enbodi ment, non-real tinme weight

ap0B3ekstilb rrefe@mmémehgmzz@, isgnplr epwific t\f@lgh@rsfemcmrt hemd weight

fu [ 0,

t h?e%&é%’%ﬁﬁt Q%II 0 IIé)Iég ?%CE uIIIattecIS ? 1 Z:If)ZtIIirough 112n

t hthaugérhldirsmpadas o givab oma’ oﬂ theeNa;onhu'mhﬂrs@tIan As shown, signal

-real - ti t N |t
Dot B recieUar BB g B8 B entt S o Zasgives non-
t hwaltm%amfﬁﬁﬁ@ﬁﬂd (NBFDﬁgnzﬂ)ef 22128 ehrbhghom.ame kach correspond to a

signal s of ort 4a taq 4n,. and t hat

oI5 o efebe Bt el etle P o S0 FBHeon e dipuch, each
t OoBihg RaAkulsRe Kefghs (Wl GhHl 12&&%@)‘&&& PI2naiNd ORe&HBAds to a glven one of
rearran%errent conmponent. 140. Based on outfut signal s

of NPRyFER @mem@rﬁéraﬂww REBE)igmals dedaphitougin? 42 @epeemﬂa)

222a through 222n, error conputation conponent 230
cal cul ates a nunber N of error terns (E) 224a through

22 {003 bly A€ QAHID BE idB@ ribdefufBe-Hetsh, tsighel Heaft aeighel sdlétion add weight
WD 2008/ 054645 PCT/ US2007/ 02227 output to desi red

r eFRFRPREEICRY GREIONCREA L) (55ts teReh aF paRTeR I"I’Fsbf(aE;‘lor?’E&é’“tP“t (NBF)
t NEiQRAN2 D4 4RrouBOI N8 IRPASEAR 0P Bfe G mdrb dtdinf Q&HARER eatures known
signals of input signal ports 104a to 104n and are

sup Price do hgdKresest mefIIg $OLc dnphis gx¢repianyresthedisienty the signal specific

COOIER i LR, SHTRA 8 05 B 3t

r eb@rrrrfpmgsrtqutpﬁt @&BE) signadd Pal thowpgl 222ncfonpiragerice of two pilot tones

7 LERLE BoB o 08 s K SOL ORRRCe S0 i pmtormer
t hautpeta(NBFc) csrgnelsmmziet onaogmgxeﬂs Me tmﬁugmzazzm hmﬂigiﬁneivo pilot

nal s, I ecific t. sel.ection

oG i O S SERE by BB et Sk FRUEEY i weight
nomﬂaleéahienmob@aﬁe‘nor el et givén (ANRBEJatedi gRAIE RRL3C) 112 that
t hrough 222n that each correspond to a 10 given one

th%"‘EFﬁp?%ISF@%éﬂ%?@eF‘o%Feéﬁ‘é‘Iesbeﬁﬁ"Wﬁh‘é‘%t 3P signal 222 lie. one

enyf EMuTRY welgn% ,{}C) A2& Ifhrm%fh 1159 19%&%&%@ MBI, Signal
(WCALC) 112a throu 112n al so corresponds to a given
oné@pesHic weight selection and weight rearrangement component 140 then rearranges the

order of calculated weights (Wcarc) 112 as necessary so that the selected calculated
weight within (Wcarc) 112 corresponding to the SOI is always output to real time weight
application component 130 by signal specific weight selection and weight rearrangement
component 140 on the same output port 114, i.e., always on output port 114a in this

illustrated exemplary embodiment.
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non-real ti me beanforner output (NBF) signals 222a
t hrough 222n, respectively. [0031] As will be

waaeBsdHdd furt her her ein, signal specific wei §aT/US2007/022275

sel ection and vveﬂ‘_g rearrangenent conponent 140

t e£1032k4¢ $heyrn i ATguER 2t it t@@awmhhéwplmﬂq@ufonmsﬁ)t 13psapplies
Si r q
Al SRRl AP SR L s PR AP Pl B Channels
pr &nthraugh tlfdn BCproduce qorrcsaoe&embI wt@rﬁu@ldlanéhoutputh@rts (BF)
Si I 4 g

r eg%aﬂié% Iwgorrp %?glg%ly’lgt)%% %gt?ﬁmﬁgdsﬁ@# non- II %a{ lts i erzr(gmplary
beembatiment, dhet pngﬁal(cNBE)tpuﬂl pnal(BF)220@a dbh lremghmeZQ/Erghf @pplication
presence of nown a r| or. i

D ERERTrD 13D RSt SR SRR RaRhisRl el et weigh

be@nt\,g{r,\@q)) maoympzuys deNBj t@begﬂhahalaaaed I:onﬁ:plex @m “thht (Weare)
222a t rou 222n) having the two

?FQd H1at FerTeskr ISQ:It %@nw ﬂgqsa Hanes Sher F?lF‘Eate\% PVQI%I“ (Wearc)
s el ﬁzatdoe@nmena@bﬂmo thé Sél H@hntg%ﬁ@tva@gg%)&ﬂe%ﬁtor Ja&@uary BRorithm

gi ven cal cul ated wei ght (WCALC) 112 corresponds
t oinittpdizafionevithiningoigalrtisny weight caiédm@rqmpomt P ( NBF)
signal 222 (i.e., one of calculated weights (WALC)
112a through 112n) is also identified and sel ected.

Si goab) 25is Beahdertootaha ke $184tREI16¢1c 36tHpINeAtY BT Figures 1 and 2 are
rearrangenent conponent 14Q then rearranges the_ order

of exeARlATY 2pkve 20k tghths teskeal dyesq f@nweﬁ%@ws@r Rerfogmed, yging any

t hgorssih&ohest lﬁﬁiw‘hﬁ’@ §5§\Qare \%ﬁ&/gphrrﬂ‘dv&rg'(& dn h@)na&&? of hardware
Correspondl ng to the is al ways out pu to real

we Pefirare s wwmrvomﬁmﬁé that is 3@itable fey penarmiag de; t#SIké thereof as
Ve dbfibsiBlegGt i on and wei ght rearrangenment conponent
on the same output port 114, i.e., always on
output port 1l14a in this 30 il I ustrated exenpl ary
enmbodi nent. 12 WO 2008/ 054645 PCT/ US20Q7/ 022275
[ 060934] Hgure 35 flowclirigllpsirabng methpdalogyed0as gimay be implemented in

ap c I
PR R AN EED) PR MR T ey WO GAR B weiah

chmﬁem@memmmhnmgmoiom gelycipribel uesecudated expgtdi(Wgany) 112

)

%(PrHsts? esp ?%)ISA SQ?I thlatqytﬂgyg rr%g)?etmﬁlﬁl(l&g tg/to ]n]aﬁ%l&tg(f ﬁH&JﬁI‘ structural
ex &apllr@nyesﬁntemnhrdﬂone f twd pidpt $ongnati knoWn(frmmxep @/nthm(tB@}SOI In
a of re cat onent 130 is .
ai 10y b e B b APPa St sy PR AR Lompones inte
\NESthhat OMERRANGE DlativEHesniall anlonhty Df SAIrec(oe dvdr@geh&nér@@) present

cal cu atedcrrplexfll wej ght 11 hat -

co B R Sb e syt B« SIS Eiee fnn fown in Figure

cab cxuétab&ﬂbg@eaog hllso(WeRinkds thd dddulserseights (WRLSSPRNErdugh 112n

the SO due to port swapping effects or arbitrary

al @‘bﬂﬁat fhgyselected calculated weight corresponding to the SOI is always output on the
same port, e.g. the first port or port 114a of signal specific weight selection and weight

rearrangement component 140.

[0035] As will be described in further detail, methodology 300 may be implemented to
test for the SOI by summing the spectral energy found in a pre-defined (e.g., narrow)

frequency range around the known frequencies of the two pilot tones. Because the SOI
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10 initialization within non-real tinme weight
cal cul ati on conponent 120. [0033] It wll be

WORMSIStYdd that the illustrated | ogi c conmponeREE/U§R007/022275

Figures | and 2 are exenplary only, and that the
t agthervise hap sdgtivelyrsmsH amountsaf enseeypBeseptripetherBirts 9f #h jpectrum, a
Co%}h {sbiP Bf %fecﬁ]eﬁre%@%& gatl(ﬁ({f L V‘gﬁcﬁ t@t{ed{a%) (EB PWﬁlf?y ngochannel

any corrbl nat 1 on of war e, ftware an

comwfe@ng signalhatayibs eswilayad ireorfeorxepplafyormbadgnenh éo tdastkfs the SOI
0 S A

£l %Bv@hgan?%% tP%gﬂsu?arqa I 1;1 g&%% &l %o%ferlllg 8%%&15 egutfle Sél B expected to

| rrbzhcerthmhgtiest ratio@ifi eheemmrmkiapgctrehhxatgyrmmt th¢ avcgage dfyhe rest of the

ifi ht lect n
7 A e BORE e shsain 545 b8 Codbinel Sfl. Lpendsppaton of
\Netl@fﬂilgl(e\fﬁéﬁea}al]e]@ v Gotid espaned Rgtht 0 are1$a)cﬂahﬁﬁl sighal, the given
this_exanmpl e i ncl uges two tran smtteg ntern

st FRrbprnehiensd isridentified as the 894 AR ﬁorfqﬁ%or\dmgr?@lsplatewelght (WeaLe)

Pl 0 pIR QAR (R dckiRANEl SUEAAYERCILS WA Lhi n the SO I
this exarrp e, the two pl ot tones are present as

reI atively strong signal corrponent s in the SO that

oV IR RS S U TiBis cobn- Wi Tims, Rty gt R slehins 222 are

Spﬁﬁélﬁrbmhs’iﬁndehllodlﬁhté@h@dali o aFIﬁ%od’cﬂ)ﬁed gl UF Bords 2288 through

in Fj gure t hodol ogy. 300 al sq rearranges
2%%(6@ %P@H?E “(emﬁcﬂﬂ 234 (W8 grArpRgIess cggponent
t hauo%t R aak e@hﬁga&%aﬂ&eﬁ{o@maw@ 98D 6 &SRO Bt Bg,cisocomammg
is always output on the sane port, e.g.
f i 1934 s3BIPles OF opist @ultﬂlaa@umbersquwaple@g@ erodues wrwrondmg number
se -
o0 ey e ARrR plalcd R0 AR RN hactflespond o non
netdative egpf@oer ordgut PEBFydnelseaRetirqugh 2225 tespastivelpeln step 304,
S y S gy f
oFa% F(?&#egg' [[‘angfhﬁn Qﬁﬁg v\?Joc E)lgé > }’eéq g@rﬁ%@nega Ig])ré eeaacpO deraodulated
t hbedmfomedfdeeﬂpdelaed €BFDY sipiud 3B(WQ? Hidsolg 100HEFT (Rabgusessing on
t he FSIC] 2008/ 054645 2007/ 0 22%1;51](_9 : d
ot A¥ \H"gé‘s‘l‘?% r P oW % tLmRIFx Bk pigs are converted to

pr gaghér 10MephfE), aR@ tHe FFAT datat 525 mﬁsﬁghtmn BorrésPétidaigi t6 @ﬁbh of the
of spectral energyhratlos | ot _tone ratio)

a ﬁfrea%h bips, optheg %?ﬁ}f%qmedu(ﬁr@fiﬁlé@m{& FB) seaapls %%lesuz;owded to
errp&t{-wte dothPutdRaeXPIBOENYS EXPD@I T8I wrl ¢ WilERtunbdsthBEthat a SOI

from anong the pl ural i ty of cochannel interfering
SI g\qwbg any tyge of mpdulatey siprpl g;gbtg@pr@gdqlge@lnﬁbe,graftwé of the disclosed
hi tenal o r QYL QVie ks, &
" ks i bR, L DS AR SASHAL BSOS B i
copyrdeited it io thenendempdiatedsigrah el degiodwlatignssteplj9d may be Sklpped
identification of the highest spectral energy ratio
associated with a given cochannel signal, the given

[0037] Still referring to Figure 3, background activity is computed in step 306 to produce
the measure of background activity (BKG) 334a through 334n that correspond to non-
realtime beamformer output (NBF) signals 222a through 222n, respectively. In this
regard, background activity (BKG) 334 for each signal may be computed by averaging
FFT bins of FFT data 332a through 332n for each respective port. Similarly, first pilot
tone activity (PT1) data signals 336 for each signal may be computed in step 308 by
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WORMBHeL gnat ed output port, e.g., 1l4a. 10 [0

cochannel signal is identified as the SO and it
correspondi ng cal cul ated wei ght (WCALC) 112 pl aced on

ggypsg@mzzns
shown in Figure 3, non-realtine beam‘ or mer out put

( Nsw;a&n binp oDFEF data pRadhipugh %@nlfﬁfd@ﬁlbtﬂﬁl)e&tl‘éﬁjport and second
? tﬁhe(agtl‘gﬁﬂ (FgMgmd%%}ﬂgsl%gg 3&2@@ ﬁe, go?]ﬂ%p%?e%% step 310 by

SehmigllmﬂFEﬁdDINVGOngFT rdetar 33 Ragbiveglt 3&21nﬁur®nh respe@iye port. The
|
gxetnn)?a bglargpn%%?o%{(sgepggﬁg g}rﬁllln?ldﬂb%és%%eg gat§ gBm%Q using 320,000
ot lm-mpls pértsabdnd sampihey racf 1tﬂﬁn1gllmﬁérstb®d ﬂiaobliuammer may be adjusted
&1‘) agondl rﬂg éagn‘oer 15 N of beanfornmed denodul at ed
) Ga thr ough 330n that correspond to
non- real ti me beanforner output (NBF) signals 222a
t hrough 222n, respectively. In step 304, Fast Fourier
Tr §1938loNent( ART)steps 08Es sfmdg 314, pulof otoneth-kackgawtd activity ratios

CerRhBAL (ST A SFRELRLSE LR veliifler Fu over)

ocessi ng
us bigopla2Racthowpht 222n mk ralowlated fier the st tanch geconﬂrpilcﬁmﬁ%E'ﬁsmg the
onvert r.101

2),. t .
PR BonS 3T KBR Go Ae3a Go RGBT e AR bt % sgnats
t 836 sdaetdnalpilbi e @T2) fea NQMQBMGH&QMU legdh&Espective port.
(BFD), .signhals 330.is provided to acti
cofbhisteryrat fist @fiet t9nwto-tagkerapy agwtr/asaﬂg KBHhBKG) 340p through

besmdﬁ %&&?ﬂ@d inhadp ﬁ2%gresp6ﬁﬂn%3f% AW oft DREGeNfimEBEH BERY output

nal that is denodulated in the practice of the

BHssegnals2en SrpyghiAd2n by cammiting thy, ratiqplorariafiest pilgiitene activity
e T8 i 5 S R Bl 6

SOngméﬁwetlsdxugprﬁédn thaft 00BBporSs itd kacheff eronirenifirhe béamfomeer output
ggg@ksg e n%? §18 ug httﬁ%rll g%lc Ut ﬁsgcogg pslot tgne-%%eé?gr%%%l activity

t hramugBTBIBKGI van te Gnlresmomduttd) imsiep 3Meajrtespmdmg to each of non-

bea u N I 2a ugh 222n

¢ BB GargerBr oyt NP BiR 230 BRGL Are BEe Ty the rato of

( Bkdoh s3&shdfpilot 66 fhcﬁ%@ln@rmma kai%naomwtuﬁdugwmmb aﬁa R@pective
30 FFT b| ns of FFT a 332a_t hrough 332n for each

r eBrERIoONd agiyity ( 5%%@&1&1 %Wé’ﬂmbgh 4n thyyrerragpends teyeach of

( Pldn-redioR b%h,qmlln&%%ﬁ, F)esg;. L%'Ha yohe conput ed
in step 308 by 5008 o e PO Ro807] 022275

aver agi ng FFT bins of FFT data 332a through 332n for

pec ort, and.second i 1ot tone activit
( P8 EERER o rinf Siesing 3 o Sdrio-endbni e s G b KC) 4
I NisSdaRPla&lQolYspoddify AFattgoffthd NDlufheObf o reAfhea bé’a%a?f@rmer output

t hrough . 332n for each respective port. The exenplary
bi ﬂ“%%r?b@a 2582 dipeghd 23eby aVPBeia t@lfgsta%@m%%wd%ﬁp ourid activity

obtAoN®d1 USKOY 387 BndXond pilot tone- -to-background activity ratio (PT2_BKG)
342 that correspond to each respective port. In this regard, an average pilot tone-to-
background activity ratio (PT_BKG) 344a through 344n is computed in step 316
corresponding to each of non-realtime beamformer output (NBF) signals 222a thought
222n by averaging each of first pilot tone-to-background activity ratio (PT1_BKG) 340a
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5 sanpl e per second sanpling rate, it being understood
that bin nunber may be adjusted for other sa

lin
WOBDS444H038] Next, in steps 312 and 314, pil EET/U59007/022275
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tone-to- background activity ratios corresponding to o
eadPusht e Wih theraeaesnendipg Frspestiye sependpulaiione-fasbackgropngt activity

(N§%5(P§igﬁggﬁmggaﬁugngyght 222n are calculated for

the first”and second pilot tones using the 10
background activity (BKG data signals 334, first

pilot tone activity (PT1) data si%nals 336 and second
pi 14040k Iitep Pyt lfzgest avpgaapilot fong-to-hagkeroypd ey iptiogPT_BKG)

eagly {i.%? RRAbGYS vRIRE bf avetaBe pildtSore&8Bhkerdind .hé'tﬁlﬁ% Pitlo®44a though
t one-to-background activity ratio TfrBKG) 340a

P
t hAtgeemmtgrin jstep SdMpiattean identified pmé 1l calpulatedrompien diltep weight
eagfy .of ' - 2 (NBF). S| .
S O HLE S SR CLAES, AL DAL B0l s
pi Faio (P'6BKGrI44vis then 3Gectddab)l nobaredatosi pyrtathat 33@aighdtedtaoghrrespond
336n e respective background. acti vty G) data .
o Gtk SAZe BTG IS RERY, HBRRE, ik b S5 B weian
n :]) (Wbﬁa) t1il 2rehdp eveasf (?ﬂg’ili’lfaﬂly Qagéipneid to ((j tiNBFREsignaggiiapst Adgabe optionally
t hou 222n. Simlar a secon i ] ot .
t OB Fb D SFOtD LS P Ry e pG plsy Sakepiehy o) 112 tha
34 2érrdsPortele 1P Whi€ darpddt SV pe3ditbt GoHe t6-DREXEEHUNG at@vigaeho GPT BKG)
non- realtine beanformer output (NBF)signals 222a
t hotWes Povd. eymaydiegeaTanged tnanethiripgrt di amypthes desited pypper. If the

Pi bAtulhed Bordslek \ltby weigH: a1 121 @iAdormdsRadd 1 Bishrpest
338n l%o th% lEﬂesplect}’Vvlgﬂ-z%)zlca(%)r ound a(?t [ spi%ty (BKG gsf zfverage

si ghell tonslosbackgreingnecy st ratihdf TcBK B2 3pb irdalraady essignedito the port
NORzL [ . pu :

1 e el nD BOT O HRL mBiAeb ks dbRfkn PG, T itinged omplex
t ofibert weiplte KYnounakopttd are then patpu egPby B spdedfic ivsight selection
cal cyl ated correspondi ng t ch ,of the N nynber of

ottt Sati ey S gl 0 Feadmeyiisnt i Sppgent 130
t hofiBighre2 2 2d Ry Aan@magiang difenié bdlatiopiol e calculated weight (Wearc)
t one-t o- backgr oun ctivity.ratio (PT]l .BKG .34Q and .
se&%oww?%gémﬁpi%\éﬁ @faﬂﬁhy F\ F‘P’l‘ﬁ?d %ﬂtﬁaﬂvﬁy repeating the
( P3tepsPt®Bligurs4 2o ietaaarag@w QIR WAk, &SNS tHr¥ifsh 112n so that
port. In this regar an average pilot tone-to-

bathegeltisd calevlped tKpighh corespedingde)tha 3@k is Hyaysyntmu gy the same
| S p&@RiAL Sfitdnihtitt R Shfnudu® PoRSRARENMENT & RAGHPfo maintain the
non-real ti ne beanfornmer output (NBF) signals 222a

t hetlgiHiteBpeish\V dayc)al é cagesngndingct agtOlfanrthe pest that is designated for
t opR-dA- background activity ratio (PT1_BKG 340a 15

WD 2008/ 054645 PCT/ US2007/ 022275 thought 340n with

the correspondi ng respective second pil ot

: gﬁﬁi—émz&gl%g%g E??gl{l?e% ?1 uts{ra\lltlest glll regrarlztn{ggd g:opr;lrplexBElct;gr vgé}rgzhatls (W ARRANGED)
114 being output for all ports in step 318, it is alternatively possible that rearranged
complex filter weights (WarranGep) 114 for only a selected subset of the ports may be
output with the remaining calculated complex filter weight (Wcarc) 112 being discarded.
In one example, only the rearranged complex filter weight (Warrancep) 114

corresponding to the port designated for the SOI may be output.
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[0040] In step 318, the | argest average pil ot
tone-t o- background activity ratio (PT_BKG 344

WORWS03t%est val ue of average pilot tone-to- bagﬁy&éﬁpﬂaﬂznﬁ

activity ratio 344a though 5 344n conputed in step
31E)042 kIt ik ipe uodenstodd tha, themttictlﬂve nnrahocglogy dbhstraserpdrabxdescribed in

L l'etlaq{o VY%IQ re( x%}np 120¥1hat r esp e(:jrsmt t&)loé()lt'f(;)/gs}/ suitable for

Iarges average
r at&hﬂ:tl(lEI sEal) ofH#térests(Sﬂh)&lﬁus&beEﬁﬁeed rm?rd 1meldstrhaual feature/s of
I,S de ated to.c and .to. the SO
{1‘6 StCﬂ ﬁbq’ytbe frqpf?y? i€ A%, Wgafrpyse g3 ﬁgrml ?P integest (SOI) based on
Cahﬁéthzﬂt&de)&&mﬂ' Suchedl gﬂaﬁmreé\wfﬂr—@harﬂ- piott Rdaks. Waﬂlth regard to the
originally assigned to the designated port

opErEiTY ymbed ettt Figyre hdt BBk be ydernions ihahthe ﬁéps of Figure 3 may
cabg peAb R dGAMRY Ethdr| defuithtinedraht th&tvﬁltxl@blél}& de@ing a signal of

corresponds to this | argest average

t oﬁéﬁffsé(ft%[é Resed am v eitot fonesy It italse pmsrblgk@)the mgthodglegy of Figure

rear a
ot her deS| ed eﬁgﬁr@% fé@?g gﬁdlﬁ&aﬁ?%‘#}e‘ﬁte Q%Jgn%ﬁ?’ B example, in
f i bnecposgibleghemgtine/simbpdineat, m‘?ahscwmestb@ﬂwmtrmytum1mp1emented to

| a \Y t 0- bac ound agt i vit
SEAER LAY (0L, 08 SRR MR Y Yoy, o
desacgnmt:ltade foﬂe drhﬁorSCih],ot itbnek Sat I’i@lbwﬁd‘i/fﬁldencé\SorSﬁaw&ndléB) and to

I SIS @tfh%icz_x 4 Q%E%Eﬁ @9 {;}? )I(IZéf Blrgu?ggyy\@pgwa?hat the selected
spemlﬁated weighRtcofredpeidin® i tharﬂaspmwg Multm@so&rkge ARl output on
conponent 140 to real ti|ne ht applicatio

colSSABREURE PO B, @&rtE%ﬁrft aiteeond R e s ki for a respective

dy nafhed SEhRCSHP qnqho&aeexeﬁbﬁw AMdinVt, gﬁg nin¥efbhe output port
112 corresponding to a SO be optionally

ac EInPILP s1aE dpe denfifiest taryhjedy gpa}c@byétwqrgjlt (WeALZDI 13tcepgspending to a
¥ géf & o gﬁ{aﬁ \RAYS Jaﬁeaﬂ Héhé{n g@tgveigé g&a}}s%o 3@ calculated

athr N So that cul at
veivgight O8caels penaimegpanding e tl@CSOIi s oatmayén gwhEotendodiment, the

tr 2 arn oI5 ouﬁi%ri gorjtJ félﬁq 18! g&?%h 1?6 F\’F}lkcli]lgé) {%'Sr olrl'{ or dmalys1s as

Ssi' g uire
vvenghtsa@wﬁﬁibm)w fEZpactiuiae ppo mdmbg tb @vlﬁch&@: caltulbthé weght (Wcarc)

S_desi the SO . 25 [0041] Although
gtﬁ% "f?sl?qnfi%@? ?gilsé’mpu{jearranged conpl ex filter
WGI ghts (WARRANGED) 114 being output for all ports in
step 318, it is alternatively possible that rearranged

co [ﬂﬂ“élelfrtHetImTe,mwgmewn@mil&m&ddplogﬂ gy &e implemented
et of ort ut . wit

2ChRIE, SUPRELa 5 oDEBETA N By B g 0 g s0n

beFmgeMmkathées@ectral eneog}efoeucanni pre-defihed (elzge mageaw) fregedey range

co filter \NEI é N(fE

ol PUEDBRATRE" FETHRE Bt B aeRr R AFREITP, e SEH e summed

beaml b pomparlsdn WP s%@&ﬁl Rt Byt mtiBC ThAdSHI0MAdR2{32idbntify the SOI from
among the plurality of cochannel interfering signals, i.e., in this case the SOI is expected
to have the lowest ratio of the summed spectral energy over the average of the rest of the
energy in the signal as compared to the other cochannel signal/s. Figure 5 illustrates two

such dead spots in a SOI that are present as relatively weak signal components in a SOI
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[00421 It will be understood that the particular
nmet hodol ogy illustrated and described in relation to
WO20($084635| s exenpl ary only and that any ot her PCT/US2007/022275
met hodol ogy suitable for selecting a signal of
i NP} that otgsml‘s)e heaseefivgly larger amounty ef ¢natggrpmesent in other parts of its
Sté&ﬁ&Mﬁal feature/s of the SO may be enpl oyed,
e.d., Including for selecting a signal of interest
(SAO) based on 5 internal or external structural

features other than pilot tones. Wth regard to the )
g)ﬁﬂf]awg;llg ﬁlif‘oﬁv‘mé‘ﬁ? Ay tpl ztmptéblg to |vgr1%s|q10 ations and alternative

u nﬁﬁﬁ@tse@&lﬁé aﬁsocﬁrh&m%a%@ e shbvHYY Va3 ommplﬂseand described herein.
performed in ot her sequential " order that

subpapyes, i éhougbl%/ee@tdﬁﬁ@oa thait geadnvegtion jsioe rnéegltieq @che)hmlted to the

ba p on taLS sSi t
?ﬁg%’g{}og@%& ; th&%slﬁ?e he1l thhem?énr%l ré ngnt%ng)\\%r zﬂatmotdﬁﬁatmns,

f ewmpnvalantiiand eiteinatives / f@lﬂmglwl&nm el smrltsarebsaopF@tf the invention as

ex le,,in 10 0 ssi bl alter

e o Becmrb e diiBhy fafold MR MUTRlBRR o1 me disclosed
Sehethbd€ ahd &y senedmue ibg hititizddVWaAbatipusl ¢@misiaations pﬁcndﬂ ﬁl@e]ieﬁdently
nore than one SO .Qg., . that _each jnclude one

o Bus e dpepees et Tilhd Prk SR ey BRI GhOHEEE, but rather
anghay thclude dthepsitdtiens al cul ated wei ghts (WCALC) 112a
through 112n so that the selected calcul ated weights
corresponding to the respective nultiple SOs are
al ways out put on 15 the same output ports (BF), e.g.
the first and second ports 116a and 116b for a
respective first and second SO . In another exenplary
enbodi nent, the nunber of the output port (BF) 116
may be identified to which a cal cul ated wei ght (WCALC)
112 corresponding to a SO is output at any given
time rather than rearranging the ports to which the
cal cul ated weight (WCALC) 112 corresponding to the
SO is output. In such an enbodi nent, the 20
particul ar output port (BF) 11 6a through 116n may be
switched for output or analysis as necessary to
follow the particular port nunber to which the
cal cul ated wei ght (WCALC) 112 corresponding to a SO
is output. [00431 Furthernore, it wll be understood
that simlar nethodol ogy may be inplenented to sel ect
a SO based on other types of internal or external
structural feature/s of a SO. 25 For exanple, the
spectral energy found in a pre-defined (e.g., narrow
frequency range around the known frequency of a dead
spot or dead spots within a SO nmaybe summed and a
conpari son of spectral energy ratios nmade be nade to
identify the SO from anong the plurality of

cochannel interfering signals, i.e., in this case the
SO is expected to have the |owest ratio of the
sumed spectral energy over the average of the rest of
the 30 energy in the signal as conpared to the other
cochannel signal/s. Figure 5 illustrates two
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such dead spots in a SO that are present as
relatively weak signal conponents in a SO 17 WO

WO 3t8/0944845 PCT/ US2007/ 022275 500 that ot her RESESHRE022275

relatively larger amounts of energy present in other
paWHAFASIGIAIMBRBdSr um [ 00441 Wiile the invention may
be adaptable to various nodifications and alternative
forms, specific enbodi mrents have been shown by way of
exanpl eAamthodexd seleding a kignaiofi inter&st Homvenpdurality of sdvbaring]l dignals,
understood that the invention is not intended to be

i TG0 the particul ar fornms disclosed. Rather, the
invention is to cover all nodifications, eqU|vaIents

and alternatives fall within the spirit and scope

of the TARIEAE P BHrally o flcf@?‘?aﬁ%ﬂ S’&i}alf ﬁé‘dQS’é@H}ﬂg OE'P"é‘i“ﬁlﬁlg“als
Mor eover, t hgclgdihd £5igml oﬂi%fé@éét $vh@1femtlhf§ né 1I6elvaS8ekh of said
nmet hods and systens gﬁ%@ﬁe utilized in various

combi nat i onPlHAY 6f si 8¢ ignal gf interestrpyhen spieplurality of signals
i nvention isspetivid. ghd ed to only those conbinations

shown herein, but rather may include other

conbi nations. 18 WD 2008/ 054645 PCT/ US2007/ 022275

VHAT | -

of 1t oF S P L QA i LR S b B IEbaced on
conpri si ng: the premcewfmg least phekrmivwintigtenihl Qr@thahmuctural feature of
signal s, salddplurﬁ t¥ qf cochannel signals

i ncl udi ng a SGHER Yf " Siler est, wherein it is not

known whi ch of sald plurality of signals is said

signal of interest when said plurality of signals is
recei ved; and 10 selecting said signal of interest

froms al'ld: REHEB AmAf waSEARNA Blurditd BRdoshdAAS |EnSS arelrbBRived
presence of at |east one known internal or externa

st infeedilaied forntand evherein sgid rethodyfether spmprises palesting 3a3d modulated
Th ﬁﬁﬁgg Bhf?ﬁ]en%ﬁ ﬁSlln%hl iuraliw &f c%'cganﬁé' s%nglls Bﬁs%h 'oL Mlecbfresence of at

cocC Si gna S a e recelive
least one known external structural feature of said signal of interest.

3. The method of claim 1, wherein said plurality of cochannel signals are received

in modulated form; and wherein said method further comprises:

demodulating said plurality of modulated signals to form a plurality of
demodulated signals including said signal of interest in demodulated

form; and
selecting said modulated signal of interest from said plurality of cochannel

signals based on the presence of said at least one known internal structural

feature in said signal of interest in demodulated form.
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co
wop

in nodul ated form and wherein said nethod further

rises selecting said nodul ated signal of interest
0S8 plurality of cochannel signals baseBCHYSENE022275
presence of at |east one known external structura

f edt ur eTlsf methodiofslagmal, whereinseid phusality ofmadulargdecogkanneldignals

o onfiidio AORR RS Endi i bdin Rla BOELEBRRawn fntema
s abtehctrztlfeaturt gomprases & bmpyr shdonsip of eigoa siratgtngramifidquency in
pl ur.al. ulated signals to forma plurality of
de%%%%ﬁ%%ggkgg%gals i ncludi ng said signal of interest

in denpbdul ated form and sel ecting said nodul at ed
signal of interest fromsaid plurality of cochannel 30
signal s based on the presence of said at |east one

knewn i Theaheradd stoldimt3yvBéreinfsgidipliiraity bf Heduthtéd @ORInnélfsignals
interest in denodul ated form 19 WO 2008/ 054645 ,
PCIPUEEg miobopeacy (BF) stgralsyanchwsberein saif af Igasgone iingwaiinienal
sakh cRlrairddthed ¥odpridPaphatgd_cochannel signals
conprise radi o frequency (RF) signals; and wherein

said at | east one known internal structural feature
conpri ses a known rel ationship of signal strength

versus frequency in said signal of interest. 5 5. The
mebhod TBlie méthodhofIlain3e wbérninsaid gplupdlity af meodulaséd qvolthnheltsegnals

CORRPRE Ak TR Sk SHMEIB R e

structural feature conprises a pilot tone. 10 6. The

met hod of ¢laim 3, wherein said plurality of nodul ated
CochannPViing 3 edhfogies Sy an Payineinyipiit GRIRISY tp poepatial anfonna
signal s; andimsherein said nmethod further conprises:

15 providing a beanform ng system having an i nput
coupled to a spatial antenna array; receiving said

pl ur al i feYeifhg 5REPhALIBIGRFIARARL A &lgSalddt sfi@isPatial antenna
spatial antenna array; 20
array,

providing said plurality of received modulated cochannel signals from said

spatial antenna to said input of said beamforming system;

performing said steps of said demodulating and selecting said modulated signal

of interest within said beamforming system; and

providing said selected modulated signal of interest at an output of said

beamforming system.

7. The method of claim 6, wherein said step of selecting said signal of interest

comprises:
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providing said plurality of received nodul at ed
cochannel signals fromsaid spatial antenna to said

WORMEOSHHS sai d beanf orming system perforni ng BaFgS2007/022275

steps of said denodul ati ng and sel ecting said

modul at @deuditigaalplurgiy ef complexfiist woighthpesed an gpid received plurality
beant or m g §i%iaelled 20chaMP Vil

modul ated si gnal Bleaiehah eesylggdt @g%&?ag%ﬁﬁfu;&%fﬁsgd complex
beanf or mi ng fdies weights30rrgspording tnenhhofihawfplurklity of Bceived modulated

wher ei n sai | ecting said signal of interest
conpri ses: %8%9‘33[%?‘854645 PCT/ US2007/ 022275

calculating a pIuraIity of conplex filter weights
based on.s

cochann¥fe ?%‘h ﬁngone gé‘h‘g Bﬁrﬁj% %‘ycﬁf"lﬁ]'eél (ijtFS/W?jgh% thatorresponds to

conpl ex  fi |shRrmovRIGatsSenaldiMeieaMakied Gn iR p%!s@ndéfofﬁﬂbzﬂ;t one
plurality of received nodul ated cochannel signals;

sel ecting a ¥pPyaintegRy ngwtgra fgatpredr gaid tignabef wissst @xiemodulated
filter wei ghtsntidpat corresponds to said nodul ated
signal of interest based on the presence of at |east
one known internal structural feature in said signal

i nt egestik f Qr ' '
cai d se Pyl ARTRRUCEHE ong A pRRS'H Hplek | ffahs by
filter wei ghsais“l phyrality af niloqbll@tccatdchgnnelfsxgmksmd) prodate said modulated
cochannel SI {Gcht eg ?#er a| d nodul ated signal of
interest in> ere or it %Oém The nmet hod of claim
1, wherein said internal or external structural
feature of said signal of interest is transmtted as
part of said signal of interest; and wherein said

nmeghod Theuhéthed ofcMFRI, #BSreinhiR GhtérRel of 8k tEndl ﬁﬂ&hra@feature of said
interest fromsaid plurality of cochannel 4 (%nal S
R

bagigerl ghintarest jsitpaupided aypagof spid signad gEmntessy whgrein said method
tr anmel éoqlﬁﬁlsés%em@l safarmg%mtoefmalest%Qnﬁsfaw&aﬁalofE&ﬂsweﬁagnals

of said sig I'nterest
based on the presence of said at least one known transmitted internal or external

structural feature of said signal of interest.
9. A method of processing a signal, comprising:
receiving a first signal; and

determining the presence of at least one known internal or external structural

feature in said first signal.
10. The method of claim 9, wherein said signal is received in unmodulated form, and

wherein said method further comprises determining the presence of at least one known

external structural feature in said demodulated first signal.
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WER00${054643st one known internal or external

9. A nethod of processing a signal, conprising: 25

receiving a first signal; and detern1n|ng t he Eresence
st PGEAUSR09[7/022275

feature in said first signal. 30 10. The nethod of

cl &l-m 9Thenethed of cduimd, whepeialsaid signel defegeivedjin modulated form, and

unme&hg% &ﬁ&ﬂ%nﬁQQOmﬁﬁéEe'n said nethod further

conprises determning t presence of at |east one

known external structural feature in said denodul at ed

fl':ﬁresfref %atmglsal mZQqu\%{P f5 r%t6 aF%}Jo SZQC 7(4&1%%6%7&%%8{]%%1; and

in nndulated form and mhereln sald nethod further

conpris denodul ati n i d |ated fi

Form o Gl EarPee QIGHERE syl SRl epprs B said

t he presenceleffodathted Gastig@ine known internal structural

feature in said denodulated first signal. 10 12. The

met hod of claim 11, further conprising: receiving a

plurality of nodul ated cochannel signals, said

plurality of nodul ated cochannel signals including

sald noHif metbed oficlaim 14 yrbgrcompridegiodul ati ng each of

said plurality of cochannel signals to forma

plurality of denodul ated signals including said

denodul mtaving a peiraly gﬁm¢dulqmdamelmh¢1 gigeas,haidfphsaiityi of modulated

plurality of u at.ed chan S

det er i ne fﬁ%mﬁ? gﬁ@%"ﬁ&%mgﬁﬁ gFﬂFggggh%ﬁ@nﬂhomm

internal structural feature in said 20 denodul ated

first signal, .13. Th tho of clal 12 wher ei n,

s not ASTSHRGRE ta6h g sa 1uraﬁmf s9hgnel ity Bforality of

signals is sRh@ddamdy klgﬁaﬂsimémaﬁg sad aaﬁddumrﬁr&@igqal

plurality of nodulated signals 25 is received; and
further conprising selecting said denodul ated flrst

si gnal raémlggmg osé)ah&lplmaufyanutelxo&ﬁataf&eﬁatﬁhatsegqals to determine
on

si gnal s base t he det erm ned presence of said at
| east one Khoriesener drsaidiat lspst gra knoan uﬁt@a@lmtrectml fajugp in said

denodul at ed {ehlostiafed & @b J§O 14. The method of claim
11, wherein said nndu %n first signal conprises a

radio frequency (RF) S|gnw

13.  The method of claim 12, wherein it is not known which of said plurality of
modulated signals is said modulated first signal when said plurality of modulated signals
1s received; and further comprising selecting said demodulated first signal from among
said plurality of demodulated signals based on the determined presence of said at least

one known internal structural feature in said demodulated first signal.

14. The method of claim 11, wherein said modulated first signal comprises a radio

frequency (RF) signal.
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22 WD 2008/ 054645 PCT/ US2007/ 022275 15. The nmet hod of
claim 13, further conprising calculating a pluralit

WER0SERH4Ex filter wei ghts based on said rece?@y@52%7/022275

plurality of nodul ated cochannel signals, each of
s ai1 a pl "ﬁh@hétbgd foclae!ai 13, wohplcempfijing elculating hpkirality of complex

el
o TP AR Bipd B R B iRl B Bpdl oo drBEER, cach of
s asaid pluuadlast (Dﬁsyld@bmpbmﬁllteowégﬁts tdresponding nd enetdfiadid plurality of
CO; rcg“f%?cf ulatﬁd co%égqng a éc?eéegg pgq d};{s? %%g)f Eﬁl(‘i Sltgragt)gcr)}acofnplex
pl ﬂttad wd1 ghtofhammémnds‘ tb die Eelmdgfehﬁdlhyteﬁ fitsdlsi @lhalll;rafﬁﬂ infuftiplying
%ffed coc ﬁ aI S to rodu%1 sai d

rmémil rpape @ ij‘ luﬁa o perBplexifikes ypighispy paid phyfality of
mehﬁﬁﬁjla@fi c&h@hri® dignal B PERIEL il HodatdERSsiMAEIn FeMA form.
internal structural feature conprises a khown
rel ati onship of signal strength versus frequency in
said denodul ated first signal. 15 17. The net hod of
claim 16, wherein said at |east one known internal
st t@ict uTlaiI meth@fh@ﬁglaémdcbnwhdrsiesaiéaqdbdsmnetlmnwn int@nal Fhrectural
st ?CBIC ur é]fpr}s urogncl)' atlons}ap Og ll aren V rsusn eg)l(liér?r nlggald
trdmmﬂuﬂdte&ﬁﬁra!slgmakt of said si gnal of | nterest; and
wherein said nethod further conprises determning the
presence of said at |east one known transmtted
internal or external structural feature i n sai d first
signal._25 19. An adaptive beanform ng

ﬁ%r i sTlﬁgm?tmde?ffC&*@déeW'&%ﬂe epg atthaéhoned@Peﬁa H%"rﬁ‘aé stractyrgl
| ntegﬁlfr@gmgewro@{dngtl on conponents conprising: a
non-real tine weight calcul ation conponent having a
nmodul at ed signal input and a cal cul ated conpl ex
filter weight output; 30 a signal specific weight
sel ection and wei ght rearrangenent conponent having a
c al&ul atledmethorpdfelaihid) wheremsaid nterngpn t:xtemdl sauctural feature of said

?igﬁaﬁ%?%gfrgs? 'U%ia%%(mlﬁt (:Hsgpr sailg gtllanou{r)xyer t; gg ] \ghereln r%i method
s p ﬁmhfer @nmsgtﬁetminmgtth@preamb ofisaid tat letist amid lamgmmanstmltted

2008/ 05 / Us2007/ 022275
8 O e i A n SRABIERE (o wat gt

out put of said non-real

19.  An adaptive beamforming system comprising interference cancellation

components, said interference cancellation components comprising:

a non-real time weight calculation component having a modulated signal input

and a calculated complex filter weight output;

a signal specific weight selection and weight rearrangement component having a
calculated complex filter weight input and a rearranged complex filter
weight output, said calculated complex filter weight input of said signal

specific weight selection and weight rearrangement component being
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time weight cal cul ati on conponent; and a real tine
wei ght agplication conponent havi ng a nodul at ed signa
coupl ed to said nodul ated signal inpBtTEE2007/022275
sai d non-real tine weight calculation conponent, a
rearranged conpeése seidcaleplatedicemnplex filjertweight putpef of said apmtreal
rearranged fl . [ ) ut of said signa
specific mg?gﬁ%aégf%%%@gﬁygﬁgg&%gg%? rear r angenent
conponent, and a filtered nodul ated signal output. 10

20. A signal processing..syste nprisin i.gnal.

Sei ect of REDHPY HERACHPPAEY Eripsnert Teipg § myRed S8 ynepy

det er mi ne t heupiedmaaRienafulatdd sighalsihpud BEsdd M rehlNings W Eht

or external tructural feature in saiﬂg&irst shgnal

15 21. The ss?fw%ﬂ%?onenoa?% argarrafged complexiligr weightipput coupled
sel ector is thyxill RAFrasRRBCoEpIEL HitdrQveidh® 6@DWIR T 8aill kikRdl specific
signal in nodul ated for and to determne the

presence of vightglestiop ﬁgfl WRighf\ipRTEREERGTA FonaoneRts and 4| filtered
feature in sgigh draf &pdii rst signal . 20 22, The
system of claim 21, ereln said signal selector is
further configured to receive a first signal in

nodul ated form to denodul ate said nodul ated first

signal to forma denodul ated first signal; and to

deter m Asighhleroueeseguystenf camiprisiag 8 tsigoalaelketonwonfifized to receive a

i nt.ernal .structural. feature i i d depodul.at ed, first
o1 Gbr enay i eléuncai pptedre Tt Bt o Bttt Mgl exitima
Si giARkursletRet of saiBfifsteigdagr configured to receive a
plurality of nodul ated cochannel signals, said
plurality of nodul ated cochannel 30 signals including
said nodul ated first signal; to denodul ate each of

said plurality of cochannel sggnals to forma

pl &kal i The pte@eoksldim 30.etherinyeid senahwelagtr isfurhgr gonfigured to

depRgyl afed ?igruh rir?ﬁxo?dl&@cf‘fo;rm?ﬁq tb & tam?eetﬁfg,%téegbe K at 834t %ne

plurality of "denodul ated cochannel signa

dekeawn externd strynterslefpaiereon sasdinddwated Brsssignghe known

internal structural feature in said denodulated first

signal . 24 WD 2008/ 054645 PCT/ US2007/ 022275 24. The

system of claim23, wherein said signal selector is

f u%_her Tl?eosr}]'];tler%l“(l)rf%girrtl 91, wherein said signal selector is further configured to
receive a first signal in modulated form; to demodulate said modulated first signal to
form a demodulated first signal; and to determine the presence of at least one known

internal structural feature in said demodulated first signal.

23.  The system of claim 22, wherein said signal selector is further configured to
receive a plurality of modulated cochannel signals, said plurality of modulated cochannel
signals including said modulated first signal; to demodulate each of said plurality of
cochannel signals to form a plurality of demodulated signals including said demodulated
first signal; and to process each of said plurality of demodulated cochannel signals to
determine the presence of said at least one known internal structural feature in said

demodulated first signal.
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5 calculate a plurality of conplex filter weights
based on said received plurality of nodul ated

WE3ISAAHEP signal s, each of said plurality of BQF¥S2007/022275

conplex filter weights corresponding to one of said
plurality of received nodul ated cochannel signals;

and 10 select a first one of said plurality of conpl ex
filter weights that corresponds to said denodul at ed

fi24t sThrsybtemad eldind3,vherqr egbagnal slector isl fadlsr configured to:
known internal structural feature in said denodul at ed
first signal; and nultiply said selected first one of

sai d pl cal@latd y plofaligoofisbmplek filtereweighes lgisécsorbgaich‘ad:edivedbﬁlrality of

| it f ted h |
e ol avBiA Rt SAE Breagt ot Tirt by Bl ERplex fite

25. The systwdips c&}eaﬁdﬁﬂﬁgxo HREITed i pRiclitly G¥tredePRd modiiBted
known internal_ structural O feature conprises a

known reIatﬂ@ﬂ@ﬁPﬁS§?3§M@QaI strength versus frequency
in said denodulated first signal. 26. The system of
claim 22, wherein said at | east one known interna

st r uct ugeddct a fist onsentf saié plueahiti ofxemplex filtboweighinthat @rrespphds to

system of cl s‘afdgaeg]%%lulwﬁc? i % Qgr?‘a?hf%eé bi tch% g}?‘esg‘ggkﬁﬁ lea?lhone known

conprises ara

syst em of cllauemamcucmmirfﬂanm ingaid dsmgdlﬂdtedsﬁﬂsmgnar and
configured to determ ne the presence of at |east one
known internal or external structural feature

t r ansm mtgiglyasidaaletted fifst Sl off sdiil pRikali®y @taple? filter weights by said

plurality of modulated cochannel signals to produce said modulated signal

of interest in filtered form.

25. The system of claim 22, wherein said at least one known internal structural
feature comprises a known relationship of signal strength versus frequency in said

demodulated first signal.

26.  The system of claim 22, wherein said at least one known internal structural

feature comprises a pilot tone.

27.  The system of claim 22, wherein said first signal comprises a radio frequency
(RF) signal.

28.  The system of claim 20, comprising a signal selector configured to determine the
presence of at least one known internal or external structural feature transmitted as part

of said first signal.
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