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L- 3 | nt egwetzed/Byssens Conpany 5 BACKGROUND OF THE | NVENTIUSRO0F03051€! d of
the Invention [001] This invention relates generally to radio frequency

(RF) signal reception, I r } aration
of cochannel anpﬁ#%@éTﬂﬁgﬁmcg’W%giﬁ%;#éﬁégﬁgwg@ ﬁigﬁd?)ﬁﬂof t he
Rel ated Art [002] Cochannel si grsIGNAIL ENVERONMENTCUrs when two or nore
signals are transmtted at the sane tinme over the sanme frequency range.
For exanpl e, cochannel signal interference nmay be encountered by a
receiver that is receiving two or rgfjemsd B@llinglS5 transnmtted at the sane
frequency and at the sane tine by two or nore separa transmtters. In
such a case, data (e.g.;AﬁﬁwéﬁAﬂéFﬁyzﬁé&@K@E? ,y%F@§;%8@W@hined in any one
of the interfering cochannel signals cannot be accessed or processed
further without first separating the given signal fromthe other signals
to al | owSdenodul ation or ot BACKGROIZYD Of THE IR I g, 20 [003] In the
past, beanform ng and interference cancellation techniques such as spati al
interference cancell ation have been enpl oyed for purposes of cochannel
signal separation.. Thé&ssd olthehiveni®a enpl oy nul ti pl e sensors to separate a
given signal @hyy | N #hESheRonBARE LGS Blld AOfcRYIRRS figkal GREhRANGd
signals from J si gna of 'interest. However, such approaches re%ylre
spati al separmbieqrrtpfulasiyup cesplion anddicpdrgiontaf coslpandjapplipgle aedalatedt (AM)
nulti-cqrnnel.t%ﬂgrs havi ng a nunber of channels corresponding to a nunber
of sensors that is equal to or greater than the nunber of cochannel
signals. Wien the nunber of signals exceeds the nunmber of sensors, the
signal environnment may be characterized as overl oaded. Performance of
tradi ti onal beanfdnin It

[002] Cochannel signal interference occurs when two or more signals are transmitted at

.hL\ a

the same time over the same frequency range. For example, cochannel signal
interference may be encountered by a receiver that is receiving two or more signals
15 transmitted at the same frequency and at the same time by two or more separate
transmitters. In such a case, data (e.g., voice data, text data, efc.) contained in any one of
the interfering cochannel signals cannot be accessed or processed further without first
separating the given signal from the other signals to allow demodulation or other further

signal processing.

20 [003] In the past, beamforming and interference cancellation techniques such as spatial
interference cancellation have been employed for purposes of 9ochannel signal
separation. These techniques employ multiple sensors to separate a given signal of
interest by canceling or nulling out other cochannel signals from the signal of interest.
However, such approaches require spatial separation of sources in addition to expensive

25 coherent multi-channel tuners having a number of channels corresponding to a number
of sensors that is equal to or greater than the number of cochannel signals. When the
number of signals exceeds the number of sensors, the signal environment may be

characterized as overloaded. Performance of traditional beamforming and interference



1 WD 2006/ 026486 PCT/ US2005/ 030515 cancellation techniques typically fails
or degrades in such an overl oaded signal environnment. SUWARY OF THE

| NVENTI ONVD 2p@0np48bi scl osed herein are net hods and syst eas/ushens/osasys be
inplenented to separ ate cochannel AM si gnal s in an overl oaded si gnal

envi ronnment, i a signal envir t he nur c I

si gnal s excee“t?gcega‘i\‘iﬂrﬁ 3“18\“65 ﬁagi’ gP @%n% gs m,su se ar0 g{rg’ggeﬁ{] g%ﬁgls).
Advant ageousl gavirbdieengli scl osed rret hods and systens nmay be i npl enented in
one exenpl ary enbodi ment to achi eve separation of cochannel AM 10 signals
in an overloaded environnment using data obtained fromone sensor through a
nmet hod of iterative projecti oS MR RR APV edrignuse data obtained from
a single channel tuner, for rteratrve met hodol ogy of the

di scl osed net hods and systems el i m nat es the need for nulti-channel
coherent _hard constra

sour ces. °15 ['(L L?F‘ncq% %%3 naem Ods ?%d Syg g%lt%ge yqﬁg{?’%@%@%ﬁtﬁ%% tgllg?r?x; may
be i nmpl enent ecd)chaﬁmell ,molrﬁgmlgml amdareklmtdpd aiptlalpavirommaboe., of sigml AMtirosmeitver
system by enab] i n arat on_even he _n r of AM
cochar mel  si gW}é h%% h“é’C grt?go ’Sscgeh%r g otr’erao\r%{]e ar]f%tees résﬁergr)f

anot her enbodicpmife, aﬂté]ﬁaagl sald@smgenmmom dintbssy sheimgls gy sﬁ&:nisr‘rpiagn@nt ed

to reduce the cost, conplexit nd/ o ize of an AMreceiv S by
reduci ng t he FRRSRENTeds ms‘g’r‘?s?i‘reépgﬁﬂ g?‘f"é‘g‘ﬂoﬁqcﬁcﬁlﬁv% 8??3?%% ogucﬁé} n%%a}ﬁlﬁlg]l s
that ar e o equiigRe noaSeRAMoAld @QE&QMEhsﬁ@/ldSﬂagib&hlﬁ:d ftoin ym sanot thesugh a

enbodi nent, the disclosed nethods_and systens ted to. allow
more ef fici enmethedobiteratie Projertiqnaq TBIvaymBEHENEY 1 %/%eéwa ‘%%éléqrgeeég‘fl? 78I

separation of ;Rge] GinetPfR dkahgie! thAMierstive tdtBodologinod thelakelosddl mehodaane! AM
signals that are intenti onally transmtted on the 25 sane fBequeF@ﬁ fand
potential |y a$ysEwms rediminatgs| the P?f‘étﬁobﬁmg}’c}@ml%cﬁ%ﬁr‘?% RargpvateranddBe sostt ©

approval procgsg,ifyde aqgt{g@{qllultﬁ,lfggg,gr(:@@w AM br oadcast channels. [006] As an
exanpl e, in one exen% l'ary enbodi nent, the disclosed nethods and

15 [005] In one embodiment, the disclosed methods and systems may be implemented to
improve reliability and performance of an AM receiver system by enabling cochannel
signal separation even when the number of AM cochannel signals exceeds the number of
sensors or antenna elements. In another embodiment, the disclosed methods and systems
may be implemented to reduce the cost, complexity and/or size of an AM receiver

20 system by reducing the number of sensors and corresponding separate tuner channels
that are required to separate cochannel AM signals. In yet another embodiment, the
disclosed methods and systems may be implemented to allow more efficient use of the
AM frequency band by allowing selection and separation of one or more target AM
signals from a number of cochannel AM signals that are intentionally transmitted on the

25 same frequency, and potentially allowing simplification or elimination of the government

approval process for establishing new AM broadcast channels.

[006] As an example, in one exemplary embodiment, the disclosed methods and
systems may be implemented as a receiver system that is capable of separating or

30 isolating at least one AM signal from two or more transmitted cochannel AM signals



systens may be inplenmented as a receiver systemthat is capable of
separating or 30 isolating at | east one AMsignal fromtwo or nore

transm t two 20@ohea36el AM signals 2 WO 2006/ 026486 PCT/ BEZAG240B88B15 usi ng
a single sensor (e.g., single antenna) coupled to a correspondi ng single

channel tuner. Such a single-sensor jnplenentation may be ut.iliz 0

achi eve cost 4 %é@glﬁrfﬂnsogé%c gae F@B{?H&% rcogxg%(féon? §?r£ee5¥°r%én(% Tl?%l%tclﬁ%élgl
install ation @ferS®ubh @ shekebMOF ing)l&heiiation niuylvelueilizqdl tatatldevescotesagings sl ps,
aircraft, autonobiles, trains, ug mnned, aeh%al geh' cl es rmdgl 5 ai Ler aft,
etc.), where TCAASE FREALVER YERS1Z ?@@Pn%ﬁlata 0B of b RyeGRier PYSEBHELFOU enna
receiver systgnBordkeloTNhaR! hid@hft, Odutdrighaiss | thii, uhRbbiled Hegaldiaddlas etdaet hods
and systens nmay be advantageously inplenented |n one _enbodi nent to

sel ectivély i&itrah el Were paplepeianaesioprees ap m°ﬁ¢g?°$1ﬁr%1ﬁ&fse‘b%"688*§§%g,

etc.) one or..noi& sfeshd £6ikRedRANR impisiegnal s from t he cochannel AM
signal s that have 10 been separated from an overl oaded signal environnent

that is unintentionally or undesirably created, e.g., such as when a

per manent or ile receiver |s.geagraphical ositioned t n
transnitters ﬁglt ﬁ’reecgﬁchfi Wle{hf’ﬁl%d‘%%ﬁa%grf’bﬂlﬁy i’XS‘\i/‘% l%tg?loélgl é%f%g?\é\ggﬁ%él\é% at
the same ti MeembI@mentTRIRH0ly SOk @.g5 ifbrumipose of Kstanirty, Glrthebpoedsingcad. v er
that is | ocated between t cjties vin ransmtters. that. are

si nul t aneous| g€ ﬁ%mﬁﬁedga‘éeggﬁqchﬂmwgfﬂﬁ%ﬂg%h%qﬁ%gm sl ﬁ?’i(ﬁ%ﬁ%)}hﬂ RLE)
Hovever fohe dpgssl apedieeibads aneicisd effialmeyvidhsontbtat B luainesmtienhlliynor

anot her enbodi nent to enabl e sel ective isol ation 1c)>igeeone or. nore ﬁ\Mslfl gnal s
that have beebndesiEghhi deaess £8oMARSIHERAPPERAFTYT BROYRISCHEF AT B RMEded

over| oaded si ?Mlon@@%ieﬁ@@rmtg trandnfittbr8 i tBat F2Q AbAbmitiieD AV IBfa® M ShgBahs may
be intentionally transmtted at the sane tinme 20 over t heiég_ggségel ect ed

frequency ran§eduencsneirihesentcctime r One praRle Ak fugh grsitpation s Keh geferver

frequency ra“g{?xt iL NMoSHED RAvRALRA B, niie; aralanes! 1AM St 9aalBaiBYsly
originate or be transmtted in any manner suitable for creating an

over | oaddd si hradcasting AN sigapls af the pamafidgencyhe AM cochannel signals may be
separated and at | east one of the AM cochannel signals nmay be isolated
usi ng the disclosed nethods and systens. For exanple, the

[008] However the disclosed methods and systems may also be implemented in another

embodiment to enable selective isolation of one or more AM signals that have been
separated from an intentionally or deliberately created overloaded signal environment.
In this regard, two or more AM signals may be intentionally transmitted at the same time
20 over the same selected frequency range in manner to more efficiently utilize the selected
frequency range. In such an embodiment, the cochannel AM signals may originate or be
transmitted in any manner suitable for creating an overloaded signal environment from
which the AM cochannel signals may be separated and at least one of the AM cochannel
signals may be isolated using the disclosed methods and systems. For example, the
25 cochannel AM signals may originate or be transmitted from geographically remote
locations (e.g., by transmitters and antennas located in separate adjacent cities, by
transmitters and antennas located in different geographical areas of the same city, etc.),
and/or the cochannel AM signals may originate or be transmitted from a common
geographic location (e.g., by transmitters and antennas located at the same radio station

30 or other facility).



25 cochannel AMsignals may originate or be transmtted from geographically
renote |ocations (e.g., by transmtters and antennas |ocated in separate
adj acent wotzn@s2648y transmitters and antennas |ocated POTAISEH080805YS
geographi cal areas of the sane city, etc.), and/or the cochannel AM

signal s may iginate or be transmt : ' ti
(o byt v Atk oF af Lo AT E IR mRTI A SRAGHERT, ey R 50"
or ot her faciihichtydnalld tM¥EnAOEIGHER té SEmPETEWOMDABLBI08ES. L aagher [excroplary

exenpl ary enbodi nent ti.ple ¢ rcial AMradio _sign

i ntentional | f”qu" H%%T’twd‘aggeﬁlgqaﬁgtﬁ%aco %gle uel\é(%ltc ed T é{dﬁgﬁ%&n@%@g& cafher-

an]?t her t exerr?leafeyl inmaﬁﬁnnhfghway‘\fdla?taﬂirﬁorﬁiag'mlemetga:ad:y boeadastrsypatnl TEBSer vi ce

information (e,g.,.weather- related informti hi ghway- r el at ed

i nf or mat Pon, BHEFERTe 5B I REALFIIRPR yg‘?ﬁoa‘g‘i%%'eﬁgéricﬂ?tg?ﬁ%%& gromaeaeeded pe

![ Rt enti onal : Yba![@irsdQﬁlgﬁf ﬂ)%tsa@ilets%éte&ﬁ@@eﬁ%wt@ge/ usHd BN oA fhad sraneededd bhasther over
e same sel ected frequency range used by, aqr that may b ed b t her

transm tter/ sTFmitior's A genals §.8 cOBmTEY ifﬁ\([ “}Sﬂﬁ F%F%ﬂquaﬁsgﬁ?’iaPﬁ)?es) *° For

exanpl e, the g;disel aReRdBIdQSemantly SY ShsbBeri@yolEow ikl gablicsealideow

intermttent public service broadcasts sge. g., upon occurrence of a

cat ast r ophi ¢ oadsests(geh URSN PECHABNCE 043 RAta ﬁpblﬁﬁﬁ'&E@Fh i@plﬁﬁr%ﬁsg‘o?arﬁﬂ?atl?’cane,

etc.) tgobe t%ﬁﬂﬁ(?[i}ﬂx}rfcqmg\éfc.r) 16 BE trMsr IS v e 08 GdRN BMVE e duBndes (e @Y BFerd
sel ected nunber of nultiple AMfrequencies) that may be shared by | ocal

comercial  Avlectdinymbenef wpiiplel AMsfshensiesk Bbapyrbashared Prelsphmmggabe
configured acg%gh@g,tagns.t Besuth §ﬁg@§&ﬁm9ﬁ,t Mﬁivmﬁa}%&&l@u&@ ai:c%%gi% the

public service broadcast from ot cochannel AM signals. 15 [001
Whet her an ovide |diatteet siethodd awhsisteonrteritolits thenpublie iseviee tspadpest fropather
di scl osed neth g%epms\%ﬁserrs may be inplenented in one enbodi ment in

. . cQenan . . . .
speci al i zed puqn I'C service radios that are designed to isolate a public

service AM broadcast signal froman overloaded signal environnent if it
shoul d happen to exist at time of the public service. transm ssion %edz -
C
0

to hel p Bnsur B01Ha¥hether Pupterloadsdrigrebonirarmtds yAntionaly BB ke
glngg{ Og‘g\éer SeneMGRA RN ysknNdhy 60MdhitieRsd in bie 8MBSdIREntSRNPEIATRBY puble:
service radios that are designed to isolate a public service AM broadcast signal from an

overloaded signal environment if it should happen to exist at time of the public service

transmission (e.g., to help ensure that the public service transmission is received even

20 under adverse cochannel signal conditions). In another embodiment the disclosed

methods and systems may be implemented as part of a commercial AM radio receiver

that is configured to receive commercial radio broadcasts under normal operating

conditions, but that is also configured to isolate and identify intermittent public service

broadcast signals when they occur in an overloaded signal environment. Such a receiver

25 may be optionally configured to preferentially play the public service broadcast to a

listener. In any case, a signal environment may be overloaded prior to the public service

transmission, or may be created by virtue of the transmission of the public service

transmission simultaneous to other AM signals on the same frequency (intentionally or

unintentionally).

30 [0011] In any case, selective isolation of a given cochannel AM signal from other

cochannel AM signals that have been received and separated from RF data received in an



nmet hods and systens may be inplenmented as part of a cormmercial AMradio
receiver that is configured to receive commercial radi o broadcasts under
nor mal opwoaveange4seondi ti ons, but that is al so configuredTius2008@I2 and
identify intermttent public service broadcast signals when they occur in

an overl oaded si l, envir nt Lver td :
configured too%Flg%%Pg}%nlalaﬂg{;g%Teﬂ/mt%{g)pB%‘frlﬁlggéﬁéfeﬁ %‘ee ng%% ca%%a slpga%hlgy

i stener. |n thayidadise pf thesgigerabneenf/ ihe cronizmpelndlyl kignady e Shdndedmprandmayo t he
public service. .transm ssion, .or may he created b LT e, .
transni ssi on JfEHHa ﬂbﬁ’ﬁalélpgeﬁ\ﬂmcén transm ggsb?eor{m)s/ig% t%b necgé%sgr{éoao%l er AM
signal s on t heckaiiel Avegigasicipr (dobutient 4. @naltbuyham ruseruchiondien & desiaddl gochan3del
[0011] In any, case, sel.ect.ive isolation of i.ven cochannel AM signal from
ot her cgc hanW@f“fcﬁ\W fg’f ﬁﬁl?lgg’tah%ﬂmﬂlf%\rlé’mﬁgséﬂr %’é’ggf‘%écfe ﬁta(? §%%§?I§%E?a ¥ RF
dat a recei vedpdeBedfdr pdfoARindRpLARE6:A86at R, L¥52005/ 030515 overl oaded si gnal
envi ronnent may be perforned in response to a command specifying the
identity of the given one of the cochannel AMsignals. Such a command nay
originate, fo 00?23 U rek regg‘d%@%sédloﬂ{r&ﬁ iS4 LaRbE 0 roé&'siﬁg%@' hoggi ng a
gi ven cochanhe S|gnéf or 1solatron, e.g., a human usSer choosing a

desi red cochainniebes5 docedddg BFtdafagn ahiostrémienigsigml eomooment, fhe geeysdRFcherosi ng
a sel ected cochannel Dbroadcast.. ed ] i §i ask, at
nand, ot c. [ OOTIIE SRR dop el areed 2L R R iAo R fhd it
processitig AMisbgmdlsspatdiiap eadhnd thecheshannal Nl gignajs REmcbdlica codhamel AWesifwdded

si gnal environ nt,.th g%eived RF data including cocharnel AM signals
recei ved in t NeSHEHEYE %E hcy range and at the same 10 time; and
separating each of the cochannel AM signals from other cochannel AM signals
of the received RF data. [0013] In another respect, disclosed hereinis a
net hod for tr K033 Intannerbnscy diatlesed hatein is ganaiersisiop rensmifiting ARE sigaalgthat

i ncl uding coc AX@- L §3Hap hQka; | SPARSidMIst DR sioh HEAH SRGY
range and at Fﬁgﬂgg%g %ﬁe f&%‘%@%%% ?%ﬁﬁ%& a pg%gkver opergfing in an 15
over | oaded si fa@ienesnvinge rame rat ,the hame diowi foerreeephidn uiraeteceiyers eprattigenedith of

t he cochﬁgnel

overloaded signal environment, the receiver configured to separate each of the cochannel

AM signals from other cochannel AM signals of the RF data.

[0014] In another respect, disclosed herein is a system for communication using an
overloaded signal environment. The system may include: transmit circuitry configured
to provide RF data including cochannel AM signals for transmission in the same
20 frequency range and at the same time; and receive and separation circuitry configured to
receive and separate each of the cochannel AM signals from other cochannel AM signals

of the RF data.

[0015] In another respect, disclosed herein is a method for processing AM signals, that
includes receiving RF data that includes cochannel AM signals. The method may
25 include separating each of the cochannel AM signals from other cochannel AM signals
of the received RF data by: i) providing an initial estimate of (S) of the cochannel AM

signals and an initial estimate of (a) representing amplitudes and phases of the cochannel

RO
AM signals; ii) providing at least one additional improved estimate of (S )of the



AM si gnal s from ot her cochannel AM signals of the RF data. [0014] In

anot her respect, disclosed herein is a systemfor comunication using an
over | oadestozpgmabssenvi ronnent . The system may i ncl ude: PCaNsROs/080S1EUI try
configured to provide RF data including cochannel AM signals for

transm ssion in the sane 20 frequency range and at the sanme tinmey.-and
recei ve and SeRRHALI AN s?gn‘éfé%héeﬁﬁt e BHRA hat re%@;ﬁ@téu(xﬁ)uaedm&w)(fﬂ ateofeach
of the cochannel AM signals from ot her cochannel AM si % of the. RF
data. [0015] the csebanhelr ANbsperels, adimeest aeent RV H FSEmalnat o) Fyrssenting
processing Al tdat @i aHr idng (Woas
cochannel AMI\45| 19&11%|s§ndrhﬁ‘££s oftﬂ&k&‘ﬂ%&efﬁﬁfﬁgﬁﬁgﬁge%ar ating eachbgf t he
cochannel AMlsbgmedtlslngtGQrmﬂmtﬁéﬁp@d@déﬁmaﬁwwl%ﬁls%usgﬁ ‘the received RF
data by: i) providing an initial estimate of (S) of the cochannel AM
signals and an initial estimate of (a) representing anplitudes and phases
of the caehanpgie] 16 kanotit %sﬁéb@-' Siclosed hBfe@V isdi @ MtsigneR plocanig agtetbmi thatal

i mproved estimate of (S )of the, 5 WO 2006/0 6486 PCEEU%'BB(S) 5/ 2%3515 n
(k-1) cochannisFluden pegratnsl s5aEaEP at ol ER1OUPIRY fapeldh P¥evi ous
estimate (S )gfior otpgﬁtlﬁf?rhé’rp Bﬁérlonsdl%Bﬁérﬁmroﬁmémsﬂle l'r@dé%ﬂ RJT @ath Qitmd(afgt i mat e
of (a) representing anplitudes and ases_of the coch AM s and
the recei ved ®FhamebAM jignageeiyqd;ip ﬂi*eeﬁ%‘ﬁtfreﬂbe@i’ &P jay ﬂﬁ Ials‘m%é’ie E‘ﬁ‘gc 9 ed
term nation C%bél@é Ad s'eﬁ'ar§ti’-'btn'c?rEﬂuﬁ'§j may bd O B Lireli o spRakiack E5BEEchariesAVOSed

herein is an AM signal” processing systemthat _includes receive and

separ at i ¥n C|m@wﬁﬁmemm@hamdAM@@nﬂléoﬁheﬂeé?%[e‘?RBH‘?tét | east one sensor
operating in an overl oaded signal environnment, the received RF data

i ncluding cochannel AM signals received in the sane frequency range and at
the sane timepoihen iweRt tespaiddisapad dieted isC b thglammcbelrgmyﬁuemuﬂaed to
separate each of the cochannel AM .1Q si %ﬁfﬂ s fram %gﬁ% ochan

signal s of thECREesTrCRAYE AR SERATAION CHEHTY CqURI4 AR FeRglye om %Iflg% ens

herein is an AMisingRfhn VPEERAIsEaIY Sk @Meht) Ble received RF data 1nclud1ng cochannel

AM signals. The receive and separation circuitry may be configured to separate each of

15 the cochannel AM signals from other cochannel AM signals of the received RF data by:
i) providing an initial estimate of (S) of the cochannel AM signals and an initial estimate

of (a) representing amplitudes and phases of the cochannel AM signals; ii) providing at

AlE)
least one additional improved estimate of (S )of the cochannel AM signals based at

A1)
least in part on a most recent previous estimate (S ) of the cochannel AM signals, a

20 most recent previous estimate of (a) representing amplitudes and phases of the cochannel
AM signals, and received RF data (r); and iii) repeating step ii) until a specified

termination criteria is satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

25
[0018] FIG. 1 illustrates methodology according to one exemplary embodiment of

the disclosed methods and systems.



includes receive and separation circuitry coupled to receive RF data froma
single sensor operating in an overl oaded signal environnent, the received
RF data iwolzeeiagessochannel AM signals. The recei ve an@CIAS008108a50S

circuitry may be configured to separate each of 15 the cochannel AM signals

from ot her co nnel _AM.signals of the received RE by j.din
an initial esﬂ;ﬁﬁt e %‘ﬁ (ZSI)ugSg‘iﬂ{etS ﬁesyétgglhasfﬁ%@ng,&ﬂllogle S’ﬁ%@%{n bgﬁfnlger?% ?}zﬂe °
estimate of diglose®epeds@ndRgstanpl i t udes and phases of the cochannel AM

signals; ii) providing at A(k) least one additional inproved estinate of
(S )of the cochannel AM signals based at A (k-p least in part on a nost

recent previ sti .S f C : I oIRs
recent previ 8@@2025t i%‘g lg S“)(’%?aPieogr%éé‘g%r?{ﬁ’gﬁgnr%tmoﬁﬁgg@@%%b“ﬁg%es o(%f t he
cochannel  ANMh§ 1§84 mettds hRCHEte@El RF data (r); and iii) repeating step

ii) until a specified termnation criteria is satisfied. BRI EF DESCRI PTI ON
OF TIRE DRAWNGS 25 [00181 FIG 1 illustrates nethodol ogy according to one

exenpl ary enbodj nment fhe disclosed t had nd._s

2006/ 026486 F@%{EZ o’?)@}/f 63@%5?‘%"63 F@bf’? 85 Tt pacisrding \dops é?%’@@%@‘é’?@%ﬂ%%%for di ng
to one exenpl @k Yis@PRAHARIAL o sybiegs. di scl osed methods and systems. 10020]
FIG 3 illustrates a plot of f (A) according to one exenplary enbodi nent of

t he di scl osed nmethods and systens. 5 [00211 FIG 4 illustrates a plot of

f(A) accordin on enpl ar mhodi.ment .of. ..t he di-scl os hpds. .and
syst ens. [002@?5% Gsﬁ(%xg? I ﬁ]ﬂgtfa %trgsuhsesogl ipulap &gi ﬁ%:fogﬁegn%g%er og)rrzhcf
accordi ng to #mbBodd®iydde dgibsef methedsding eystemisd net hods and syst ens.
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

10
[0023] Using the disclosed methods and systems, cochannel AM signals received from
an overloaded signal environment may be separated from each other. In this regard, the
disclosed methods and systems may be implemented in one embodiment by modeling a
cochannel signal environment to facilitate separation of cochannel AM signals in an
15 overloaded signal environment. For example, for purposes of illustration, a single sensor

receiver may observe m temporal samples of n independent AM modulated sources
transmitting in a common frequency band. In one embodiment of the disclosed methods
and systems, this single sensor situation may be represented by a uniformly sampled
complex baseband received signal model of the form where received data (r) is equal to

20 the signal matrix (S) multiplied by the complex vector (a), plus complex noise (n):

r=Sa+n

(Equation 1)

25
[0024] where r € C",Se R™,ae C",ne C". In the model of equation 1, the columns

of S represent temporally sampled waveforms for each source. The elements of a are

complex scalars representing the amplitude and phase of each source, and n is a complex



10 [0023] Using the disclosed nethods and systems, cochannel AM signals
received from an overl oaded signal environnment nay be separated from each
ot her. | rwohhe/negard, the disclosed nethods and syst emsTIEsY005R30515
|trrp:cerre|nt tedti n one enbodi mfsnt bK nodeling a cochannel signal environnment
o facilitate separatl n of cochannel i ghal n ed .sign
envi ronment . ‘@%ﬁﬁpﬁﬂngﬂﬁfaﬁﬂ?ﬁ8§8§ (¥F1%ﬂﬁs%ng1gh(ﬁ§k§¥ﬁﬁlé§§ké$d anal
recei ver may s@bt%ﬁﬁ ey B i '&@lrﬂm.'lh&ki 1ﬁam=)lem$od1ﬁaent told&ﬂbﬁpmaduem‘stlmm Pogluérat.ed

sources transpitting.in ency rrbod f the
di scl osed rret“h%‘?fssu“é??éulﬁ%‘?g}?ﬁo gh Eg? é’fglsﬁé%?a’%‘i‘? Vi oﬁ3 alssey Oug?l
represent ed Qyuﬁw&ﬁbﬁﬁpﬂkﬁmﬁaﬁmh@doeﬁﬁﬁﬂmehwbﬁg@band recei ved S|gnal nodel
of the formwhere received data (r) is equal to 20 the signal matrix (S)
mul tiplied by t he conpl ex vector (a), plus conplex noise (n): r = Sa+n
(Equatlo 25 [0024] wherer eC' SeR, aeC, neC. In the nodel

2Lcﬁq§§Lr ce. 1@9%531%%3?2 gy S PR BRAPA DGRl ey SRR R g 1o
anpl i t ude andrephalmlpoabf E@mhomdwa(separamdocrhamsel aAMcsr'rgmlabmn an M@IQ@@G/S@%M%

. ted 1 n one
embodi nent t 0sy@@tner s nl(ﬂlsﬁﬁte@ﬁri]}"lgﬁé e, ﬁll@s \oéa and S nmytbe nmmhzc@gss&m 11¥stAsmat i on

of S, each colum of the e d t. h
M denoddl at vl Sxhe ASerbH Lo T RouBaTS ArstiPel i, af AR one
exenpl ary nethgeded ﬁméh;l&i(ln%tfaﬁﬂlmyfarhﬁnwﬁmle@yﬁﬁougﬁlmg als possibid thatlaanesyﬁwp of

Equation 1 to, se arate cochannel . AM SI s in an overl oaded si gnal
envi ronment  atEBlEdYh FYSTET 8KE I%W)P %dl nment of the discl osed met hods
and systens. As illustrated in Figure 1, values of a and S may be

initialized in step 110. As
[0026] In step 120 of Figure 1, the estimate of S may be improved using the most recent

previous estimates of a and S. By an improved estimate of S, it is meant that the most
15 recent estimate of S more closely approximates the true value of S than a previous
estimate of S. In this regard, S may be estimated the first time in step 120 using the
initialized values of a and S from step 110, and thereafter, as may be necessary, using the
most recent previous estimated values of a and S as described further below. In step 130
of Figure 1, the estimate of S from step 120 may be constrained to be real. The results of
20 step 130 (plus other results such as the previous estimate of S or possibly the current
estimate of a) may then be evaluated against one or more selected termination criteria in
step 140. If the termination criteria has been met, then the results may be accepted in
step 160 as shown. However, if the termination criteria has not been met, a new value of
a may be estimated in step 150 using the previous estimate of S obtained from step 130.
25 Step 120 may then be tepeated as represented by iterative flow path 152, this time using
the most recent previous estimate of a from step 150 and the most recent previous
estimate of S from step 130. Using this methodology, steps 120 to 150 may be
iteratively repeated until one or more selected termination criteria are satisfied in step

140, and the results accepted in step 160.



10 will be further described with respect to the sinulations described
herein, each of a and S may be initialized in step 110 as random val ues,
al t hough WO 20&/@b46 possi ble that a nay be initializedpartus2asp3ciher
suitable type of value. [0026] In step 120 of Figure 1, the estimate of S

T R A o Rl e DB T R e Py & 2

nmore closely 1apwf@xguaau @Sing e hos eecent! previafs eSuﬂhktamfa apnd ehel mussmsashmatee of
S. In this regard ed t n.ste sngthe
Cni 1l i zed VBT SeSingt ShL s BEpGRGouH Sotongirint Ry bR d3%ngS e
necessary, UShifioh Bface TBSS. F&Qﬁﬁl’hpl@rlﬁ\UnQHﬁlb&ﬁhlbm&h@d)IM&inwﬁ&eCfbr S nagdeS as
descrlbed further below. In ste oﬁ1 Fi ure 1 QP esti te of Stf
step 120°nmay BECEH P 9y ﬁ%‘%flc}eﬁn%é(’lf'l‘%%ﬂs t r latiyely “gpsergod ﬂloftsff“cf’ﬂ)l us
other results such as the previous esti mate of S or possibly the current
estimate of greviews etshmmtehné Sedeaiowdtaecs agaalongt witthensingprresidual eqrsisaint. In

termnatlonCJterl st. h mgr}g@en
met. then the F é&%ﬁf‘? §m b 8 (0] Ccrgfe{s ta tltle §1stta§&%%%'lrpﬁxe%rr6ﬁeﬁ{u§ %O e

t he term nat iwiere thid dsthme hﬁ&ldmmtedb:gfamkmgth,e Faoheaws vaduel thd dlffarenwybeb‘eeen
estimated in step 150 using the previous estimate of S obtained from step

130. 25 Step d2Q By dsfiGheP8 r%&%ﬁ@gre%ug eRiesené ed. bynd bRbatikyBodd aw pat h
152, this time using the m)st recent previous estimate of a fromstep 150

and the most recent |mate of S fromstep 130. Using this
met hodoll8gy, @fﬁéﬁfﬁaslg@f vihere Aedrati vel y repeated until one or
nore selected term nation tf‘rilterla are satisfied in step 140, and the
results accepted in step 160. 8 WD 2006/ 026486 PCT/ US2005/ 030515 [0027]
Referring nowto Figure 1 in nore detail, a value for S may be estimated in
step 120 of Fi gurie dxleusienmlatrhemhmditneme@eMnsmimd optsmigsticnnproblewf may dred t he
previous estimate for e solutions for S,
constraints nﬁ‘;?r%%edaﬁ'ﬂl‘f%“?%ﬁpgaﬁ@gﬁﬁe&s{ % |%’t}11°"’5v|%ace for S. For

exanpl e, in one enbodi nent the solution space for S may be 5 reduced by

only considering solutions that are relatively "close" to the nost recent
A (k-1) mmtr{E E}

RN
r—(E+S Ja

15 (Equation 2)

subject to =0

where E is defined as follows

IROBNCE)
E=S -S ,

20 (Equation 3)

/\(k) L] . .
[0028] where S is the current estimate of S that minimizes the objective function and

satisfies the constraint, where & is the constraint bound, and where tr{-} is the trace

operator. (Note: ”E“; =tr{EH E}.)

25 [0029] The constraint bound, &, is a parameter that may be used to define the squared

length of the residual during the estimation of S, i.e., it may be used to represent the



previous estimate of S, denoted as S, along with inposing a residual
constraint. In this regard, the term"close" refers to the distance netric
i n the Frwbenieuresser m sense, where this distance is calpculst@dobosis aki ng

t he Frobenius normof the difference between n(k) n(k-1) the current
estimate, S, and the prevjous timate, .S . ..The Fr ni rm.is 0
defined as, I'cﬁuﬂf"%ﬂe—‘ p ﬂ#}g}lgmﬁc}(:b%.eenx@le KDL, agggﬁeegg%pﬂ{ggr@aé odi nent
a constrai nedu@silé canzaiihbupd alethedslo@ymibebe aexglogsde thegsadiibeofithediselesetdi on of

the trace of {E&E} as follo mntr{EHE} r (kUJ2 subjec 0.0-1 EfS a =S
15 (Equati on éﬁﬂ%d?ear"g PSPWS 1T FEY RS ?%?qsgéﬂtuﬁ?w Vﬁ?‘{?- ‘1%0 Ee:ags foga Ekiagt
(Equation 3) sqlieps (RARS] coMsesitt. SAl SorstiintChisung NfalheSinkyratse laf scctedathat is

m nim zes the objective function an satisfies. the const rai.1 t1 %Q/ne[{‘e (5 1is
the consPrai MOMEIGTE! O RABFIee &y [etp @ FEnalG of 1Q15e BRKeT s 6‘?“.15\(?\10 8 Bl

=trEHE}. ) 25 [REBI8]apfiecit fNshting! éond@aifdbouad valus i@t adeadRicthioddlbgt tharis be
used to define the squared length of the residual during the estimation of
S, i.e., it nmyelpBewisle to represent the 9 WD 2006/ 026486

PCT/ US2005/ 030515 al | owabl e ambunt of m smatch between the estimates and
t he observed data. Any suitable constraint bound nethodol ogy may be

enpl oyed in the practice of the disclosed nethods and systens. For

exanpl e, a cojeso]aihetcohativdd uptitzatdn Probleadsf Equation @asdy be solved using any

10 suitable methodology. Further information on similar solution methodology may be

found, for example, in Joel H. Trussel and Mehmet R. Civanlar, The Feasible Solution in

Signal Restoration, [EEE Transactions on Acoustics, Speech and Signal Processing, Vol.

ASSP-32, No. 2, April 1984, pp. 201-212, which is incorporated herein by reference.

[0031] The optimization problem of Equation 2 may be solved in one exemplary
15 embodiment using Lagrangian techniques. In this case, the Lagrangian may be

expressed as

L(E, 1) = tr{E"E}+ z{{r —(E + §(k~1)]ar [r ~(E + §(H)] }— 5}

(Equation 4)
20
[0032] The gradient of the Lagrangian is
Ak
25 V. L(E,A)=E+1 [E +S JaaH ~ra”

(Equation 5)

10



squares residual constraint. A constraint bound value may al so be sel ected
that is 5 proportional to noise power, e.g., where an estimate of noise
power i s woandeahbsss Anot her possi bl e approach to setti RGTASC@IBBISAF Nt
bound value is to use a nmethodology that is purely heuristic. [00301 The

constrai ned jJn.zation probl emof Equati 0 I : 10
sui t abl e met ﬁ[@{ﬁé&] gzb'ﬁafhn%:@}et A& Vr‘{ﬂgrrﬁ%’g‘:%o%\o % (gfi ﬂ‘l%%lg}ra%se%tl E%{ﬁgenl%g{aﬂ% 0’I>/ogy
may be foundy f(r, 1¢x80Rk@ts ihheYoRdwity cxpressiseforand Mehmet R Civanlar, The
Feasi bl e Solutfon in Signal Restoration, |EEE Transactions on Acoustics,
Speech and Signal Processing, Vol. ASSP-32, No. 2, April 1984, pp.

201-212, which is incorporated herein by reference. [00311 The

optim zation problemof Equation 2 may be solved in one exenplary 15

enbodi ment usi ng Lagrangi an techniques. In this case, the Lagrangi an nay be

expressed as [r_E+s (k-p H -U L(E, A)(,c—-_t)r&ETE}H J\h Lr-"1 E+S (k Jal _o
¢[Laoed

(Equatiog 4) 20 [00321 The gradient—-of & ha'gn ian is IE A(k-'

)JaaH rafn 25 V L(E, A)=E++S ( Equati on 10 WA 2006/ 026486

PCT/ US2005/ 030515 [ 0033] Fi ndi ng theErootsli Wi th respect to E, of the

gradient of the Lagrangian, V E. L( Fquafon &) osults in the fol | owi ng

expression for E, r ~(k 1) ( 11 5 E=l r-SaaHI aa "+ | (Equation 6)

1J1 [0034] | nossqnntikp.125,hee Lagime galtiphet,i bl harbe olculmed usimgdiad obitehder usi ng

the solution for E above and the_coniﬁraint.eqya ign. The e%ifessiqp for
%g}egﬁgrange mu %l 5]

the Lagrange ¥n3Pevepns die GRBSFap cauy oy preeREss ol et may
10 expressed as below,
At N e Ly T
f(/'i)=[r—S aj (r—S a} l—aH(aaH—l-—l—Ij al| =§.

(Equation 7)

[0035] A range for the Lagrange multiplier solution may be defined as desired and an
15 attempt to calculate the solution in the specified range may be made in step 125. If this
attempt to calculate a solution fails, then the method may be terminated at step 128 with
no available estimate. Alternatively, one or more successively wider ranges for the
Lagrange multiplier solution may be specified, and one or more subsequent attempts
made to calculate the solution in the specified successive ranges may be made in step
20 125 until a solution is found, or until the method has been performed for all specified
successive ranges without finding a solution, at which point the method may be
terminated at step 128. In determining the root in Eq. 7, the range and resolution
specified for the bracketed range where the root is assumed to exist influences the speed

of the iteration.

25 [0036] Once the roots of f (ﬁ.) are obtained, the correct root may be chosen based on

which root minimizes the objective function, {EH E} This root may be used in Eq. 6 to

NG
calculate the projection, E, which may then be used to calculate S in step 120.

11



r ACk-p [r-Sf(2.)=1r-S a aJll-aMaaH+-11l a z -6. | J (Equation 7) | [0035]
A range for the Lagrange nmultiplier solution my be defined as desired and
an 15 atwerpts/i2e486al cul ate the solution in the specifi edTrsags/osesys be made
in step 125. If this attenpt to calculate a solution fails, then the

met hod may be term nated at step 128 with neo avail able estimate.

Al ternativel yio9]8n epTBH EthS HEEESSY ﬁ&lt%n‘&f@erméyaﬂﬁ@ﬁcafr&ﬁ dnB&he tedlgpaGE
mul tiplier solution nay be specified, and one or nore subsequent attenpts

made to cal cupéte the solution in the | fied.suc |V be
made in step 30 5% 'iffr%’tei%e griest ?f‘flfn(%% (?f?oqﬁglhen%’?i ogr%heuér?ﬁ?eﬂnto é’@r@?ﬁ%& ﬁa’s been
performed for;alwhespiethbdetdefingsithe &mgiova saraplgas eudlishangt tfberdalng a sol uti on,
at which point the nethod may be termnated at step 128. In determning

the root in Eq. 7, the range and resolution specified for the bracketed

range where t ' d ' 30k | i
ﬁ?%%g%?lo@ggs? U B¢ tﬂeocuﬁ)é#ltsérs?fél?tfe HYGEP bl RESAELELaIR] oh6r

iteration. 25 -0 the roots o )) are obtained, the correct root
may be cliosenmbmstednioationwhiteria instsp I nilnithie segaidle swispledeinvpation seiarig inay

tr{EHElI. This. root my b d.i 8 . i: i
£ whi ch may VROR B0 SiEF HRRCrpArRapOE b B b 681 608 Sl BB e

ECT {j pszoog/ 83@5?&rh&( kot fhe()raﬁiltslcrf stred 3 3bould He dovejecharly grsr ethboiliméntS may
e di scarde nd. the r t of . ) ) i
b5l R, byl sl Rt S ot gl ot e

of S at the e i ON° 0
nmodel definesiithe tsenpat hdvesdeeamp basorakd.e Fohesopie etepn 1 Wetor 58l may] BGBely

Fol | ow : ' .. S. '
or 5 ol t CPHREET G L AREURNZE RPRh et midofegutfusif pEARE! ©ne

term nati on CfehRbfich detia. iAMeHdtel@nynantum hunbéref dpetorfsingy terspsodfiddeot hat

may be used at 14 '
13% shoﬂl d bgteggipgt&ge@g 1%%&8%2&%35}?%\,@? §J1 \?vll"leno{he ggéciftler&emgxelr%{illlntrﬁlm tar 8% ep

iterations have been performed, e.g., when other specified termination criteria has not yet
been met. Also possible is a specified minimum number of iterations that must be
15 performed prior to allowing termination of the iterations of steps 120 to 150 based on
fulfillment of other specified termination criteria. Other examples of termination criteria
that may be employed alone or in combination with other specified termination criteria
include, but are not limited to, requiring a threshold minimum value for length of
residual obtained in step 120 (i.e., terminating the iterations when the length of the
20 residual is less than the specified threshold value), terminating the iterations of steps 120
to 150 when the Lagrange multiplier function (Equation 7) of step 120 has no solution
over the specified range for which the function is being evaluated, efc. It will be
understood that the foregoing example of termination criteria are exemplary only, and

that other criteria may be additionally or alternatively employed in step 140.

25 [0039] If the specified termination criteria is satisfied in step 140, then the steps of
method 100 may be concluded, and the results accepted in step 160. However, if the
termination criteria is not satisfied in step 140, method 100 may proceed to step 150
where a new value of a may be estimated using any suitable method and, for example,
using at least a portion of the results previously determined in preceding steps 120 to

30 130. In one embodiment, the elements of a may be jointly estimated in step 150 using a

12



termnation criteria may include a specific nunber of iterations (e.g.,
iterations of steps 120 to 150) that have been perfornmed. For exanple,
steps 120wDaoddiRe4say iteratively 10 performed for a speecfriusdoogiosesns nunmber
of iterations, w thout consideration of other termnation criteria.

Alternatively, a maxi mum nunber of iterations may be specifiled,f

term nating tFASTFIURTES EFBRALOR APRIPHYS Plfﬁﬁxaf@?e_tgﬁe%"gﬁwtoﬁg nga el%:el %‘llcél?fﬁendaa;’i num
number of i tRE@Hbe@BS WAV berithp alobatsmtpretiots estimbte bf 8 bbieined Fextdpf 136d
termnation criteria has not yet been net. Al so possible is a specified

m ni mrum nunber of iterations that nust be 15 perforned prior to allow ng
term nation iterati j nt of
ot her speci fﬁé?ii({fglrl r?lgﬁgg%r}é@ﬁ?rel bgrﬁ%[%.%&l %gsfttsg‘;(a%%p rg@&ggm %F?nfe#ar%éisgim
criteria thatepnis0 ipearenpimigginagroriemoritli an objetivadihaien s tetthepqugpdci fi ed
term nati.on criterita i.(pc]oude, but are not limted to, requiring a

threshol d m diRH P&IER"%¥6r | ength of residual obtained in step 120 (i.e.,
termnating the iterations when the length of the 20 residual is |ess than
the specified threshold value), termnating the iterations of steps 120 to
150 when the Lagrange mul tiplier fungfd)ejr{Sduation 7) of step 120 has no
solution over the specified range for which the function is being
evaluated, etc. It will be understoo®aquatien $)he foregoi ng exanpl e of
termnation criteria are exenplary only, and that other criteria may be

addi tionally @bl AL YR, FIPHBYER & NuflR. 140 minmlAORR] bl fody

specified termndation criteria sat1sti step 140, then the steéps of

met hod 100 nmay bhe concluded, apd. t resul.ts. accepted, in\step . wever,
if the Qerm Wth% e&?‘?ttog&eagr’i‘d;e‘ﬁ(??%é’&e Yee%“?‘}%’“s%ﬁéga* zb),_ ffe?#gagl% may
proceed to step 150 where a new value of a may be estimated using any

sui t abl e et hgddigmibqual ér 0 girkigPiedollowing ppresfioheast a portion of the results
previously determ ned in preceding steps 120 to 30 130. In one enbodi nent,
the elenents of a may be jointly estimated in step 150 using a 12 WO

2006/ 026486 PCT/ US2005/ 030515 | egst{:yaedigs s€pLigmat i on approach. For
exanpl e, a new value of a may be cél cul ated as described bel ow using r and
the nost recent previous estimate of Equbtiem®Med in step 130. [0040] In one
exenpl ary enbodi nent, a | east-squares problem may be expressed for

15 [0042] Therefore, for this exemplary embodiment, the estimate for a in step 150 may be

expressed as

a=(s"s)'s"r.

(Equation 10)
20
[0043] The solution may be verified as a minimum by verifying that the Hessian of the
objective function is positive definite,
V2=V,V.J(a)=8"S>0
25 (Equation 11)

[0044] In this case, S”S is positive definite by construction, so the solution is verified as

a minimum.

13
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Equating the
Va. J(a) =SHSa-
enbodi nent

a=(SHS)-'S"r. Equati on 10) 0043 t
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15

20

25

30

an optimzation problemw th an objective function equal to the
- 5 normof the residual, J(a)=Ilr-Salle. (Equation 8) [0041] Thus,
t he opti mveavecmessobl emis mnJ(a). The m ni nrum may be PCoarsdoosy3@110

root of the gradient of the objective function argva. J(a) =0.

ual to | d h
P15 B o oy Tsed WOy bR ) R p SE R S e,
tiey esthi ITRLE stepri28, whers 'fa&&wlﬁd]’umaiys Ineny ‘t&xqstlms‘gédlsmg the most

|ve de
AP StRIGn:

a

where a new val ue of S nmay. be esti mated u5|n% t he.nbst .recent

i siersd 50128, 250 M0sand p4a mgy aﬁaerﬁwélwsg%at%déleewe

[0046] Although described herein with respect to a single sensor receiver, it will be
understood that the methodology of the disclosed methods and systems may be
implemented using more than one sensor for separation of cochannel AM signals in

overloaded signal environments.

[0047] The disclosed methods and systems may be implemented, for example, as part of
a receiver or transceiver in any manner suitable for achieving the cochannel signal
separation results described elsewhere herein. Figure 2 illustrates one exemplary
embodiment of a system 200 as it may be implemented to receive and to separate
cochannel AM signals A and B in an overloaded signal environment. As illustrated in
Figure 2, system 200 includes a single sensor in the form of single antenna 220 that is
coupled to receive and separation circuitry 214 that, in this exemplary embodiment,
includes receive path circuitry 210 coupled to signal separation circuitry 212, it being
understood that any other configuration of receive and separation circuitry may be
employed that is suitable for performing one or more of the signal separation tasks

described elsewhere herein.

[0048] System 200 is illustrated configured as a receive-only system in FIG. 2.
However, it will be understood that in other embodiments the disclosed methods and
systems may be alternatively implemented in a system configured as a transceiver. In
addition, it is possible that more than one antenna 220 may be coupled to receive and
separation circuitry 214, and/or that antenna 220 may be a single element antenna or an
antenna array. It will also be understood that in other embodiments an overloaded signal

environment may include more than two cochannel signals.
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S5 repeated and method 100 ternmnated if termnation criteria is satisfied
in step 140, or step 150 may be repeated if termnation criteria is not
sati sfi edwonoswepsd40. In this manner, steps 150, 120, pCZHS2303@nsl 140
may be iteratively repeated until the termnation criteria is satisfied in
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s 111 st rat g GanlIOUEEHASoA AL RECTYREAMEY AMSUERduhibh Corcd:  12RiiMEVeT
it wll be uncg) ?p Foo% th gTya|cr)1 ot ngogig%/rents t he dltlsc otscéd met kllods and
systens may btmdaistoed rtlzett S&p@ta}e mglpllseﬁrﬁéraméd% maz be prtvisted comfliagennay by signal
transcei ver. ' L& rtafyps & GYa, 20
may be coupl ec‘f %rataornecél(racuv and Z%Pgﬁlzt@gﬁ)fm rc%lﬂa{reg S%‘%Lf,g Zgﬁg)f ngt hat &

ant enna 1320 nmyfeh@tlau}swrrsglleetaﬂyemrﬂed ansigmd acperatiamcirauitedl?a array. It will
al so be understood that in other enbodiments an overloaded signal 30
environment may include nore than two cochannel signals. 14 WO 2006/ 026486

PCT/ US2005/ 03%5@ In the practice of the disclosed methods and systems signal separation circuitry,

such as circuitry 212 of Figure 2, may be implemented using any circuit configuration or
combination of circuit configurations suitable for separating two or more combined
cochannel AM signals, e.g., received from one or more sensor/s deployed in an
20 overloaded signal environment. For example, in one embodiment signal separation
circuitry may be configured in any manner suitable for achieving separation of cochannel
AM signals in an overloaded environment using data obtained from one or more sensors
through a method of iterative projections, e.g., using methodology such as described in
relation to Figure 1 herein. In one embodiment, signal separation circuitry 212 of Figure
25 2 may be implemented as a digital-signal processor (DSP). Alternatively, or in addition
to a DSP, signal separation circuitry 212 may be implemented using any other type/s of

suitable signal processor/s.

[0051] It will be understood that the illustrated embodiment of Figure 2 is exemplary
only, and that any other configuration of circuitry and/or sensor/s suitable for
30 accomplishing signal separation according to the methodology disclosed herein is

possible. It will also be understood that although Figure 2 illustrates separation of two
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[0049] As illustrated in Figure 2, antenna 220 is coupled to provide a RF
data 202 that contains a conbination of nultiple received AMsignals A and
B to recewvoeogatMseci rcuitry 210. Receive path circuitrpycza®2¢osos0515 si ngl e
channel tuner or other suitable «circuitry) is configured to process or

condition the receiv RF a 202 fro nIe na i de
processed si gcr?élFamZ‘?}AEl%es.l%‘?a?s %ma?nscfvﬁﬁ? ? ?u‘ﬁé egﬁla%nr%%f SIR? ﬁﬁflg%g%ga}?{én&sg
conbi ned nul tanglsgst&hgmal be Anplnﬁheﬁed imox&rlgznhﬂ sipegamairoroments tfhaumd;luo}e Qi@

(e.qg., inplenented S part of i gna rocessor t h_.ot her
sui tabl e ci rc‘ﬁir’fl‘?rﬁ)cog@F%%aArMssé%’ﬁ atlﬁtfL r‘%?’r% %})’ ‘f‘iﬁn caeuy :Mgur e%
recei ve proc e&)‘ﬁﬁghr&l @bard@4otaahR1 A 8ignels F}airhl Biand ti proyide Zlile@e asns:bpamte
separate multiple signhals A and B. As shown atlo circuitry

212 10 i § corffutRyisi@als 208 i #8 mifopepire ltd‘ivﬁlf‘éergﬁ‘feifsécto 8] @‘ﬁ%ﬁ SRARE B

(e. 9., as respRGiiy“Ray §@9@H’f@hﬁdﬁh %ﬂ@¥ %mg&ﬁmazﬂﬁj&cﬂﬁepaﬁ&) odt @nBt HiRr cocem@elver
system conmponent s not” shown (e nponents/circuitry for further

processi ng, AMWdeswd uP%@EYeénﬁOTét"@ 9’VCﬂP%de@/| sgnal, envigRRAENsPEYENEHYP YePsat e
signal s 206 Qha%ﬂ@l 1P8 PEOVIHRE SiTah 8RRAUS bY sibal H §6@l the ARG ON
circuitry 212 or th a c?n 5 onepof dlfferenﬁeﬁgt ed sglynals 206 or 208 may be
15 preferenti Sagrla!/ ewvirogwprictfhguye Br dvithiv epepid, 37 gyealoaded pignat SHORPSIE FRaYy v
212. [0G30] In e, @fgq&eﬂl 661 Rt e Qe aﬁﬁlas,gq @slgogﬁtwsmssa &fthodd &l
separation ci Yeurt as circul ure 2, may be

i mpl enent ed usystens amy od rmplcment@in gmqanglnn@ﬁ to @tha@ﬁ oy Bmber oF et
configurationg ﬁéjnln%lagﬂdem%ﬁ)als ﬁlgtpf%r g{lélqg of Ys Han T & (f%]mb&e& cotRmfanael  AM
signals, e.g., el ved nore sensor/s JE oyed in an 20

over| oaded siggals, eﬂmlay badesmied 0quueechkmph®l themem@f@rﬁ)mlll apphicatign.gHapne
separation circuitry nf L gur y a

achi evi ng sep%f‘reﬁﬂ Hga% eﬁ%‘tcnt’gel i I\}g{;‘111 fhal és]r ?ﬂggér%glgr%ir aggﬁﬂi%' r%enment
usi ng datsa obiardiedzéd am ﬁmﬁbcﬂrofrmcl&ns@n@drsgnatsmammgm weeregdnsighabbtréngty at i ve
proj ections, usi ng net hodol o such, as described in relation to
Figure 1 her egrﬁg‘erlthalb%%l ?ﬁ%ﬁ{{&%@ﬁe%‘ﬁg- separation circuitry 212 of
Figure 25 2 may be inplenented as a digital-signal processor (DSP).
Alternatively, or in addition to a DSP, signal separation circuitry 212
may be inplenented using any other type/s of suitable signal processor/s.

[0051] It will be understood that the ¢}l usssAseh embodi ment of Figure 2 is
exenpl ary

20 [0052] Following are results of simulations that have been performed by implementing
equations 1-11 in combination with the disclosed methodology 100 of Figure 1 for the
estimation of AM signals (S) in an overloaded signal environment. The overloaded
signal embodiment employed for each of the four simulations included one sensor and
two cochannel AM signals. The two cochannel signals for each simulation included one

25 relatively strong cochannel signal (S1) and one relatively weak cochannel signal (S2),
although it will be understood that the disclosed methods and systems may be
implemented in overloaded signal environments having two or more AM cochannel

signals of equivalent strength.

[0053] As described further below, four simulations were performed using random initial
30 estimates for S, while varying the initial estimate for a. In the first simulation, a was
initialized to the known true initial phases of the signals. In the second simulation, a was

initialized using random initial phases for the signals. In the third simulation, a was
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only, and that any other configuration of circuitry and/or sensor/s
suitable for 30 acconplishing signal separation according to the

nmet hodol oy 2deécaebassed herein is possible. It will al so lpeTusdessssosl t hat
al though Figure 2 illustrates separation of two 15 WO 2006/ 026486

PCT/ US2005/ 030515 . cqchannel. AM si. fr m an.ov a Si |

envi ronment , SSHBART EENHOOFHRIONEHd “@r@la%ef/ F 4B %@ b@ %ugtPeSlrmn%l:]i?%o R
over | Oaded SEﬂﬁﬁhn&lnﬂdlﬁg)BMt Smﬁilaﬁhakd’scbutdﬁadh&lmgei frequeney effmabaarmelhteAM
si gnal s.

igure 2, signal se aratlon CI sho co gured
to separ ate doRPmIgH isAueRRY shiffiom) the Woé‘ﬁc‘fl%a ih%‘iﬁﬁ'{]}fsd)ﬁlﬁ%sé@g QS glﬁar ate 5
out put  si gnaltﬁatzﬁlg &Qﬂo%@&netﬁ@%ﬂd@r sudcéssﬁ&llwacbfévébn@l@ﬁaﬂt eparatitintundérg il
separation circuitry may be configured in other enbodi. nts toF@H ﬁ{ate
a

out onl ySone desivarhsenditiony ity keawn, sadpired] Pearrhphass SHt ‘éﬁ‘éodl s

envi ronnment ﬁtﬂfﬁwﬁéﬂag Iﬂ&%\a@r hmar fhe Qﬁ%‘éﬁﬁéﬂ‘%etﬁécﬂﬂ%’ys ma§- Ge, al@AnBERAKE! €
only AM signal A or signal B fromthe overl oaded i gnal environnent of
Figure 2. In inplesentsdaiodsucenssfollie petieigedsns @?P&Faﬁéﬁ\ﬁvl‘”“br’ﬁ?éﬂtm%&/pllﬁeﬁ Al ude
any given total npymber of cochannel AMsignals, and the disclosed methods
and systens nmay be inplenented in one enbodi nent to separate out any
nunmber of the cochannel AMsignals that is equal to or less than the total
nunber of cochannel AM signals, be desjred or. uir et t he
needs of a gi W& dphasitesh ?eﬁﬁ mn ?Ot’i“eo%‘@‘r‘]iaé i 3}1‘931%%6’8?%% rrecﬁ?%ses W

i'VEr t ot al
nunber qfy cochanmeboriiont ARA! provay. J@&teﬂ-@l@ﬁlalé@ﬁfaﬁbh zgh asing nankmmerphaie
cochannel AM signals having a received sig strength

gi ven si gnal @ttlrabiﬁlloﬁ ﬂtH}aégFﬁﬁ‘I‘ﬂ’serS‘?drmf‘téF‘P% rR@]élﬁlF%é “T[Sg@%%f’l BdY eB ng are
results of S'}‘)'H-éls@&f tﬁ@?anﬁ&ﬁtvalﬂ@svﬁr bRaroRes Tl dradarbYssodipke Wil si@ll sagulat i ons
1-11 in combination with the disclosed nethodol ogy 100 of Figure 1 for the
estimation ofSCANBEQTQnaI s (S) in an overl oaded signal environnent. The

over|l oaded signal enbodi nent enpl oyed for each of the four simulations

i ncl uded one sensor and two cochannel AM signals. The two cochannel

signal s for egighal SintbraidnOind SiglaliGedbraiva Pafnkeersabi Sieluatiohs ong cochannel
si gnal (gl) and one relatively weak cochannel signal (S2),

[0055] Following is a list of signal parameters employed for the simulations described

herein.

[0056] Simulated Messages: Simulations were performed with simulated data where
the messages were constructed by sampling a uniform random distribution. Simulations
20 were also performed using recorded voice data as the messages. In either case, the

messages were AM modulated, and zero mean additive white complex Gaussian noise

was added.
[0057] Bandwidth Constrained Messages: It has been found that constraining the
message bandwidth to a fraction of the transmission bandwidth may improve separation

25 performance.

[0058] SNR (Signal to Noise Ratio): SNRs for each of the AM signals were set to 20
dB and 15 dB.
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al though it will be understood that the disclosed nethods and systens may
be inplenented in overloaded signal environnments having two or nore AM
cochannelwozpgrmabssof equi val ent strength. [0053] As degcmiuseashsosiher

bel ow, four sinulations were performed using randominitial 30 estimnmates
for S, while varying the initial estimate for a. In the fir Simulation, a
was i nitial i 2871 isitiahphasgo ke tnf‘tli‘gpliaﬁgs&f”aﬁhe B?‘Pdgﬁl?kso‘?er? ﬁ% %ﬁdgh 's. In the
second simulation, a was initialized using randominitial phases for the
signals. In the third sinmulation, a was 16 WO 2006/ 026486

PCT/ US2005/ 030646 AMsModulateh Isdexg Rreowodulativarindestfor thetsimblaiyhmayess stoto t he

signals. The urth sinmylati.on wa r f.orned ing corr 0Lt hases,
but i ncl udi ngd' Whermattgrogrdss s e(gmg(f?ﬁ}ﬁ%fa 0 o@ﬁﬁg%arw? Pgt%lgjg{ﬁl@]ﬁ/nusjﬁafhﬁ on
the strong sigmed mésshde divikal tyabelhhslitade dffiie @irtenl ati ons show that the

di scl osed net hodol ogy successfully achi eves signal separation under the 5
descri bed conditions with known, random or incorrect phase initialization.
Thus, th Si t il E j e
advant aggousl @H%ﬁrr]%)lﬁéelérr%frzl%e# %cl(i)(asgzgcdg%ﬁ?&%ﬁ%@@k?2%@%&@?%@%&%&% even
when initial phRadesnesteasesinknown. [0054] It has been seen in sone
simulations that initializing with incorrect phases under 10 certain
conditions may provide better signal separation than using random phase
initialization. It has been observed that tines for which this occurs tend
to be when th |!§1ﬁ) f nagm I th€ 36HraeR RO MRPhleOfreuead
associ ated wi @ﬁ‘@ S Il‘% Fé‘ﬁ*gﬁ‘f'{af? sepég?g%ii@agﬁf Q)Si gnal a?ﬁvi ronﬁrr%nt a(?]hd Syiegnal
Cener ati on Pahasrpetresestofr Simul ati ons 15 [0055] Following is a list of
signal paraneters enployed for the sinulations described herein. [0056]

Si nul at ed Messages: Sinulations were perfornmed with sinul ated data where
the ness@ges were constructed by sanpling a uniformrandom distribution.

Si mul ati ons  Alporithm Parameter Values for Simulations

[0063] The following simulations were carried out using signal environments consisting
of two cochannel AM signals plus noise. Therefore, the signal model dimension
15 parameter (n) described in relation to Equation 1 was set to 2. For the simulations, the
constraint bound (& ) has been set to a value of 1, which, in this case, is a heuristic value
chosen to provide a solution for S that corresponds to a unit norm residual constraint. In
comparison, choosing a constraint bound value (&) of zero would result in a large range
of values needed to search over when finding the roots for the Lagrange multiplier, 4, in
20 Equation 7. As may be seen in Equation 7, the value of the constraint bound (') acts as
a parameter that shifts the overall function up or down. In this regard, when either the
length of the residual becomes small, or the constraint bound (&) is a small value, the

root approaches very large values. Figure 3 is a plot of f (/’L) for a particular set of data

when the constraint bound (J) is set to 1. Figure 4 is the same plot zoomed into the

25 range of the plot of Figure 1 where the root occurs.
[0064] In the following simulations, the range and resolution defining the bracketed

range for locating the root for A were [-3, 1000] and 5.0, respectively. The selected

termination criteria used in the simulations was a combination of a maximum number of
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20 were al so perfornmed using recorded voice data as the nessages. In either
case, the nessages were AM nodul ated, and zero nean additive white conplex
Gaussi an wWoi2e@/020488 added. [ 0057] Bandwi dt h Constr ai ned PEasags®305is has
been found that constraining the nessage bandwidth to a fraction of the

(Stonal to NP et g g 1B SR RAA bffton (R LAERMALARNGRr LORREL DTN g
and 15 dB. 17 o0r 2ROF4ARGHSBEzPIT MilS2R0HIHB 0 EmertabEOthe pradefined nyhxémen The

initial phases for the two signals were 30 and, 10Q.. 10060] . ion

| ndexc. The. noUTbE: POHTIRIR o BoEh ] RUTRITNEO BB F g HRdl,
moflul ati ]g?mt Ih QQ%0h§alﬂﬁge_H,n®g tlgestgit 6t theéxiiQeré of Hevon &g dic Megrange tBipiiemiimum
value o e nmessage divjde the anplitude of. the carri.er. 61

Bl ock Size: Brascrpigyed t%allqm%@igoggu%%wgatﬁglg Bt %hléegéf}ﬁgt e@?%%kag“g lset
to 1024 for pOsl6asess sthfi062] Doppl er Frequency: Unless indicated to the
contrary, the Doppler frequency has been set to 0. 10 Al gorithm Paraneter

Val ues for Sinulations [00631 The follow ng simulations were carried out
usi ng signal environnents consisting of two cochannel AM signals plus

noi se. Therefgre .ths §i nal nodel dinension 15 paraneter (n) described in
relation to é&@&kﬁ@#ﬁ%ﬁé&@%@t to 2. For the simulations, the constraint
bound ((5 ) has been set to a value of 1, which, in this case, is a
heuristijg val[gges]Cthe pefornfnéds @Y folesimubbnitdseraré preséhtddtiathecfomr eSqmephtisiet o a

unit normresidual constraint. In_ co ri.son, choosi ng a.constraint .bound
val ue ((5 ) ofreigapes B?Fbéstﬂlletanfi ﬁs%nrg%%lr sd%’apsaﬁ’&g (%heérf re%)zf Fe %ﬁ%eg 5%
SE ear fh 0V$r AsWhﬁ)ﬁlglfl h Eiﬂqﬂg AN Gerh&RillSorf Q111 bhe EaBamngamiatibnsplse eie, pargmdter 20
quation 7. ma e seen in Equation 7, th i
(S) acts as values )éescribed above unlesc,]s otherwise note}i. .eﬁdgloélogl?l aogmatllhr?um %p g% ga%{p%s bound
were plotted in each plot so that the tracking of the estimated signal relative to the true

15 signal may be easily seen.

[0066] Figure 5 illustrates the results of Simulation 1, which was carried out using
correct initial phases. Figure 6 illustrates the results of Simulation 2, which was carried
out using random initial phases. Figure 7 illustrates the results of Simulation 3, which
was carried out using incorrect initial phases of 0° and 90°. Figure 8 illustrates the

20 results of Simulation 4, which was carried out using correct initial phases, but also
including a frequency offset to simulate a Doppler frequency shift of 50 Hz on the 20 dB
signal at 30° and no Doppler frequency shift on the weaker signal at 100°.

[0067] Each of the four simulations of Figures 5-8 illustrate implementation of the
disclosed methods and systems to separate and estimate both stronger (S1) and weaker
25 (S2) AM cochannel signals. The first three simulations assumed coherent tuning for
both signals. Figure 8 illustrates an implementation of the disclosed methods and
systems in an overloaded signal environment having a weaker signal with no Doppler
shift (coherently tuned) in combination with a stronger signal (having a small Doppler
shift). For this simulation, the block size was reduced from 1024 samples to 32 samples
30 with a sampling rate of 10 kHz. In one exemplary embodiment, the ratio of Doppler

frequency to sampling rate may be used to determine how much phase change exists
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a paraneter that shifts the overall function up or dowmn. In this regard,
when either the Ilength of the residual becones small, or the constraint
bound ( Svp&/messial | val ue, the root approaches veryPCarugeoosabuses.
Figure 3 is a plot of f (2) for a particular set of data when the
constraint bo nd IS set.t ElL.gur S qR Q o the
25 range of tHhe pﬁ(d leoé %mdjurgnqlto éé[%ﬁll?%%e¢ozlg%&gccursd%f%8gz?t?;g hrgit

fol | ow ng si myseinsons, the range and resol ution defining the bracket ed
range for locating the root for A were [-3, 1000] and 5.0, respectively.
The selected termnation criteria used in the sinulations was a

conbi nati on ofp oes;@ﬁwe CBUADEE Bhuladds WAZBOPHERRAGO RCTOLSAAHOIRGLS
six iteration st for the existence of a root for the Lagﬂrlan ge
mul tiplier, AgstimateFof a nipympeeonvirge spéhsi tueetl Fnidferogard, ttHpay hoxtispsonals o

i npl enentatio 5 A Afibdd £5AORR MRS, GARsen to
act as ansauppgs}su'ggﬁlﬁgg g‘r%gt E(ngﬁam n%@ﬂ%ﬂﬁ?%t% r|terat| gns al | owed, and
the test for tdmstraxi lstuadl(oé1ogncaesrahoostfaﬁroftﬂtﬁenq_@gmaﬁgeCmFt\’\ihptel the phase i was

ength of 1 o e oneb oL ap TR el sl ef BT 8P ho Ry e

per f ormances plok&y l’ph§de§ﬂéf atdua@ 6eanes4ar @vsﬁ eddNioeergenct he 1f1dmrrmtqfhases
anplitude versus tinme plots of the true and estinated, gwal%& hWlth t heir
Bl withgac

respective phtese shpwdéerchsignglagdy b csimpr AfpgRasHa G geateie

fol I ow ngy si myhafeh Qﬁ§th'é%§tnﬁ£i@s dmaaq%t e thvaétu%raﬁmﬁb@aath&laavﬁemmness
ot herw se note nunber of were plotted i each

plot so that PHEbE P%Q?Rﬁtcr?& %*Ft ﬂt"’n@scé%sﬁl mstheds %’ldggﬂéPFmF é‘?aéftbie\f\érﬂieé ipp{gmnt 15
si gnal may benﬁ/ﬁtﬁéﬂ dkemPhaly eﬂigaﬁﬁéntf itH S ompokdtiol S RIpBRr bhifs hRBHist Surlhg
I C

Simulation 1 was carried out using correct initial phases. Figure 6
i |l ustrates thEsatsioghhancoperiimuicatorparpulaniigneheWareneas i ed out usi ng
randominitial phases. Figure 7 illustrates the results of Sinulation 3,
which was carried out using incorrect initial phases of 0 and 90. Figure 8
illustrates the 20 results of Sinmulation 4, which was carried out using
correct {9iti goePamas thditberilofiGnay be adaptable to various modifications and alternative

forms, specific embodiments have been shown by way of example and described herein.
However, it should be understood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as
20 defined by the appended claims. Moreover, the different aspects of the disclosed
methods and systems may be utilized in various combinations and/or independently.
Thus the invention is not limited to only those combinations shown herein, but rather

may include other combinations.
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including a frequency offset to sinulate a Doppler frequency shift of 50 Hz
on the 20 dB signal at 30 and no Doppl er frequency shift on the weaker
signal at 100. [00671 Each of the four sinulations of Figures 5-8 illustrate
i npl enentation of the disclosed nethods and systens to separate and
estimate both stronger (Si) and weaker 25 (S2) AM cochannel signals. The
first three sinulations assuned coherent tuning for both signals. Figure 8

i |l ust reviesT S\CLNIMEBASAt i on of the disclosed nmethods and systens in an
over | oaded signal environnent having a weaker signal with no Doppler shift
(coherently tuned) in conbination with a stronger signal (having a small
Doppl ery shif ﬁﬂetho&%rsﬁr&e%siﬁ%m%ghé?Q’cphBﬁsiH%:OCk size was reduced from 1024
sanples to 32 sanples 30 with a Sanpling rate of 10 kHz. In one exenplary
enbodi ment, the ratio of Doppler frequency to sanpling rate may be used to
det erm ne how much ase chan xjsts, 19 WO 2006/ 02648 UsS2005/ 030515
from sanpl 6 s e Bl 88T 5 BVl bedsd Fird gl rdPelnet SOV RIRE BiacstRt=hg: hods
and systens. [ 0Q6&anM¥ItAMIsRSRE Gécelved ihthe Sarfid fradiicnbp rangs aid Aekk dagfeinte; it
was noted that the final estimate of a may not converge to the true a. In
this regard, it #ﬁ? be reasonable to 5 assume that each conponent of a may
be slightly perturbed fromthe true value, since a constraint bound of |
ignores alnost all of the noise power. Cases where the phase is initialized
t 0 i ncorr ectsepratigeach ofsaahabcBghnebxM ggnslld from odet conhbere] AM sigoanuesage t o

i ncorrect phases of.ar%lﬂffl 6 and 84. Even with convergence to incorrect
phases, resul ts "eKBRd Agach signal nmay be estimted. A decreasing
residual with each iteration 10 inplies that the estimates of S and a "fit"
the data nore and nore with each iteration. It wll be understood that the
di scl osed net hods and systens may be further inplenmented in other exenplary

enmbodi nents with in oration of |l er. shifts and. m.ss tunin offsets to
enhance per I FRSRE T ST MBI G R DR ENTE 4 S GER8E Wi e ¢ he
i nvent i dhdmayl ,A_QM sERRiRABEo QidrEdivssRMBsthf | cations and al ternat ive for s,

speci fic enbodi nents have been shown by way of exanple and descri bed herein.

3. The method of claim 2, wherein said separating further comprises at least one of:

providing an initial estimate for each of said cochannel AM signals; providing a first
improved estimate for each of said cochannel AM signals based at least in part on
said initial estimates for each of said cochannel AM signals and said received RF
data, and providing a second improved estimate for each of said cochannel AM
signals based at least in part on said first improved estimates for each of said

cochannel AM signals and said received RF data; or

i) providing an initial estimate for each of said cochannel AM signals, and ii) providing at
least one additional improved estimate for each of said cochannel AM signals
based at least in part on a most recent previous estimates for each of said

cochannel AM signals and said received RF data.

4. The method of claim 3, wherein said RF data is received by a single sensor; and:
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However, it should be-understood that the invention is not intended to be
limted to the particular fors disclosed. Rather, the invention is to cover
all nodifications, equivalents, and alternatives falling within the spirit
and scope of the invention as 20 defined by the appended cl ai ns. Moreover,
the different aspects of the disclosed nethods and systens may be utilized
i n various conbinations and/or independently. Thus the invention is not
limted to only those conbi nati ons shown herein, but rather may include

ot her conbi rvetereimsaid step WRATPriSesqIrAYiNED an Britial estimateof 6¥) Off@ald;spd@es@mg AM
signals, conprisin I Vi.n ver | envL.ronment,
sai d received RF° &gfﬂs aﬁ&gn lrrﬁltéﬁqﬁ%tlmgggﬁ(a:)} @F&g@fg ng)rﬁqlg rsg{(]:(g éqe (lg}ﬁhltdhe sane
frequency range aadumﬁdvhﬂsgmaﬁ time; and separating each of said cochannel
AM signal s from ot her cochannel AMsignals of said received RF data. 2. The
met hod of claim 1, wherein said separating conprises estimating each of said
cochannel AM signals based on said received RF data. 3, ®wlhe nethod of claim
2, wherein sgtietis efdkRp hlmgoxﬁptﬁgeblpfovﬁmgm iafpBovatl ektirstt (8Ne ofkaid cpehamneli ng an
|n|t|al estimte for each of said cochannel ANIS|gnaIs prOV|d|n a first

i nproved estimate . for e hannel s has Ie st in
part on said |n|‘AtIYIz§fgn8§?’f’??§taéi a§td?p 8%381‘05?3? Bgeé’hoélﬁﬁ%t %«Mgl g|)|3 s and
sai d recei ved RF said@béehanaélAMIshaldi Nhodt ré@aOMREvioiPERREE 6(h) FPEcteritiag each of
sai d cochannel AM signals based at least in part on said first inproved

estimates for ea@mpbiudenpng pl@wwéﬁﬁélcom@qlwlsgnalﬁwnéém recedeed\RdadatE dat a;
or i) providing B ?ﬂltla| estimate for each of said cochannel AM signals,
and ii) providing‘a | east one additional inproved estimte for each of
sai d cochannel AMsignals based at |east in part on aA st recent previous
esti mat es f ovheegie bridptep &) dompriseh aravidingaw addiivapkestimgtedd d) efeseisl opelanpe dat a.

AM signals that minimizes the objective function rr{E”E} and satisfies the

constraint bound (&) according to the following relationship:

mEin tr{E"E}
Ak-1) 2
subject to|r —(E +S ]a =0
IROINCEN
where E=S -S
5. The method of claim 1, wherein said cochannel AM signals are transmitted from

geographically remote locations; wherein said method further comprises receiving said RF data
comprising said cochannel AM signals transmitted from geographically remote locations: and
wherein said separating comprises estimating each of said cochannel AM signals based on said

received RF data.

6. The method of claim 1, wherein said cochannel AM signals comprise a first cochannel

AM signal transmitted from a first transmitter and a second cochannel AM signal simultaneously
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4. The nmethod of claim3, wherein said RF data is received by a single
sensor; and: 21 wherein said step i) conprises providing an initial
estimate of (S) of said cochannel AM signals and an initial estinmate of (a)
representing anplitudes and phases of said cochannel AM signals; (k)
wherein said step ii) conprises provi ding an inproved estimate (S ) of said

cochanngl, fi; tt(eﬁ 'frun hé %sﬁml? t4 dra&th epsnoe?n fioh&f &t
? ? coc an nn%IaS% (f\’j r%%%

previ ous est i mat e sal signal's recent previous

est i matgeogfaplfiedllyrrepotedecttiongfromrepth mthdesnchwhlerplhasﬂsnnhocbﬁlrtﬂemuipwmsel AM

signals, and said received RF data (r); and A (k) wherein said step ii)

conprises providing an additional estinmate (S ) of said cochannel AM

si gnal s t hatpréiifihpa2&siveRle obj ective function tr{E'E} and satisfies the

constral nt bound (S) according to the follow ng relationship: nmn tr{EX E}
') 2 subject tor-te+S ,Ja =S n (k) n (k-1) where E=S -S 5. The net hod

of cI aiml, . 0 )
geogr aphi calf ygr a@rl 19;}1@3;109%1%{?1?12%@?%ﬁ;@rﬁéﬁ&&sﬁ %mﬁé h%%gﬁl Eﬁrﬁé(?g%grgr%rmﬂ%es

recei ving sai d Reraflghi&er;conpri sing said cochannel AMsignals transmtted
from geographically renote | ocations: and wherein said separating conprises

estimati ng each of said cochannel AM signals based on said received RF

data. 6. Th%e&wlwgal&ﬁrs%@ehgﬁrﬂa AMPEERA Trai@hitte® B¢ BAD AR rAMSiHBNAISai@ONPr i Se a

first cochannel
second cochannel AM signal simultaneously transmitted by said second

transmitter at said receiver while said receiver is geographically positioned

between said first transmitter and said second transmitter; and

separating said received first cochannel AM signal from said received second cochannel

AM signal.

7. The method of claim 1, wherein said overloaded signal environment is created by
intentionally broadcasting said cochannel AM signals simultaneously in the same frequency

range.

8. The method of claim 7, wherein one of said cochannel AM signals comprises public
service information; and wherein said method further comprises isolating said AM signal
comprising said public service information from other cochannel AM signals of said received RF

data.

9. The method of claim 7, wherein said method further comprises selectively isolating a
given one of said cochannel AM signals from other cochannel AM signals of said received RF
data in response to a command specifying the identity of said given one of said cochannel AM

signals.
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AM signal transmtted froma first transmtter and a second cochannel AM
signal sinultaneously 22 transnmitted froma second transmitter, said first
and second transmtters being positioned at geographically renote |ocations
fromeach other; and wherein said nethod further conprises: providing a
receiver; geographically positioning said receiver between said first
transmtter and said second transmtter; receiving said first cochannel AM
signal transmtted by said first transmtter and said second cochannel AM
signal s{multaneoysly. transm d by said.s nd...tr .tter .at said

Fecer velt-whit BUERHTov RO MO el 3BmPuSRE SR iutd REAE SBrfhen s «
first tdoahaniick ABYsigiath foairshshRGndn thievamiiftdqeénicy amthe 0P ar the saige tde dorr ecei ved
first cochannel AM signal from said received second cochannel AM signal. 7.
The metKeRPLiOn by p&FcsiVer opgERiNG IR 28 gverlagded vignad eryivongisal safsceyghertieredcr eat ed
by int ' I j ' i [ : y in
G L L R e R S R s T M S A
cochannel AM signals conprises public service information; and wherein said
met hod further conprises isolating said AMsignal conprising said public
service information from ot her cochannel AM signals of said received RF

data. 9i1. TherH¥ahdiReH & cldimal 0T ¥uftheVEXHhfHsingStdnOm FEA QG EABhhRRI AGPERAAIS #6m

selectively isolating a given one of said cochannel AM signals from ot her
cochannggogrphispljhgmetedpcaing recei ved RF data in response to a command
specifying the identity of said given one of said cochannel AM signals. 23
10. A nethod for transmtting AMsignals, conprising providing RF data
conprising cochannel AMsignals for transm ssion in the same frequency
erating in an

range and at_the sa i.me for receptiaon by a receiver o

over | oalfed sTBTtheof BERENATERR wewéé%;}ﬁ eshagigl A1) siedgls ebmprises pibic
service information; and wherein said receiver is further configured to isolate said AM signal
comprising said public service information from other cochannel AM signals of said received RF

data.

13.  The method of claim 10, wherein said method further comprises receiving said
transmitted RF data comprising cochannel AM signals; and separating each of said cochannel

AM signals from other cochannel AM signals of said RF data.
14. A system for communication using an overloaded signal environment, said system
comprising:

transmit circuitry configured to provide RF data comprising cochannel AM signals for

transmission in the same frequency range and at the same time; and

receive and separation circuitry configured to receive and separate each of said cochannel

AM signals from other cochannel AM signals of said RF data.
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to separate each of said cochannel AM signals from ot her cochannel AM
signals of said RF data. '11. The nethod of claim 10, further conprising
transmtting said cochannel AM signals from geographically renote

| ocations. 12. The nethod of claim 10, wherein one of said cochannel AM
signals conprises public service information; and wherein said receiver is
furtherysconf L t L d: i S COMR 54 e L{RpService
| nf or met on FPeu e hoe Dt fiafeah i et Breu RORREMALRE ST RE =€l S
The netdaedonfrarsingdsionid saidivechainnel #aVidigmels i thefsame Irequanoyrpanigs esd atdhesanieng sai d
transm tted RF datg.conprisi ochannel AM signals; and separating each of
sai d cdth ?fBIgeog&f\‘ﬂ’a}E?aglﬁéF@mleﬂgWﬁBTsher cochannel AM signals of said RF data.
14. A system for communi cation using an overl oaded signal environnment, said
system conprising: transmt circuitry configured to provide RF data
conprising cochannel AMsignals for transmssion in the sanme frequency
range at i e, . i I Lreu tr figured
o Tecatie anh BufEehinTs Akl ST BT TSR e Slkerl,
cochanrwethafivelsA rsédnalspindswheteiRlsaidatagsmi? dirdiftry ddrepréges b €imst ofansthigterm 14, wher ei n

said trangmt circuitry is configured t rovide said, RF data for
t r ansni<$8 lﬁﬁe‘?ﬁot?é‘?'ﬂ“@f&fﬁeﬁ?ﬁ@““ﬂl%%%‘éf@'%iarﬁ%wtéaéﬁ@‘tfetré s Pange and at

the sangmuitdn8Bysty ©4hs qodgsfegm Oehdntel £V Shal, Q&iBHrRMRd sdBnd THSsniNSE BBMRT claim

14, whereln sald cochannel AM signals conprise first and second cochannel
AM si grpmisisionedal gedgraphically aerdote lenationst frapn eanhi athey; andrmdrerein said rédervstand
transn‘ittert. confi gured tohtr%sm'.t a. first cogﬁz{awel AE{I s%%nal and ,a second
{ r ansmi FPEPIONGHEP I 15 BEqgephicelly Prifie befeep SHE MY e wligrardaR g Am

si gnal ,tranaéhitef fdr$éceﬁ/m{% SerintcdchatsmM ﬁ%ﬁal behdgittedBP sdid A€ Gadmitter and
geographically renote | ocations fromeach other; and wherein said receive
and sepidrsseandsoehianpeli AlVisignal ey lanegnsly ppspitiedshy sarhtegombiranserttaai d fir st
transmtter and said second transmtter for receiving said first cochannel
AM signal transmitted by said first transmtter and said second cochannel
AM si gnal sinmultaneously transmitted by said second transmtter.

17. A method for processing AM signals, comprising:
receiving RF data, said received RF data comprising cochannel AM signals; and

separating each of said cochannel AM signals from other cochannel AM signals of said

received RF data by:

i) providing an initial estimate of (S) of said cochannel AM signals and an
initial estimate of (a) representing amplitudes and phases of said cochannel AM

signals,

RG!
ii) providing at least one additional improved estimate of (S )of said

cochannel AM signals based at least in part on a most recent previous estimate

NG
(S ) ofsaid cochannel AM signals, a most recent previous estimate of (a)

representing amplitudes and phases of said cochannel AM signals, and said

received RF data (r), and
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17. A nmethod for processing AM signals, conprising: receiving RF data, said
recei ved RF data conprising cochannel AM signals; and separating each of
sai d cochannel AM signals from other cochannel AM signals of said received
RF data by: i) providing an initial estimate of (S) of said cochannel AM
signals and an initial estimate of (a) representing anplitudes and phases

of said cochannelj;AM ege&ﬂg s§ep1 ii)ntd!i);pe@ffféwté}lﬂgltl%ﬁ ch?e%ﬁtls emsficedhgi onal
i nproved estimate ‘of ( sal cochanne AM SI gna s based at | east |n

part on a nobst recent r.evi ous esti cochannel

- p a0 ilioneleSibaRl o8 & 50
signals, a eip SALFIED 1) EQMRIERES ROV ‘“(08? esti B‘ieé§e ER o s ai“f“ﬂdes and
phases of sai d coahapagh iAMhERALIhe Mtﬁé‘ﬁﬁlcu&?ﬁ?lz"'ﬁ}iaﬁ&csaﬂ?ﬁe% ¢). and 25

iii) repeating step ||) until a specified termnation criteria is satisfied;
and A (k) wher ei nosstiatht 0wyl (14 ) accadingits 8w fpllovingirelgtiamshipddi t i onal estimate
(S ) of said cochannel AMsignals that mnimzes the objective function
tr{EHE} and satisfies the constraint bound (S) according to the foll ow ng
rel atlonshlp mn tr{EHE} 1 A, l%]‘:% subject tor-1 E+S la =8 | n(k)
A(k--'") where E=S -S 18. The {t of claim 17, wherein said step ii)
further conprises mnimzing the objegtive.,,fpnction tr{EHE} and satisfying
the constraint bound (S) by: Su@jec{@ﬂ E}g+she }%g{@ngi an:

AR)  AGR-D)

where E=S -S

18.  The method of claim 17, wherein said step ii) further comprises minimizing the objective

function #r{E”E} and satisfying the constraint bound (& ) by:

a) forming the Lagrangian:

L(E,1)= tr{E”E}+/1ﬂr—(E+S(k D]aﬂr—[mé(k_n) }—5} ;

b) then calculating the gradient of the Lagrangian:

A (k1)
~L(E,2)= E+/1HE+S ]aa”—ra”};

c) then finding the roots of the gradient of the Lagrangian with respect to E);

d) finding the root of A)) that minimizes the objective function objective function
tr{E”E}, where:
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_(k-1) H A(k-1) L(E, A =tr{EHE}+A [r _[E+s )a] [r-(E+S Ja]_s b) then

cal cul ating the gradient of the Lagrangian: r A (k-1) DE L(E, A)=E+A[ E+S
Jaa' -raH c) then finding the roots of the gradient of the Lagrangian with
respect to E); d) finding the root of f(X) that mnimzes the objective
function objective function tr{EHE} where: 26 n(k-1) Hn(k-1) z f(A)=[r-S
alJ [r_S aJ[l-aH aaH+-1) a -(5; t hen cal cul atlng the p201 ection (E) using

thefollovmngrelatlo (k) t t en cal cul ati ng
the estimate (S ) of df&oghan‘h er& Si E Q n —b oW Ng
g) t

relati onship: AM A(k-' ) E=S -S ; d A(k) en constr |n|ng(S) to be
real. 19. The nethod of claim 17, wherein said cochannel AM signals are
transmtted from geographically remote |ocations; and wherein said method

further conpri,ses receivjng said r.isin d cochannel AM

ignal s ¢ r amHEn el prbh G esgraimCEArTGE PeFORB D EloBRuR: “50,  An Awt i gnal
processi ng system conprising: receive and separation ci rcui try coupled to
receive RF data from at |east one sensor operating in an overloaded signal

environment, said received RF dat a%co Hng dchannel AM si gnal s recei ved
in the same frequency range Emgrad tH?eas ;> and

A (K)
f) then calculating the estimate (S ) of said cochannel AM signals using the following

relationship:

ROEN(SY
E=S =S ; and

AR
g) then constraining (S ) to be real.

19.  The method of claim 17, wherein said cochannel AM signals are transmitted from
geographically remote locations; and wherein said method further comprises receiving said RF

data comprising said cochannel AM signals transmitted from geographically remote locations.
20.  An AM signal processing system, comprising:
receive and separation circuitry coupled to receive RF data from at least one sensor
operating in an overloaded signal environment, said received RF data comprising

cochannel AM signals received in the same frequency range and at the same time;

and
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27 wherein said receive and separation circuitry is configured to separate
each of said cochannel AM signals from other cochannel AMsignals of said
received RF data. 21. The system of claim 20, wherein said receive and
separation circuitry is configured to separate each of said cochannel AM
signals fromsaid other cochannel AM signals by estimating each of said

cochannel ANiRh & alig 838 dndepafhitn bRGRIry REoRfiged o sepdrate Hdeh spsakem of claim

21, wherein sald recelve and separation circuitry Is further configured to
at | east one of. cpclounelAMsignaistfioal otbert donkenaell AM signalls affsaidatativediadatel AM
signals, provide a first inproved estimte for each of said cochannel AM
signals based at least in part on said initial estimates for each of said
cochannel AM signals and said received RF data, and provide a second

i mproved estimate for each of said cochannel AM signals based at |east in
part ortlsai dlbeisysiemiofplaiy 0, wlareipmseid seceivie aBd s3pagtion girguitry begeafigwed )V si gnal s

and sai Lve - 104\ l . L0L i ! each of

a0 d ooSPaR it el sahdineOin derlidr R BirePbdch e AN WBhE: bPbeipile DL oy
est i mateach of saghaithainesAMisigiatdisasedkon M sicgined RF dbiased at | east in part on a
nost recent previous estimates for each of said cochannel AM signals and
said received RF data. 23. The system of claim 22, wherein said at | east one
sensor is a single sensor; and wherein said receive and separation
circuitry is further configured to: performsaid step i) by providing an

i ni tial22est iThetsgsterh of Spin? 1 sweateio caill aenedle add/senatatiah sircutry isfurtheri t i al
estimate ﬁf ggg)ri resenting anplitudes and phases of said cochannel AM

si gnal sSOMdRY ?t§&%ﬁ9%%ﬁn1said step ii) by providing an inproved estinate
(S ) of said cochannel AMn (k-1) signals based at |east in part on a nost

recent previous estimate (S ) of said ) )
provide an initial estimate for each of said cochannel AM signals, provide a first

improved estimate for each of said cochannel AM signals based at least in part on
said initial estimates for each of said cochannel AM signals and said received RF
data, and provide a second improved estimate for each of said cochannel AM
signals based at least in part on said first improved estimates for each of said

cochannel AM signals and said received RF data; or

i) provide an initial estimate for each of said cochannel AM signals, and ii) provide at
least one additional improved estimate for each of said cochannel AM signals
based at least in part on a most recent previous estimates for each of said

cochannel AM signals and said received RF data.
23. The system of claim 22, wherein said at least one sensor is a single sensor; and wherein
said receive and separation circuitry is further configured to:
perform said step i) by providing an initial estimate of (S) of said cochannel AM signals

and an initial estimate of (a) representing amplitudes and phases of said cochannel

AM signals; and
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cochannel AM signals, a nobst recent previous estimate of (a) representing
anpl i tudes and phases of said cochannel AM signals, and said received RF
data (r). 24. The system of claim 23, wherein said receive and separation
circuitry is further A(k) configured to performsaid step ii) by providing
an additional estimate (S ) of said cochannel AMsignals that m nimzes the
obj ective function tr{EHE} and satisfies the constraint bound ((5

)
according to the followi,ng relationship: mn tr{EX E.A (k-0 bject to
r- E+S Ja =gerkena) sad gten §i) %@éldewgn-@pmeg]?ﬂén%& E#Oéﬁa‘élc%‘i%‘ﬁ\“?gﬁmerei n
said receive and separation circuitry is coupled to receivea:-RF data
conpri si ng cochapigfils Bided iagieadt $n paratrs iriobtadcent previgasestiapi €Sl | yof @it e
| ocations; wherein said receive and separation circuitry is configured to
separate each of cedppnel A gignalela mpst seGRLITSViPYHH BRI (RIJEHSPRRENE AM si gnal s
that are transmi 5&?ﬁtufdésoéﬂd Qgs%PQeli&%Jh%(nnéi mgignélgcdﬂa'saa%ce%ﬁR\m%fae'_n sai d
recei ve and separation circuitry 1s configured to separate eac of said
cochannel AMsi gl s from said other cochannel AM signals by estinmating each
of said cochannel AM signals based on said received RF data. 26. The system
of claim 20, wherein one of said cochannel AM signals conprises public
service information; and wherein said receive and separation circuitry is
further configured to 29 isolate said AMsignal conprising said public
ser vi ce&4 nf dhewystem of elaim 83, Hvdterein 62id raseive AN separgHian sirgfitry i furthescei ved RF
data. 27. The system of claim20, wherein said receivegnd separation
circul tdb}{ﬁ%ﬁ‘ecf térﬁeﬁ%Fm sﬁ@@febgi)"b?(ﬂr&v?dh%@&?é‘dd'itY&n'aVes'tiﬁﬁk@(tse RofakddcRigerf said
cochannel AM signals from ot hef cochannel

AM signals that minimizes the objective function #+{E”E} and satisfies the constraint bound (&)

according to the following relationship:

min tr{E”E}
Ak=1) 2
subject to ||r —(E +S ]a =0
A AG=D
where E=S -S
25.  The system of claim 20, wherein said receive and separation circuitry is coupled to

receive RF data comprising cochannel AM signals transmitted from geographically remote
locations; wherein said receive and separation circuitry is configured to separate each of said
cochannel AM signals from other cochannel AM signals that are transmitted from geographically
remote locations; and wherein said receive and separation circuitry is configured to separate each
of said cochannel AM signals from said other cochannel AM signals by estimating each of said

cochannel AM signals based on said received RF data.

26.  The system of claim 20, wherein one of said cochannel AM signals comprises public

service information; and wherein said receive and separation circuitry is further configured to
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AM signal s of said received RF data in response to a command specifying the
identity of said given one of said cochannel AMsignals. 28. An AM si gnal
processi ng system conprising: receive and separation circuitry coupled to
receive RF data froma single sensor operating in an overl oaded signal

envi ronnment, said received RF data corrpri sing cochannel AMsignals; wherein

sai d regfl!nﬁ%? &Bﬁldﬁ%ﬁé’lrc%}d sEu‘& é/se'r\ﬁfé:ﬁﬁrl‘ngﬂ&? 0 Ooftt?egg?@ﬁhﬁel‘?\%h of sald

cochann fPom er anne recel ved RF

dat a tsygnals)ofpmdedlvagmaimi ti aI estl mat e of (S) of sai d cochannel AM
signals and an initial estimate of (a) representing anplitudes and phases
of said cochannel AM signals, (k) 1i) providing at | east one additional

i nproved estimate of (S )of said cochannel AM si ghal s based at |east in
part on a nost recent previous estimte ék 1) (S ) of said cochannel AM
si gnal 27.a rﬁ@tsyst@m@ﬁtslapm éO,umﬁselesmdm@tee/e@ﬁ é@)aratlpeprrelséms fagthernpl i t udes and

phases cg)faﬁgl?rg to se%cﬁ%e{?}/ fsoﬁM G) %1(: 1} ?rée’ cf)t%afa ot enel F%Fagaf%o% g{h%r %O%H%mef ' )

repeatl termnation cri la IS Sa

30 whergMsigaisthfs8id @écéB ed RF c&mmrreetpbm t6 lalcOmmirtany spexiflyingttheidestin ot giid ed to
performstep ii) by (k) prow ding an additional estimate (S ) of said
cochanr&YenNWQf%éFgcwl AMsignalszes the objective function tr{EHE} and
satisfies the constraint bound (S ) according to the follow ng
relationship: mntr{E'E} n (k-1) 2

28.  An AM signal processing system, comprising:

receive and separation circuitry coupled to receive RF data from a single sensor operating
in an overloaded signal environment, said received RF data comprising cochannel

AM signals;

wherein said receive and separation circuitry is configured to separate each of said
cochannel AM signals from other cochannel AM signals of said received RF data

by:

i) providing an initial estimate of (S) of said cochannel AM signals and an
initial estimate of (a) representing amplitudes and phases of said cochannel AM

signals,

AR
ii) providing at least one additional improved estimate of (S )of said

cochannel AM signals based at least in part on a most recent previous estimate

Ak=1)
(S ) ofsaid cochannel AM signals, a most recent previous estimate of (a)

representing amplitudes and phases of said cochannel AM signals, and received

RF data (r), and

ili)  repeating step ii) until a specified termination criteria is satisfied; and
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subject to r- E+S Ja =S A(k) A(k-1) where E =S -S 29. The systemof claim
28, wherein said receive and separation circuitry is further configured to
performstep ii) by mnimzing the objective function tr{EHE} and sati sfying
the constraint bound (S) by: a) form ng the Lagrangi an: (k-1) n (k-1)

L(E, A =tr{EHE}+Alr-(E+S )a] [r-(Ets Ja]_s b) then calculating the gradi ent
of the Lagrangian: n (k-1) DEL(E, A)=E+A[ ( E+S Jaa_raH c) then finding the
roots of thevhgreinbaidrecoive ahd sdparptiam giremtryvistfhrthesspeliguredtopperfgym siepdi) hy t he
root of AX) that minimzes the objective,function objective function
tr{EHE}, where: 3lovidifig kn ddditidial estinfitd<cSt) ) dBsald cocharhel AR Sghal@ehhel - aH[ aaHt-1J
aJ -(5; e) then calculating the projectigon (E) using the follow ng

rel ationship: A (kinib)izés/th¢ olfjective Surectiohid BFE} kud satishys thy constraintbouedi(dDi ng t he

ti mat S f i | .AM si l. i the foll ow
?ZI :attrr?oﬁséli p? 2\( I??‘% %Rg%)cglggéf}qvgn%ﬁ%t%%@: ;;SI tnﬂen gongtrg;Mningg (S) to be

real .
mEintr{EHE}
AN |
subject to r—[E+S Ja =6
A AG-D
where E=S -S

29.  The system of claim 28, wherein said receive and separation circuitry is further
configured to perform step ii) by minimizing the objective function tr{E”E} and satisfying the

constraint bound (6 ) by:

a) forming the Lagrangian:

L(E,A)= tr{E”E}+/l{[r —(E+§(k_l)]aﬂir—(E+§(H)J }—5} ;

b) then calculating the gradient of the Lagrangian:

A (k=1)
V. LEA)= E+/1[(E+S jaa” -ra”] ;

c) then finding the roots of the gradient of the Lagrangian with respect to E;

d) finding the root of f{A) that minimizes the objective function objective function
r{E”E}, where:
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30. The system of claim 28, wherein said receive and separation circuitry is
coupled to receive RF data conprising cochannel AMsignals transmtted from
geographically renote |ocations; and wherein said receive and separation
circuitry is configured to separate each of said cochannel AM signals from
ot her cochannel AMsignals that are transmtted from geographically renote

| ocations. 32 5
A= A1) 1\
f(ﬂ.):(r—s a) [r—S a) 1—a”(aa”+11) a| -&;
e) then calculating the projection (E) using the following relationship:

A (k=1) 1 -1
E:[r—S a}a”(aa”+zlj;

RG!
f) then calculating the estimate (S ) of said cochannel AM signals using the following

relationship:

NOINCGS

E=S -S ; and

A(R)
g) then constraining (S ) to be real.

30.  The system of claim 28, wherein said receive and separation circuitry is coupled to
receive RF data comprising cochannel AM signals transmitted from geographically remote
locations; and wherein said receive and separation circuitry is configured to separate each of said
cochannel AM signals from other cochannel AM signals that are transmitted from geographically

remote locations.
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