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WD 2004/ 077667 PCT/ US2004/ 002549 COHERENT AM
DEMODULATOR USI NG A VEEI GHTED LSB/ USB SUM FOR

WO DIERFERENCE M TI GATI ON FI ELD OF THE | NVENTI B3\r/TR2094/002549

invention relates to AMradi o signal processing and

nore particularly to methods and apparatus for

denodul ati ng AMradi o signhals. BACKGROUND | NFORVATI ON
COMEREND AMDEMGIHUDATOR 'USING ArWaiGISTEDASB/USB SUM FOR

of ten degraded dugNTEREBERENCE MI'BIETIONt er f erence
(AClI). Much of this interference is a result of the 10

kHz spacing of 20 kHz (10 kHz) bandw dt h anal og

signal s, where near IEIEhB OF{[HE BOVIENIION of a first

?gjaa;: ent _aI%ésnD% (%t.lngl?ﬁeé erél}lg%gﬁhto%?gﬁs Fo%lg‘ﬁgr{g)allnrzlt r%{)re particularly
t@hﬂé@ﬂﬁ@%ﬁd B@&@&@or%¥ﬁb&ﬂ§nnglﬂl\/ﬁfa%up§gMS i npl enent ed

to provide a snooth evol uti on from current anal og

Anmpl i tude Modul at BO&KCARA UN il } y digital

| n- Band nnel tem, |I.B

Spectral CHeEaRmR: 84E &gga@emqﬁ% %‘iaéfﬁ%%ﬂ%& 37 ghigy dpgraded due to

adfae8@Bhbied iveiféienice (AET)S MGdH &t thidimkerffrerR lﬁwr@mlmf the 10 kHz
AM channel _al | ocati on. | BOC DAB pronptes econony

spprieg PLAY Whiz| (&1@ KHiB) bangviidibaanalestegnals, w@emmaylymaéﬁ ttha pandwidth
| j.t th h 5 of
BT B B ol P TRE e SR oS B ont o

5, 588, 022,In{B#a8 €Di-EChandl¥IH0Od) Dagit i A0dié Bregitatishg (DAB) systems
broadcasti ng anal og and digital signals in a standard

arqubeing daplemanter [ Perfds 2 SRAaty evaligon Jme suentapnalog Amplitude
d ted, r 0 q a
LA, B O AUERGIL Bl 4R “1m0C DB
raqites o dewnpectkA tadcatidi bedwwmh@mmm nghaliim abnuditted within
1%? %ﬂ%ﬁ‘tg]r%g{}é(lpf;{n %89[%1' oA pl?%n nal&ggq!l(?n% BZ{I ngtle's economy
{
RS, OB SrbPBIAER 18 SR s b
ofiligietets] y nodul ated carrier signal is nodulated by a

et - i AR PSS 4903 iy e PR 022, resens

al Bethol! f sfrhaRHeREl, BRASEKIHNE afflod IndEstAl@halsNin a standard AM
quadrature with 25the fi rst carrier si gnhal .~ Second

taprdlcasting ghapmeluplising thinepripeiht an mph@dwm@taﬁdﬂdmérequency signal
B0 i o MRG0 S 3SR LRIl reavncy

sigmaphﬁhﬁesal dirstreagtitednedulated by tah dnalgf progiamcsipndl erSimultaneously, a
8151 Mul tjple ar riers errpl ort hogonal freque@@y
i ofn drgifelly gnedulaied cextisk) signglsp atsr bioRdcast within @apangiwidth that

< el
egﬁ%rﬂ% e R A e LSO corricr signal s
m@ﬂﬁt@hbsf pportionvéadigtabprogivin sighal. s\ frsagwup ywf theedigitally modulated

I nt roducti.on
carrier mgngl lies w?th tlple first frequency spectrum and is modulated in quadrature with

the first carrier signal. Second and third groups of the digitally-modulated carrier signals lie
in upper and lower sidebands outside of the first frequency spectrum and are modulated both
in-phase and in-quadrature with the first carrier signal. Multiple carriers employ orthogonal
frequency division multiplexing (OFDM) to bear the communicated information.

In-Band On-Channel (IBOC) AM digital audio broadcasting can exacerbate
the interference problem for conventional AM radio signals by the introduction of the

digital sidebands of IBOC signals in the band of the signal of interest.
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digital sidebands of I1BOC signals in the band of the
signal of interest. 1 WD 2004/077667 PCT/ US2004/ 002549

wab@am7ies7 a need for a nmethod and apparat us f oPCT/US2004/002549

denodul ati ng AMradi o signals that can inprove AM

radi o receiver performance when receiving signals

subject to interference. SUMVARY OF THE | NVENTI ON 5

Thi s i nvertheNisPd Q¥ddiRs AmFeiddoghdofppardaetsi degnodnlaflyy AM radio
radi o signal conprising the steps of receiving an AM
sigagisdhaticgm dnprowe M iradio ZeciishBefemaaemwHCIhECEIVEE Sigipds subject to
.a 1.0 si deband portion, denodul ating the upper

I@Fﬁg%ﬁﬁﬁ portion and the | ower sideband portion to

produce a denodul BEAMARETOB THELDENVENTIONI and a

denodul ated | ower sideband signal, weighting the L
denpdul at ddtispeentien qupRides & gikHodapl rpeessipg an AM radio signal

g e e
afil dehaved stdepmad panidna dembddinibe denughet atdebaddpertion and the lower
SR por 2 GO AR s demoiad
lg@@@weﬁérrﬁg s%l‘ﬁﬁrwé%ﬂﬁﬂgntﬂesﬂﬁﬂ@dulété’d Hg{f:@id Cs‘?de%ﬁn@éktim and the

signal . radi 0 signal can be single sideban _
deivotielated lomiensidebartcheigsaleip whponss tolewisdupastarrig praduce a weighted

AR TP RRn oG P B e R P BRI R RBand signal,
88t &fibiRin@d tHeh Yelphie de@vRilatedl upfte despaddl aged atdpeie weighted
and | ower si deband signals prior to the step of
dreioghitaeddowprsidehand signaltte aradupe pn evigibugrilsi gnal and

t he denod t r:.Si and _sign . .

determ ni nu‘ﬂ‘ghaétﬁglI %%{gélgéggg% §$ Slt%ﬁ% %g?%%g ﬁg?eg%p%glgtro the step of
defddubyies i nebedideahd pait®naad tiloventidéisad tphaist eps

of cross-correl ating a quadrature conponent of the )
dendul at cbheBEBPd C3 HEHIFAEOBPEHA e 4Ok itermining the noise power
d#%ﬁ@%%@&ﬁgﬁeﬁ %ﬁér SRR %ic%b%ﬂf"éignzﬁg‘ rior to the tep of weighting the
cross-correlatrng a quadrature conponent of th

deteroddlatedlt wppet sidelrandistirbhard the glemloduliated lower sidehmddistgneld The step

R Rt S0 SR s o
o%hﬂﬁ@lé e sié;ﬁ@'crdﬁslcﬂnﬁﬁﬁn REeaake g@lﬁ?@lﬁ’ﬁlt of gelRithdulated upper

signal can conprise the steps of shifting the

stflehandatsignel cothptheedemedulathd wean didebanddsigpperand | detsagpgrelating a

signal by 90 and | &1 plyi h i d.. . e

BB R BrtPuali® JhEy SO bR B S gomoduiared
JbWer desmddkighgid upper sideband signal, and the step of
cross-correlating a quadrature conponent of the

demodul at ebhe $oRed! GPHetoairintigr Shmauatratire @ neBRY Rl tht dgrodulated
dgﬁ%ﬁf%fiﬁ%@ 'ﬁ%ﬂ%ﬁ@gh $hPFhoditlled 9]?%%5’ '(s)?l%lt:);%dglesi S48 R8n Bdmprise the steps

adrature conpone
of shifting the quadrature component of the demodulated upper sideband signal by 90° and

multiplying the shifted quadrature component of the demodulated upper sideband signal
by the demodulated upper sideband signal, and the step of cross-correlating a quadrature
component of the demodulated lower sideband signal with the demodulated lower
sideband signal can comprise the steps of shifting the quadrature component of the
demodulated lower sideband signal by 90° and multiplying the shifted quadrature

component of the demodulated lower sideband signal by the demodulated lower sideband

signal.
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denodul at ed | ower sideband signal by 90 and
mul tiplying the shifted quadrature conponent of the

walesmduicar ed | ower sideband signal by the denobti/asmd4/002549

| ower sideband signal. 2 WO 2004/ 077667
PCT/ US2004/ 002549 The step of weighting the
denodul at ed upper and | ower sideband signals can

conpri se (e ssépepBweightinig thepdiqmastml:ttére uﬂ@”ﬂlﬂlﬂl laWeﬂ sideband signals
upper sjdeband signal by a we

t t
CAlYy | QOPIrige rfBet%t@Sd@ﬁTﬁdmll%W]@a ﬁhsksgﬁmédrﬁg%gﬁwgéq glﬁlslpangyﬂgnal by a
BBt} S5 R A B2 dA e ol SADLAEL AP s e

weaghitmggagoal i ncl udi ng an upper sideband portion and a

| ower sideband portion, wherein .the netho onprisin

the steps eleanﬁﬁ’F’E ARest Ale Hwﬂ“il%if’c&“ﬂeéﬁs%&’ﬁgdgp %ﬂcesmgg an AM

rhdlBGidhal Mlcll.ﬁﬁ’%g’%?%?%erosﬁdébgﬁd Qﬁlioﬁ A9 Rw e Yoi bW Bgltti%q wherein
si gha

correction obt ai n ghted signal,
thsu ntettack corgpising wed glepe of snlgtlalynfg antlidbaro ﬂ“emfanmgij ph @maginary

TR PP A R PR ROR St s
268 SWtha2ting tHEBRA Shb @ kigHATRSH b bhétent dyRblenR®basd &

portion and the | ower sideband portion of an A adlo
Si gnal to Bxeaaweloa AROrAPEOMARSEER @mpedulep@efpamcgasgxgaﬂn AM radio

0, RPN U B 532 e BB, gy e v

std&BaIdﬁp@tiUh @E %d AMVﬁdloSsl gleb an groglugn aldemodulasdapper sideband signal
nQi se power produce. a wei ght ed denpdul a ed up

@ﬂ@em@ﬂea@% ek ebang b aneiean Mt aing g, dpmblulated upper
E‘gja fig“ d83he daﬂgdlgﬁgtg oy sideBRR Qb if B& Weggtn%ﬁe power to

upper signal and the |g ht ed
pﬂmimxell,d aateeghtéda\demoduldebaupjms isgiehdnd ﬁgealdemrbauv«anghted demodulated

é@%e;ldrﬁ% %}Sﬂe g@r%gsn Eﬁf o ?}%}Sé o A ngl]gbggaﬁgnoc?ulated upper
s?deﬁﬁ‘ﬁﬁ Sl 'aﬁﬂ tﬁe%éi@htgﬂ Tdérﬁgddlﬁ‘lﬁd I&Qerq)?déﬁﬁiriﬂ abed. upper

| ower sideband signals. The nmeans for determ ning
t he noi se Bm/\éennqﬁulettme cdterfudb«trac@nlpmq@p@par@nﬁ@r detpygaining the noise

Si deb can co e _nea r

RGeS B P T B apid e S penel iy o weighting the

demadtat getPREbwel dedandsighgeal with the denodul ated

upper S|deband S|gnal and means for

cr oss- cor relcap#Hy far é@tﬁ@@latnartbe 88i%p PRV obtherdsmodulated upper and

I

15\9&1’ %H%b%%lgg 41’1%1\%2{&1’1 Sclgg] g‘ggﬁgdfr?zl ﬁg%ﬁ%\g%% g f uadrature component

of rths slemodulatedt uppgr Blldebamkiamigrmﬂ umf:h thengronstl atef upltte sideband signal,
nodul at ed up i deband sjgnal with the no

B, o SHBCCr BN dn oSl COmpamaL oMo demoqiigred lower

sﬁJé%am@gﬁﬁwrﬁheegpeaﬁ%d@éwér@me@%@ggh@.t ed upper

deban

The means for cross-correlating the quadrature component of the
demodulated upper sideband signal with the demodulated upper sideband signal can
comprise means for shifting the quadrature component of the demodulated upper sideband
signal by 90° and for multiplying the shifted quadrature component of the demodulated
upper sideband signal by the demodulated upper sideband signal, and the means for cross-
correlating the quadrature component of the demodulated lower sideband signal with the
demodulated lower sideband signal can comprise means for shifting the quadrature

component of the demodulated lower sideband signal by 90° and for multiplying the
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signal by 90 and for nultiplying the shifted
guadr at ure conponent of the denodul ated 30 upper

wa@k@elzrsd? si gnal by the denodul at ed upper si debPemusS2004/002549

signal, and the nmeans for cross- correlating the

quadr at ure conponent of the denodul ated | ower si deband

signal wth the denodul ated | ower sideband signal can

sbiftedr iqeadratesn scoimponsiti fof | thg demodulaiddatawer sidebgdneignal by the

f th nodul.ated .| ower sideband signal by 90 and for
‘%&@P%f%ﬁﬂ‘de‘i ﬂ@ébaéd\%n 04/ 077667 PCT/ US2004/ 002549
shifted quag alddhe fFEORREARME e diBodlgaed ulppee GnlioONRJer sideband

si deband signal by the denodul ated | ower si deband

ségngisa¢an cpineprise ancant dor multiphting ghet dranethaserl hppas didebprd signal by a

| id d ' l.S,.G [ f .
0 5 SRR AR AL R o i o
&e\aﬁhgbﬂliew@i$mﬁigqa¢toﬂnd means for nultiplying the

denodul ated T ower sideband signal by one mnus the ,
wei ght i ng naanother aspechribe HRYenHen €REOMPasses; JpgeiNess Jar processing an

a r Lver I ) i i .
SOCRIRSR5S OBPRLVARcER 0P ROSSER 0N LA Boucing w uppe
sideppand pontbdr Gind ga dowerppiziebarsl gettimnd npeant | fon demtbdalating the upper
| ower sideband portion, nmeans for denpdul ating th )
idand Rertion aes Hivdopst HiigHnd RaioRdo PEES 2dgmedrgted upper sideband

i0f At : u ' dulated
P f S AHES i S st g demodula
dpper widelopndi signal rad dbersiduloduleted loppe sidsbatelsiguil singmsfonse to noise

and the depodul at ed | r sideband signal in response .
Bolts aroqitnet YOEHPS R a i ghpda SRl R 2 weighted
ARRRT 5 DR dids b&pdi g Oardl MBArE TbEEomBiarapok ate@ghted demodulated
| ower si deband i%?nal, and nmeans for conbi ning

the
uppeybitlehind siavalitnd g vigighipp demeduletbd ewvasisifehrndipignaltie produce an
i.ght ed. denodul at ed | ower si deband signal to produce
%ﬁmggﬁ?SEt signal. The receivers can further conprise
means for TFhagkeiveisdahaadhdri dongiise gheahe forAMigladideband filtering the
signal prior to denodul ating the upper sideband )
¥ 8 PERBQ RIRRdUH e R, HPPes s1depyKl porhongpd the lower sideband
j%ﬁﬁ&j}vers of this invention can automatically sel ect
etween | ower sideband (LSB), upper sideband (USB) or
doubl e si dElxanete{vBBBpf ¢lnhenentiod ecandaltampirellyaselect between lower

fyncti f the | . A ' ' :
TSR S RTS8 ot
Ref R RACT WRShtetBRntal & hRHERER Fafiol &ﬁ‘nlﬁhﬂgb@m& it§chnique can
equal . BRI EF DESCRI PTION OF THE DRAWNGS 25 FIG 1 is

appseich AR deteatipngedliormanasivhen thyinggrédrenye Antheasddabands is equal.
stgnal and an  adiacsnt RRRARR! oFIRICHIAMIRER' fer ng

si gnal .

FIG. 1 is a schematic representation of an analog AM radio signal and an
adjacent channel analog AM interfering signal.

FIG. 2 is a schematic representation of an analog AM radio signal and an
adjacent channel IBOC interfering signal.

FIG. 3 is a flow diagram illustrating the method of the invention.

FIG. 4 is a functional block diagram of an AM demodulator that is
constructed in accordance with the invention.

FIG. 5 is a functional block diagram of the frequency selective combining

technique of the invention.
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FIG 2 is a schematic representation of an anal og AM
radi o signal and an adjacent channel 1BOC interfering

wakgnalie6Fl G 3 is a flow diagramill ustrati ngPehes2004/002549

nmet hod of the invention. 30 FIG 4 is a functional

bl ock di agram of an AM denodul ator that is

constructed in accordance with the invention. FIG 5

is a functFlasaé-Sbire glaphs stmmtheqferﬁ)haarfqeexﬁ tlenCyherent, SSB and DSB

el ective .conbinin chni i nvention. 4 WO
é@‘ﬁﬁ%@?@é’é‘?laWTW%%@ﬁ&ﬁ %Eam’é @ée B<YCare graphs
show the ped aphes ﬁﬁlcﬂgna{l @%&Qﬁ@g&%ﬁtof a§§ﬁ\4%@&1@§%at is constructed
bl ended denodul ators wth first adjacent channel
inpcentlarcevdth theirGenti@n.i s a functional bl ock di agram of
an AM recelyver tha |sc ugted i.n or danc
The | nventFih 1158 EFetctofil Bod tgtiin ot An PO eV gfd fgnstructed

iAfac@dtd e vagehy ivehfigt. 1S constructed in accordance
with the invention. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON ThuW@Ememm

recei ver t auto se ec

{
si deband ( mveréglsg rPrgYI &Han etb%ge \Q’er%Q V\‘% automatically select

eteledhandet 58E)ane FhSBE tipperlddaten®d (USB) ombuare @defblaﬂ@ (IDSB) coherent
of the interference. Furthernore a neans for weightin

g
JemodplptioprasthBingtam ghheugtsriesensst ﬁuﬁthm@rﬁﬁxmﬁ%nﬁ f9y dffsdehting the
b0 PRnd PSRUCUSA b Ok bhiERCHIRE dendiioSdRLARY (o) is
based Oh & maxinum ratio combl nin techni que

ddscmﬂred afips orthodds D%ddmtmhmmnpmtﬁ)monﬂmnag WMERC)t thehnique which
i nter e,.in the sjdebands is. equ The rece

P DA, A9 Qe PBURE R TohE RTE8r o TSR ehaRds is cqual
Pid rRRARE Rk Eﬂ:l%OIhEﬁIC%IH’ CICRIRYE RO "iﬁlé)&hﬁﬁﬁ audlb SIQR B®P all possible
be shown that the adverse inpact of IBOC o

inteckerapse sonditionni Fedanwienbe shown thit $heje¢hW¢l lampa@h of IBOC on AM

h . AN A l. dul at.or l.oyi t hi
EEaRr Quemieaaber pre g cetafiiflon GERYEN afin (hVSenty demodulator
18 iak ABis RhhiB is @éscﬁbé?b’ ki et 11l BendafBlatibg d8khe EhCanalog portion

Is a schematic represent ation of an AMradi o signal of
ofre Bylarid IBOC DB sigagl. i ncl udes an upper sideband 12 and
a | ower si n f

signal 16 ﬁlﬁpg %haa%cr]ﬁlgﬁl @gg‘%%ngegc?ﬁ ggg%tagc nne[Or %\%ﬁal of interest 10

thot icfuded AguspegB@kbad 15amho Wvelr Q1debmﬁi Len appchsﬁmerdes of a carrier
side band 22, a |lower sideband 24, and al_garr g
sl dénte? ch%qnelqé%n e adigeent irhannel flL e eﬁ‘flérsé%‘ial Ads shown to

15191%(1@ aﬁﬁ%\/e s? - gl?db 29! § RRRF %@de%gnd(daf %H&”J casidf 6. The center

hat t and signal of the interfering
ﬁ@cgnadzlewfeuhb ajgsalaif ihtemst aral the rdjpomt ofiannbleare spaced 10 kHz apart, such

that the lower sideband signal of the interfering signal overlaps at least a portion of the

upper sideband of the signal of interest.

FIG. 2 is a schematic representation of an AM radio signal of interest 28
that includes an upper sideband 30 and a lower sideband 32 on opposite sides of a carrier
signal 34 in a channel 36. An adjacent channel AM In-Band On-Channel DAB interfering
signal 38 is shown to include an upper side band 40, a lower sideband 42, and an analog
modulated carrier 44. The center frequencies of the signal of interest and the adjacent AM
In-Band On-Channel DAB signal are spaced 10 kHz apart, such that the lower sideband
signal of the interfering signal overlaps at least a portion of the upper sideband of the

signal of interest.
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25 upper sideband of the signal of interest. FIG 2 is
a schematic representation of an AMradi o signal of
WO paoe/0est7 28 that i ncludes an upper sideband BOT/aRIIOA002549
| ower sideband 32 on opposite sides of a carrier
signal 34 in a channel 36. An adjacent channel AM
I n-Band On-Channel DAB interfering signal 38 is shown
t o i ncl udeWaile tipperangileteofFAGsl Uahd 2showedjasint ehaimel bR rference, it

nd _an anal pg .30 nodul ated carrjer 44. The center .
Pralgdeerarae thdhis MYRAYOTLE UsH efetherdparipracasnentingas well
AM I n- BangicdOs (gl diBas i@ﬂﬁkatfé‘l'gethé F}ﬁgtfngc(l) fjoqttEcI:éanention. As

apart, such that the | owet sideban sign
showarih &IGN3, thisgna¢ntonentappasats 4 matodaf posdesomg ad AMieadio signal.

Y etiscaes s Todr IR RS Do it S g pd fhe analog AM
porsn of aafi®rid BTN agaRt. BIekned sﬂlcswﬁfr{e%séﬁif%n dftan AM radio

shoul d be ‘recogni zed that this invention is useful in
sagrtad indlyding faar epnee sitebad posioasangded llowerrsiGebagdi poraon. The upper

flow di agramil,l ustratin he, net. hod of,.the, i nventi.on

I TR ot L o R FORAT R S SXER 58 are then
depiddathtef taPproaessh AemaBulAvl nppeosigelinglsigrfal 2h€ a demodulated lower
invention applies to denodul ati on of both an AMonly

sideband sigadl anehoxmainobloals8 ol demasiulaiedylpnver gidebad siggl and the
. . . = B

Etnc Ph5S, AR Sl Sul SRR Rt i pover o

modiedean dvgighittd alemodhiatadppgper stdethetdizignpbahd anwaipttddndemodulated

8B Fo A6 AEHOBRF o disod 0 BBl arBm IBp eF Bt samgduiaied upper
SABARY sBRdl andl %%@E&ﬁd&rﬁﬂ@ﬂa@@ 1&%&8&1&&%@%& afES combined to

shown i n bl ock e denpdul ated | ower si deban
moduralanamtbut kignaldeersbdwh dnt ldckipper si deband signal are

o ot 5B e i B S et SRS .
JBkidbt @ AQ@TB?%VW kxhedo il RURK a8 kil 6f BbRbst ASsuBERWMD interference
in block 50. en the wei ghted denodul at ed uEper

byi dlegsand AM gizganl, forexemplefeon lan ediagentsbiunmel. e fhe pisal AM signal s(7)
Siyde .signal are conbined to 15 produce an out put
lgﬁgﬁggngs shown in block 52. The nethod of the

i nventi on can now Q@Agefﬁjgf,{ggf_% rbog%@:ﬁmdet ail.

First consider the AMon scenar | ich an AM
whabalk &f HeNELEES Frehfens YOMRE bndO id BLRAN SIA8E Gaud)) Bhaseband signal
secon};c AM si gnal , for egan'pl e (f)?om an adj aceg% W s
leghaddwel+1. The typical AMsignal s(t) is defined as: 20
s(t) =[1 + zn(t)] cos(2r' f~ t) where fCis the
carrier frEepuenrence ahdi(n(is yypisalky hebhio aboat bydB dewérahan the carrier
baseband signal |imted to 1. . . i .
component (with the carrier normalized to unity for convenience) due to audio processing
at the transmitter. This modulation produces a symmetric double sideband (DSB) signal
in the frequency domain with twice the bandwidth of the original audio signal. The signal
includes a lower frequency sideband (LSB), and an upper sideband (USB). Present
broadcast audio signals are bandlimited to less than 10 kHz, resulting in a DSB signal less
than 20 kHz bandwidth.

The time domain versions of these LSB and USB signals are labeled Isb
and usb, respectively. The sideband signals can be obtained from the (corrupted) original

signal through a Hilbert Transform, or equivalent, resulting in:
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The variance of m(t) is typically held to about 12 dB
| ower than the carrier conponent (with the carrier

waoermbicsed to unity for conveni ence) due to ardi/uS2004/002549

processing 25 at the transmtter. This nodul ation
produces a symetric doubl e sideband (DSB) signal in
the frequency domain with twi ce the bandw dth of the
ori gi udil BSB(gnal £ <The signal _incl (iIDSB(A);| oper
frequzvgbgﬂsf ée@ano{lﬁ LSB)," arfd anUsBper= si ﬂeban@g&/us%).
Present broadcast” 804§ signal's are bandli m%&g"E8

| ess than AQ.dnElent g%@f#('ﬁlé h{ﬁlgt n.%ﬁvﬁle[asﬁegﬁsgwltralcﬁiﬁg ttn%1 grgguency and

20 kHz bandw dt h. donmal n Versions o
pisBe ahtheUsBnshgieal Thiv e usedibl dohelvath a phgkedstked loop (PLL), which is

respectively. The sideband signals can be obtained i
glsq eﬁlgréed( k%"cefc%?ee #5 Ot gersgn o F}&ng’lamt RAIGIGHVitn the receiver. A

EBHRAE Fecdivanad eyl 0 i _
2004/ o_7e7C 6167 Pc@(?dt%a.ztggo%/% 3%626 549%[%%18'(3??&@%%%@#5% @F\di carrier and
the reaeivesSEignal r(DSHidn) rethowing f the; dotdoerpanee Qmean) to produce the

therwi.se A .coherent ryeceiver nust provide a neans for
?%%%@%%f?%gb@:aémwgand phase of the main carrier.
This is_,usua dope with hase-{ocked | o (PLL)

whi oh 8¢ al{s/gy'ﬁ%sg%h t fl't?%r)g'({%iéllgf’i v ef&mgsﬁrféﬁ)éﬁ”é}

t .mpin carrier wthin the receiver. A 5 coherent )

RS af Bienidivinsins Phase Feking sopbadl L sgiire aybior mtererence, while the
[t nlyi ng 1.he . caryi.er_an t he received .
BY shbfift Aok LS R e R VB i e i yapted igher

frequencyeartifeets. dthendul at ed baseband signal m(t). fn (t)

= W2 cos(27r f, 't + qg5(t)) r(t) - Lipf , where

Rt = Heog @i+ eos(47) - fi(t Y PUD)] tinagr)iidt amtvEnedts cpk@ser, -1 + ¢(r) }pf
tracking error, Wt) is noise and/or interference,

whenl the phase etiOr ) is sinslt theptsilnganitespbmapased byl t eri ng
of the result to renove the unwant ed hi gher frequency

Ty S e O for

o(t) | pf ]‘h%’ér:’k})ﬁq’@&%)ﬁéé’%’ QPFI&(’%(‘FM% g‘iﬂﬁﬁnloisﬁhék‘? 5m$-t

S5 ) PR UL o i B B Ghbes eyl oo o0
dr® Shbllk@Shaa the ChnePh&i€e suchith® A AMES vardaict hol SgffiSthtly greater than
assuned that the noise terns due to the phase-tracking

ngf)y whichyis ypsualbyeths rake. e Thetvtme ehye degradatin inclosgnged by the additive
e oS G ATRE BB RN SRS
T et S8 oy 6L apandy e
s h et EH) gk A TR Ua shthoreoemad BiEnah 1A egamplex upper or
18F 6B B (B taifdd V8 Righ Hilbert transformation of the received signal.
usb(t) =r(t)+i-r(t)
=m(t) +Re{n(@®)}+i-Im{n()} +i- [m(t)h +Re{n@)}, +i- Im{n(t)}h]
=m(t) +Re{n()} ~Imn(t)}, +i-[m(), + Re{n(®)}, + Im{n(r)}]
Isb(t) =r(t)—i-r,(f)
=m(t) +Re{n(®)}+i-Im{n@)} -i- [m(t)h +Re{n(r)}, +i-Im{n(r) }h]
=m() + Re{n(®)} + Im(n(t)}, —i-[m(), + Re{n(®)}, —Im{n()}]

where the subscript /2 denotes the Hilbert Transform of the signal. The recovered USB or
LSB signal estimates of m() are the real part of the complex sideband signals.
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20 sideband (SSB) filtering of the LSB or USB of the
recei ved signal. The conpl ex upper or |ower sidebands

W@ aw4l0#766bt ai ned t hrough Hil bert transformati oPCDUS100€002549

received signal. usb(t) =r(t) +i r,, (t) =mt) +
Re{n(t) I+ i Im{n(t) I+ i 111(t),, + Re{n(t) },, + i
Im{n(t)}h ] =n(t) + Re{n(t)} -Imn(t)},, + i
Ep;ﬂ( t),t (t+) Rf{ggm)}(fm{rmo _Hr(it:?, Gt}}=( ?&b@%{ﬁ(ﬂ}fﬂhﬁn(ﬂ)}ﬁ rh

= an e i . n -
Retn(ty1n i AR R OER oy T
- t)h . - ' .
denotes  HaeHT Bet1et ek Eoloble IR rapat SFE Litbbihd signal
asecovered USB or LSB signal estimates of m(t) are the
real part of the conpl ex sidebapd signals. 7 WO
2004/ 077667 PCT/ Uszoo4/m;(®zf9Re{;fﬁéﬁ—ﬁn{)r(t&}hRe{r(t) +

r, (t)}= t) + Re {n(t = [1sb (t) =
Re{E(%% nf )rh (t)iz(nl%llfb)kth %@?%ﬁl)rﬁ{}lwlnln{n(t())}l,

Then a r eCEieveideb@fis ch® bONguihisinahl igsiiltigg r @alth@ agduiaflent DSB
the sideband signals as: nmush (t) = Re{r(t)}- In{r(t)
depodgialipn(t) = Re{r(t)}+ In{r(t) }h 5 The si debands

can be conbined resulti i5+t, e ﬁqui val ent DSB

denodul ation. n{t) n?z(rr)‘scggﬂ’féﬁ—%—"z&mb)érﬁi)e{m(t)‘t(t) +

Re{n(t) } 2 It is of partic@i ar interest here when
n(t)isn-MgB'ggﬁ'- rJ] .
and af f-ec?: Ec,lsgn &%%a{n %n%Irl%rgt }Faeﬁ ’ﬁ%gg g(t){gér. %ﬂ?éb?%t the carrier
fofquenrcyt hed cdfeetsvertehsidd@nd dpareethan clivanthet. iThieis eftende. case with
First consider .the case of an anal og AM si gnal of

aidiﬁ"%‘?tég‘f“.m HiefERfieyer  will wei ght the demodul at ed

LSB and USBsicamade tﬁ@%@ie%ﬁ%ﬂ%mm‘igrﬁl bPliedehte The receiver
audi o output. The maxi nrum audi o SNR i s achi eved b

widli yhighhthet drameduiatedh d.SBSBd KISHp sigpals thicbme tsompkipg them to form the

i ndi vi.dual .SNRs.. The [ .are.further normliz :
LR SR RS o B i e BT bR ana UsB in
prisoribg fethed OB Vidha SNTs. SEEw Eights @actirthbflantzed $ieh that the sum

the individual weights are inversely proportional

t
of e wsichips e8e-ndissEnins ke sippal eaur issigspandor qach fsida])a_(t)nd, then the
i#ﬁgicﬁ%g%vetiéh% e 'i%??el)(? fprBBcﬁ'tingell ) ﬁ{éd eétﬂhzﬁéé et{o?égcﬁoxkl& in each
sideband. Let:

ol be the variance of the noise and interference in the USB

n_ush?

o} - bethe variance of the noise and interference in the LSB

If a weight of b is applied to the LSB, then a weight of 1-» must be applied to the USB to
maintain a constant signal gain over the range. Then the sideband combining takes the
form:
m(t) =b(t) -, (&) + A —-b@)) - iy, (1)

The optimum value of b(t) can be found as a function of the variance of the interference
plus noise on each sideband. It is assumed that the DSB signal m(t) has equal power on
each sideband. The signal power of the combined sideband components and the noise and
interference power is found through the expectation E and temporary removal of the

dependence on time. For convenience of notation:
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an Isb , be the variance of the noise and interference
inthe LSB If a weight of b is applied to the LSB,

wo b@n/ozreeri ght of 1-b nust be applied to the USBI/US200202549

mai ntain a constant signal gain over the range. Then
the sideband conbining takes the form n(t) = b(t)
musb (t) + (1 - b(t)) nrsb (t) The opti num val ue of

b(t) can be Epatd: Bgp guf-+0GY ON- Y. [Mhﬁn,sb }iance of the
interference plus_ipojse 1 gach I deban
Pu_yb Vk on

assuned that the P8 Sr@n ey 3 fequ,alﬂp@ 0
25 each si deband nai pover t he Qorrbl ne
SI deband corrponent‘guzj Ogh’é norge ]aorf{ibl Reer refence

B0 A R S R s e

mseaddnmbutﬁnme?@&wawg fitét 18GELD 280 Bt AARRAR ard{dIvedfor b.
E(b[i ntnnsb] +(1-b)[i n+nl sb] | Eji n2 + b [ nusb2 +

nlsb2 ]-2-b 2 nlz=s
S+b2.[6n_ usbabﬁ ? |btb2T géﬁﬁ” %2+6Or-f' Fbsbzo-"?l-"r‘fe}})ovver

of signal inis |Szconstat To &i t he

val uegof b whi ch%ﬁ“w? Ioé'susbt A _roi s% ot 1 [tgutl ons,
the derivative is set to zero, anel the equations are
solved for b. + b2 [6n-sb—+§Asb2 2 b 6n_|sb2 +
47n- 1sb2 )— 0 then 2 b [Bnwust2 s 6n_1sb2 J-

.6n-1s 0 2 6n Isb b =22 Unusb + 6n Isb 5
?f€¥eoF 2o Suh vtk Tﬁstmwlmﬁn} ANRyEndenthe SRR ewt;rﬂmts is then

§ constral nts is then approximted by: in(t)
éﬂi‘)?o{lhllafeﬁb £ % (1 b) msb (1)

—Re{ r (t ) } +(1-2b) | Wfl(tﬁk)b}f%b(ﬁhﬁ-\/\@l @fl};(u‘hg factor b

d d on estinatin e noi se

a;:g/e:grsl ﬁltoerfe?elnce [ nq%ei ®} ?@ %aﬁg {ﬁ{’gﬁf erence

wi 'l incl ﬁe Wé ﬁné ?%ct&hé de e@nﬁgﬂ gﬁ mati th% G %hr the noise
be virtual eto the 1 ntterference

and/cnantm%rmie@andac}u sidebped jerdfeyernse vt inbledé ﬂbi@é ff@r thixcdiscussion).
m t he signal. Howeve

ifflpgﬁt 313 g# ?’2 g’:’i’g(’%{tg%ettot sEmEe e 1@@8%%8% & jegfh sideband

ﬁﬂ%ﬁh&@ntﬂ/ Qi%%@ Qe Qhtefrefchd@td QﬁHwtmEﬁ?shhﬁ@ai*mMeaﬂ eﬁ However
nal in has only an in-phase signal conponen

@(@ @tation o some properties of the DSB modulation enables a method of estlmatlon
The ideal DSB audio signal m(7) has only an in-phase signal component and zero
quadrature component. Any interference not correlated with m(z) would have equal-
variance components in both the in-phase and quadrature dimensions. Hence half of the
interference can be observed in the quadrature component of the received signal, while the
other half is concealed within the in-phase component along with m(z).

The quadrature component of the noise alone is not sufficient to determine
the level of interference on each sideband. However this quadrature component can be
cross-correlated with each sideband to statistically determine the relative amount of
contamination of each sideband. These cross-correlations can be estimated through
multiplication in the time domain of the Hilbert Transform of the quadrature component
with each sideband, then lowpass filtering the results over a sufficiently long time to
estimate the L.SB and USB cross-correlation with the quadrature interference. An infinite

impulse response (IIR) lowpass filter with a time constant 7 on the order of roughly a

second could be used. The Hilbert Transform of the quadrature component, designated

9
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gquadrature conmponent. Any interference not correl ated
with in(t) would have equal 15 variance conponents in

wodaoh/0t1se7 | n- phase and quadrature di mensi ons. PENTE2004/002549

half of the interference can be observed in the

qguadr ature conmponent of the received signal, while the

other half is concealed wthin the in-phase conponent

Iy ), =l it )i, (i8 Jof iftbeesybevdost the SSId Wpmodulbtiaf ptdvess transforms its

Pands Rapelial oot OB S TERS: Rl 1 e Usp o
L@Ba%ﬁlbgﬁl% 8&@8&%@ §Ro &Sﬁs -RPrefiiBRS fBPrtfn? |@$]§daﬁ/& 1B can be
each si nd to statistically determine the relative
represgntedas: cont ami nati on of each si deband. These

cross-correl ati ons ,can be egflnated thro
mul tiplication i n%h&(’t‘r?ﬂe— I () - BRI 5 I bert

T f f th h h

<i doband.  then | obpd f 8 @I’IIP??ﬁ%I}éﬁuI ts over a
f fi t I .
org'gu g:} té?sae e b OE{E cp ge SR Q@;ci ﬁs;&elg St azr%g%e%%o&]mstead of

depérdehdecupdd tinipfilt&eng: esponse (I IR) lowpass filter with
atine constant r on the order of rou second

hly a
coul d be used. et Bield +F&émhfbnhﬂg)hmhéhhuadrature

conponent, designated W Wﬁﬁz}}
PCT/ US2004/ 002549 anI{ =l "{s of interest

because the SSB denoduet’at transforns its
i nterference accordln bgﬂégigﬁﬁ6 nt Imn(t))h is

al ready conputed in $ %%pr LSB denodul ati on
process. The cross- 08? B4 ons for the USB and LSB

can be representgd ag;’ 6 ) = nush (t)

Im{r(t) }h }Pf S r§tb+(giﬁje{"%)hn{nbﬁi Sb (t) In{r(t)

}h }Pf The results of these correl ations can be

ladel iyzedranse Mgstecty 08 bhe aildelmnﬂemiﬂazéro nnterfsteaeglowthe other, then the
dependence upon tine fiItering a'n_usb = E{- (h +

e%ﬁécﬁ%t}on F %é’{}ntﬂ)ln{@ {__\}Zx% té?éail m IZ} \%kpélg]& dg}%%%{ipigrcin whetger the noise

0a2_Isb = -CS- + E{Re{n} rr¥l
is onthe LSB or USB, respectlvely If the n01se is equally distributed on both sidebands,

but uncorrelated, then E{Re{n}-Im{n}, }=0. These results are due to the properties of

the Hilbert Transform. These cross-correlation results are statistically proportional to the
variance, or power, of the interference in each sideband. Therefore, the cross-correlations
can be used in the determination of the weighting factor b(z).

62 1, (t—7)

b(t)=—; -
o E—=T)+ a-r?__lsb (t-1)

A time delay can be inserted in the signal path before weighting to compensate for the
delay of the filter used to compute b(t). The receiver uses time averaging to estimate the
USB and LSB noise terms to compute b(t). A

The invention is also applicable to demodulation of hybrid IBOC DAB
signals. The difference between the hybrid IBOC DAB and analog demodulation is the
addition of the quadrature complementary subcarriers d(z) under the analog signal. These
subcarriers have no real component and must be treated differently than noise or

interference. The USB and LSB signals for the hybrid DAB scenario are:

10
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If the interference is strictly on one sideband with
zero interference on the other, then the 10

wexpeotmwti on E{Re{n} Im{n}h } is equal to + 'P@I/UK2004/002549

si gn dependi ng on whether the noise is on the LSB or
USB, respectively. If the noise is equally distributed
on both sidebands, but uncorrel ated, then E{Re{n}

LI oty e bt disrs i G
[ S =
resul ts a’?’lé(ﬁtz ‘?{ﬁ{fflem@%H’&@%ﬁ?ﬁﬁéﬁ‘@?’f@h+‘2118‘51
i A . i.nt.ernf i o P

CRRRE TR PN ESD FrighRTph Bl 1B SRRy 1 e
(). (L) A1 ol E e e e s
(t - T) Ati ﬁ”égﬁﬂ?{’&@?ﬂé‘%ﬁ@é&@g’&é?}m+t(ﬁ'e‘2é4°)g;4§ﬁ
pat h bef ore weRefr(s) pg(it-2 WYnipefmgal,e for the delay of
the filter used to conpute b(t). The receiver uses

Hor sisnpdie sy aigi define thegwemi ieahe(® A USB and LSB noi se
ternms to conpute b(t),_ 30, The inyention is also
applicable to dermdﬁq)t%\’t‘?olﬁ(}—gfl’hy *I'd | BOC DAB
signals. The differ&fe Relri@enc@hdmis(orli d | BOC DAB
and anal og denodul ation is the addition of the

Thimbarey Qlfr e c3RiseERR Thawy they Elé’?.aiiq"m@‘%atéq OWPYH &aFts (it the coherent
mldgﬂxoaﬁIQ{é@gsi%Q ?%gré( tﬁu%ﬂrﬁb{gg@? Iaﬁ“{ﬁtef}gret ﬁ%komgonent created by

con‘ponent an tfeate erent n Nnol se
tie sidébaind ifhbalemmdm [Fig , USEi ghted bySR)s Somel psopasties fec(7) are described

hybrid DAB ) [ : 2004/ 077667

pT A9BoRARD 65 Ba S RSB SEL SRS+ ¢ (1)) =
mt) + Re{n(t) } - Im{n(t) }h - dl, (t) msb (t

R t) - i h (t)}= + t t h h
e{r(t) - i rh (t)} n&%_@g{yw%@n{n( ) }

t) Conbining the USB a welr* ed by b and 1-b,
Bpectively, yields: 1n(t) = b(t) nausb (t) + (1-
b(t)) Yizlsb (t) =n(t)+Re{n(t)}+(1-2b)Im{n(t)}h +(1-2
- sz f-dh(tz ﬁz(@ReRe{rl(t))}%gt) Znt{)‘(tmr;t(t)}br&mé\'?éwii city

we defi ne new. t ergm,c as: = :
then 5 th(t )m B :Ffélftlt) ?t%g{}z’sbf(t))é' (r%'? (tﬂlgn%??lt‘g(t)}*ﬁ’g”’l"&tl)é" form

of the expression shows that the denodul ated out put
Lt aft) endhiy(th repmesesiothe rrealt parBIE the rodtl| 28t edls»6. grspecRedly. Then the

n . t hen. subtracts an interference conpon ! .

sHeleaitiebeny) SR B3 AC bk el PP Ty GAE Filber pangforms:

by c(t). Sone properties of c(t) are described
nlsb(t)zx(t)_i'x(t)h; and nusb(t)=y(t)—i'y(t)h

The expression for 7(t) is equivalent to:

1i(t) = m(t) + x(2) + y(&) —[y() “x(f)]'E{yzlié.;.xy}i—xz}

2 _ 2

=m(t) + x() + y@) = [y () — x(0)]- Zﬁ n GZ
y y

where

2 2
o, —0
_ y
c(t) = 5 >
O'y+0'y

It has been shown that c(t) yields the minimum noise. Furthermore it is clear that -1 < ¢(1)

<1, ¢(t) =1 when the noise is entirely in the USB, c(t) =-1 when the noise is entirely in the

USB, and ¢(#) =0 when the noise in the LSB equals the noise in the USB.

11



next. Separate the noise into LSB and USB conponents.
10 n(t) = nlsb (t) + 1lusb (t) Then 1In(t) = Re{ r(t)
w0 2004001657 | m{r(t) },, ; or equivalently, 1n(tPCEHUSI)1H02549
+ Re { nlsb (t) + n"sb (t) } + Im{nlsb (t) + n,{sb
(t) }h 15 Let x(t) and y(t) represent the real parts
of the nib(t) and n"Sb(t), respectively. Then the
si ngl e si dedkaryl erpécsaions oo fiedt theapewer pf ethe ecbmalsined signal, and

functipons of, the Hilbert Transforms:; 11lsb (t) = x(t
temipotariy pRping A cpgadns Yo e yids: TV S H 20 T

S RSRNE (SR 3 e L T o e S
- =m i) + +Y] - - ~?2 (T .
Siind B BHIE PRI b BT ey v o
5 rhinéhizedt) yields the m nimum noise. Furthernore it is

clear that -1 c(¢) <4, c(ty) =1 n the noise_is
entA{ré} y B{m’} hee{fmsn})%}lﬁ 9 %{ilmmaw%{dﬁ Q'@e ci E{Re{n}-Im{n}, }
entirely in the, 25 YUSB, and c(t) =0 when the noise in

the LSB equal s Ishe n0i%er iph |thecUBfRe (4] 1MD:004/ 077667
PCT/ US2004/ 002529 T kilngbg pectations to fji%%d t he

ower of the conbined signal, and tenporaril% dropping. . .
h@evaﬂ@qg@frm@ﬁ@n&@@mim@nwoéqed@mﬂbution is found by setting the derivative

GUHORFEI PRI 8k B Db, REToVing the o1 gnal

eaves’ on noi'se-li ke terns which

€ OB et} bret [, £z 2Bt i, Je0

%%Z[E{(Im{n}h)z}'i' EQ}?H_C 2. E{Re{n} 'Im{n}h}—c}s 0

—c-2-[Efmum, ¥} £l e 2- ERetn}-Imin}, 3= 0
E{Re{n} -Im{n},}

°T E{(Im{n},,)z}+ E{df} ’

10 Notice that when E{Re{n}-hn{n}h }=O, which implies that the USB and LSB noise is

where —1<c¢<1

uncorrelated with same variance, then the result is equivalent to DSB demodulation. Since
the analog signal, the interference, and the quadrature digital subcarriers are assumed
uncorrelated, the expectation in the numerator of the last expression can be replaced by:

E{Re{n} . Im{n}h}= E{Re{r} . Im{r}h}

15 while the expectations in the denominator can be replaced with:

E{im{n}, ¥ }+ B2 }= E{im{r), ¥ }

Therefore the method to compute ¢ becomes:

. = EfRe{r} Im{r}, }
E{lm{r}"

Since the interference changes over time, lowpass filtering is used to replace the

20 expectations in a practical implementation.
0 Re{r(®}-Im{r(®}, L,/
E{m{r(0)}* j,/

For practical implementation, it may also be desirable to force c(z)=0 when the

interference is small since the short-term estimates of the cross-correlation are

12
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5 mnimzed. E{;n2} - E{nm2} = E{(Re{n}y}+c2
[E{(I{n}hY}+E{d[JJ- 2 ¢ ERe{n} Inm{n}h} 2 2 +c2

wQ@2008877662CE{ Re{ n} I M{ n} h} The val ue of c yi el dPemUs1V84/002549

m ni mum noi se contribution is found by setting the
derivative of the noise expression to zero, then
solving for c. do {E{(Re{n}Y}+c22 [E{(Im{n}; }+E{d] ]-

chnednhieda by} , FidheBmofd, {taBay E{sé be{da}ifabl@tq fordd c(t)n2)+1 when the
- ¢ .2. E{Re{n} In{n}h

mtez{eg{n(cp @pm}nate}s}ong{ngguqebé,ncg r:% IRepraytivg expregsiam foE{?(Réqan}be modified
Im{nth CE(Inm{n} )" +E{d2}' where -1<c<l h ,

tice that when E{Re{n} In{n}h }= 0, which |rrpl i es
that the USB ang. J{l@@r@?}l $@({#(®), yncorrel ated wi th same

vari ance, tdﬁ(e)w—&-he—{l—es-&l—(——a};s—eqﬁi alimited to- 1BSB() <1
denodul ation. Si ndeim{Hg} ,aT*é’g signal, the

interf t r s
L1 SiRae o AP HNALRILE 00800 ol AR R

the expectatio
nuner at or Af filnBordad PodkX PiheBst Of théFedie foreatdeetledvn for an AM

I h }= E{R I 15 while th
pate AN ebme SRmeiinat br Shearm B F@pfiac by Wt f a signal is
lggélk%% %1%1118 §4}and %i)ﬁlt nlecz: gerl% éﬁdT%ﬁ%glﬁrg é%nrn}pgﬂﬁ{géf{%%sﬁﬁgd by blocks
5q a3 R5Si ’Iﬁh@rdah @gnﬂ;oenfpenmman bbhasgsd ay drowtn hﬂ;eblock 60 to produce a
35S T8, RSB R0k SR S s v
éHEWn(E}) B18cK ¢ to frblice tFan%hﬁE& ki gg!ﬂm‘n 156 Bfelsi &Rls on lines 62 and

|rrp efrentation, it may al so sirable to force
m)ezusedvhecalttﬂded ithret @(tf-'ré rfmn«mea& shownetlyl ble¢kn6® The transformed signal

b S B e B 5, SHE55T B3h0 D i 1 and mised
\Mtﬁ )the afrlt) I?e rt]&?‘hgmx}e% ?%%deﬁilgﬁrgsu@%} léd'l ggllgxﬁt% nlg @bBined with the
ﬁﬁk:i@h_ﬂp@enﬂ' ftesuprmaationcadintekpteep®idode frooutp(t JigaAdronbiéne 78. The real
&Dn%lagnlegtdcan%se: subjected to an optional further delay 80 prior to being combined with
the signal on line 74.

It is assumed that the received signal r(z) is phase-synchronized with the
AM carrier such that the real and imaginary components of r(#) can be separated at
baseband. The delay 7/ is inserted because the Hilbert Transform filter incurs a delay to
make it causal. The optional 2 delay better aligns the signal with the delay of the LPF
used to compute the correction weight ¢(z). The term P used in the computation for c(z)
forces the weight toward zero for DSB demodulation when the noise is small. If it is not
known whether the received signal is hybrid or analog, it is preferable to use the larger
value of P.

The resulting total noise and interference power in the demodulated output
signal is of interest since the signal can be further processed to reduce the effects of the
noise. Specifically the post-detection bandwidth can be reduced as the noise becomes
higher. The expression derived for the total output noise is:

8% = E(R*}— E{m®}
= E{Re(m)) }+ ¢ - [E{imny, ¥ }+ B2 -2 ¢ ERe(n) - Tm{n}, }

13
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2 {Re{r(t)} . I{r(t)}h }Pf c (t) = Enfr(t) }2 of +
p; limtedto -1<vc¢ (t) <1 where P = 0.004 for

wolgdmiodieenr P = 0. 00004 for Anal og (carrier =1pCBUS004/002549

functional bl ock diagramof the feed forward

correction for an AM adaptive wei ghted si deband

denodul ator is showmmn in FIG 4. In FIG 4, a signal is

recei ved @rhid invéseS4a@nik sptimbtednaccurstaly dod thereghiatvaronly signal.
conmponents .as il lustrated, by ol ock 56 and 58. The

Assuming Ekﬁl}%brmd e{@ph E{(Bral{ra}Q2 dthegeraiswan bbygvilhatek as:

60 to produce a delayed signal qn line 62. A Hilbert
Transform 64y bg, Eaken’ ot (e, b‘%eiznarx{lsé{gnain{aﬁ}lo

shown by bl ock 64 to produce a transforned signal on

line 66. TheoRugellStheRolse frshdanaleriportion af thelhsbrld signal can only
calculated the Q@ +t) factor as shown by bl ock 68. The
berappetiomated sicgnBid; 1619 ,lande PBClca iRy Hagrmahdeen devised to estimate
subj ected to an optional delay as shown by bl ock 70

B\ fa} g(ﬁﬁ aloné.t Astahfers€bpprojinfation othe inoistriexpressién abrbetdae be used to
resulting signal on line 74 is conbined with the real
uppeplonmdtthenoise imrtitei lybridesiasg.  Thistnoiserie dverestimatedipthe hybrid case

Si | on.line.78.. The real .15 conmponent .c e

STt B AU REE MRATEF oo dPORBRC g 3P B egponent of the
sB8iaNg WRiDiHREEhIYY bhc apPRashegnel, thiR dridiedikénisies dnd the interference
assumed that the received signal r(t) is

doimdsaes y Howeuer, ndgn i isitleshdo zam, dbe giradratyec Aigithlagubeaysier noise is
real. and i i n onponents of .r(t) can be. separated
carcetg 38 e iR PR Al S o ds” Hhedfiod SERL RO Hecount or
i | i Lt L . ) - o
R S AL} S PO R i
inviit okt eondfe mdngn ahe ebiemiiBf intesfednto dominpirseotehahe quadrature digital

cgrrection wei ght c(t). The term P used in the
SLBHUTYEN for c(t) forces the weight toward zero

for DSB dempgil afdRvati@d éiethBOhs@ol SNRBdah. bkf adHieved through
not known whether the received signal is hybrid or
feaqabary-selactive combirangiof he &/ end HSB aidgbandsy abinee gpwer spectral

. .25 resul.t i total noise and .i.nterference.. .
Fopr D TF bRt B e R RT aPl ol B bl PR G B B, he
fidt@esdyoaidctioancdisbihingt Beildphogasisedtieo SNFIUgert hdiltiple frequency

effects of the noise. Specifically the post-detection

sHabank deat comprie theendiebndlsvitihe vt Berchedd apriliod [ Hhesve this is to
e&@?‘? EI%E@?gérfi@%?ﬁéﬁa\ﬂg%?%%ﬁ#%lg_egstzﬁﬁl\@*)'t RYUE JRYeB§ IFOMFs is that

th&rh of hese filteds{ ldivhg RrerlepfiiRe fradihencn shfband§g cWbbine to result in a flat
2004/ 077667 PCIT/ US2004/ 002549 This noi se can be
rsgﬁnﬁea?wéeaﬂafc%@oa'eaa 4By the anal og-only signal.

Assum ng EHyllZadvand comBithgFhétRed BescAbdFhdit (d Shoply/applied over each

the terns can be eval uated as: )
subband of r(z) over a bank of QMFs comprising the maximum desired andio bandwidth.

Specifically,
r(t)= 2 [Re{r(t)} + Irn{rQMFn(t)H

o Re 7 O} Im{rg O} ),
Comra\t) = 2
om Eftm{rn®)) 1,

m(t) = Re{r(f )}— 2 Comm (1) Im{r omrn (t )},
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6N+l ,analog = (1 + C2) E{(Im{r},, )2} 2 ¢ ERe{r}
ImM{r}h } Unfortunately, the noise for the anal og

w@eootioorseDf the hybrid signal can only 5 be PCT/US2004/002549

approxi mated since E{1 }2 0, and a practical way has

not been devised to estimate E{(In{n}h)'} alone. As a

first approxi mati on, the noi se expression above can be

wieed theosubsystr QMFmﬁhdtcb&s nivdt sthe |srgnth pipbesset efiereapplying the nth

S Noi is overestimated .in the rid case since
I iR ener e MRl o upeArTy EPTRBPICotole cagh SulRed. then the
cloﬁlbhﬁﬁ {se%JghEéP M@H ub¥and NEhe SH8PH e bgﬁh%hs\a@bm can also be
c appr

ches 1, is error dlmnlsesan
esimmeueﬂ dexact for b 1dmhan:ﬂbg«snlyl—@gm]/ ef intevagr(SOL), or ah appertbowund for a

q di qital b . . .
SR SenatPITHRIHE: demodul at od output i (1), and the
N 2 d f [
Qghiicrq%&iiﬁﬁw@” RER i RS Fet -l‘ﬁ%?@w} T}
| nconsequ 'r?mse' (lfan rag) ? 1?1&4} tinloﬂ]glll b REHIip l?irslé g% glrf&lgction of the

only when e estina erence®dom na

dstidagd arbist v eactli gibbald. Foberamplerthe Gasdlimiting Fdakt Beeperformed by
i mprovenent on the audi 9 SNR can, be achi eved t hrough
SPPH&%?&?&%M@& xeaéelw%wm’l QHPUT in e cominipg progess as a function of
f ? e power spectral density (PSD) of the
Interfer ence s’ gener al I§ not uni form over the audio
[

bandw dt hyyfie S iedens (l&%gﬂz') 2cgar. nirpe 49 S)d

mexi m ze the S i 'frequéncy
that conprise the a d| 0 bagdvvl dth. {One practi cal

net hod to achi eve tD'@m,sH B-26-en°p+—qy—t—he properties
of quadrature mrror filters (]-@WWFnFFQMfFIWGI property of

QVRghdre gt Natsetdthe" miea &f thk b §@S\fplp!rés§16§ fuld@¥h R the nth subband.
over | apprng frequency subbands, nbine to result in a

A |f1ﬁ{ct1oﬁﬁ§ﬁ£§i§1% STMBE fﬁetll@enay diisbaha r&@mwln% teEHﬁaqaé ﬁe%% in FIG. 5.
nmbi ni ng nmet hod descri bed here is si g lied over

Ie é’dﬁ SsuBiganldr(ofis w@qe)ved\p@rhrw Papid pass o‘églnnfp plusility of bandpass

i Pﬁ‘trxk%%{e‘a &)t g}P%Jr %{ib%{}ﬁﬂf§fhfj,lter%§ fiﬁﬁ{ig g\x,',;f 2/ 92 and 94.
TN i hiilidento@Mard (e Mllstrated b&rc@hﬁﬂu(atdrs $6,.28PInd 100 and the

711(t = Re{r(t mMrQvwn (t)}h n 14
D OSOIATRS e USICUM 038 NTemed hEsolims bput signal on
|nd| cates that the signal is processed after
applying the nth QW filter. Hence n val ues of
QW : (t) HGs. cvfpuhed, tleneA¥brdeaachlsabhendrmitven vhie various

interference conditions. The vertical axes are the SNR in dB of the analog audio signal,
while the horizontal axes are the ratio of the desired signal to the first-adjacent interferer in
dB. The plots show the individual performance of a coherent DSB demodulator, a USB
demodulator, a LSB demodulator, and the proposed weighted sideband demodulator
(Blended). The value of the weighting factor c(t) is also shown as multiplied by a factor
of 10. FIG. 6 plots the performance of an analog-only signal of interest (SOI) with an
analog-only first adjacent interferer. FIG. 7 plots the performance of an IBOC Hybrid
signal SOI with an analog-only first adjacent interferer. FIG. 8 plots the performance of
an analog-only SOI with an analog-only first adjacent interferer. "FIG. 9 plots the
performance of an IBOC Hybrid SOI with a Hybrid IBOC first adjacent interferer. The
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conbining is applied for each subband. The noise in
each conbi ned subband can al so be estimted (exact

wo evo4amesdeal anal og-only signal of interest (BO/S2004/002549

an upper bound for a 5 hybrid signal of interest).

6QVFN, N+l =(1+CQVFNn) - E{\ I n{r QvFn}h)} 2 CQVFn

- ERe{ YQVFN} - I'm(r QWU} h} The noi se can be reduced

flomst tlearlyt hehowglthdbahd! propbsedg vaesghaed widsbhwdh deinddhitor significantly

esti te no' se in each supban For, anpl e the
ﬂ? %réﬁvﬁéhﬁéarnﬂﬁPﬁ’é‘tﬁer%ﬁenC&}%‘ﬁ fssing the
h' gher ffqﬁlﬂﬁnﬁb’l@ﬂ:fuﬂéﬁcﬁm $ldckt &Egraﬁ%?'apeﬂm Hé&?féSuo that is

as a function of 10 the noi se. For exa
dongttycped inaccordifae, wikh the linyeREom.r WF@A(M)E}dmm,gn@ln; recmved on antenna

f 2 U2 where. , ts. th

Ut ATl tnd g, GRstused O asteref avit el Sy tecmology
thtdrdihe tahRAak s1%hﬂ9{na Br&uctdesibi2 GHameN 16 W ddixed with a s1gnal from
conmbi ning tec ueis shown in FIG 5. In FIG 5,

lega] @a¢lllatpr 118 & m@ed@@cﬂo pwdwen@ mzermdlap;m&scwncmlen@mn line 122.

l band ass
The” it b TRAFY st b R EER g 0 P nl gppssed 1o 2
Rhodarht$r41 261Mhail pdcédsks eathrsl ﬂﬂ&é@r@dn&e d\&ﬂiotﬂlwa@bﬁd déRription and
illustrated by denodul ators 96, 98 and 100 and the

RIQHset 128t QUPY] siandlsom ding i 178s The outmi signs! £ew thetw be amplified by

I 08. FIGs.
BHITRR 0 PR BN S b Hbvide 205 sudoe  RBE0. o
i nt er f er er€l&s. ddnidiat blotls diagitaen vba radialre@ies 140 eapdide BNperforming

n dB of the anal og audi o si gnal
h% ﬂg??)ln]frﬁf:esﬁ%slnzﬂcgorg%erwl? 1%fnvteﬂg01awg‘}1? &:Ng iStgmal is;fgeeived on
dnbSinh | 1431 - adinag@ks ipRsBleEeriREr 1M q;%sseg_nﬁe Hféght%ncﬁlh%d of interest,

t he i ndividual performance of a coherent
iddnding|the dﬁslred SLSBI ablﬁrﬁq:t@udsyafco byt wjdc8Bhd amagrikigharat f. - 2fi¢ (for a

d.th ) band. deno
B IaTR SRIESE L S PTG TRat D arpifies the signal.
"BHeSamSlsiNsi gsal T8 Indiked ireghi-RY 138 friet @Tloca@fosclﬂatoi:h@nalﬁﬁo supplied on
plots the performance of an anal og-only s

e 30 5 (BBl B alrbsamas 1aRa Bis GRsigs imeC. a abdriifference (7 -
Fﬁg bs‘leén&f‘sr Gh- 11111:% q‘éé]? Ql.llt?l%l’? éi%ﬂg nfg ERWE lgfgts %SS% t1ntermed1ate

ﬁdquemcf}esﬂgmal firbfal aflerplaet Sretjbencpsrdutsi dBoL the dandwidlth of the modulated
anal og-only SO wth an anﬁl og- onl iﬁfl rst adj acent

SHRLPT et Fﬁ@anglogrtg-tdégl EoMGEEY dpfroRerateaising 4 gegk signal £ fo

¥ di st fesBort MRE 160 LB a1 S Digg 38 rter 162 fi

i< éég S%{E S5 W0 20047 077687 P%T/ US2004) 062549~ Fedueney
shifes;, sfiledre canldy dedvpaies hthe sigrel poopusiede Vewghtatplsi tebanghase and
quacqroaij l'}e as}g%ralssérg ﬂlnésl Gk 51]1(}/ 166. A digital signal processor based demodulator

168 then provides additional signal processing to produce an output signal on line 170 for

output device 172.

Receivers constructed in accordance with this invention can automatically
select between LSB, USB or DSB coherent demodulation as a function of the interference.
The interference can be determined by estimating the variance of the noise and/or
interference in each sideband. The maximum ratio combining (MRC) technique can
approach DSB detection performance when the interference in the sidebands is equal.

‘While particular embodiments of this invention have been described above

for purposes of illustration, it will be evident to those skilled in the art that numerous

16



outperforns the others over the range of interference
levels. FIG 10 is a functional block diagramof an AM
w0 e@aioves7 110 that is constructed i n accor daneer/vs1004/002549
the invention. The AMradi o signal is received on
antenna 5 112. A front end circuit 114, constructed
in accordance with well known technology filters the
watasions of thgrrbltalhnﬂ tior pmésﬂmasn\anamgmly termadeneitddift depa@ting from the
nal | ocal oscillator 118 in
m%e Fonlafdwfclge%%%‘ﬁggpegﬂe‘i ﬁ?@sﬂedl ate frequency signal
on Ilne 122. The internedi ate frequency signal is
then filtered by filter 124 and passed to a
denodul ator 126 that processes the signal in
accordance with the above description and 10 produces
an output signal on line 128. The output signal can
then be anplified by anplifier 130 and passed to an
out put device 132, such as a speaker. FIG 11 is a
bl ock diagram of a radi o receiver 140 capabl e of
performng the signal processing in accordance with
this invention. The DAB signal is received on antenna
142. A bandpass preselect filter 144 passes the
frequency band of interest, 15 including the desired
signal at frequency fC, but rejects the inmage signa
at fo - 2ff (for a Iow side |obe injection |ocal
oscillator). Low noise anplifier 146 anplifies the
signal. The anplified signal is mxed in mxer 148
with a local oscillator signal flO supplied on |I|ine
150 by a tunable | ocal oscillator 152. This creates
sum (ff + f10) and difference (ff - f10) signals on
line 154. Internmedi ate frequency filter 156 passes the
internmedi ate 20 frequency signal f; f and attenuates
frequenci es outside of the bandw dth of the nodul at ed
signal of interest. An analog-to-digital converter 158
operates using a clock signal fs to produce digital
sanples on line 160 at a rate fs. Digital down
converter 162 frequency shifts, filters and deci nates
the signal to produce |ower sanple rate in-phase and
quadrature signals on lines 164 and 166. A digital
si gnal processor based denodul ator 25 168 then
provi des additional signal processing to produce an
out put signal on line 170 for output device 172.
Recei vers constructed in accordance with this
i nvention can automatically select between LSB, USB
or DSB coherent denodul ation as a function of the
interference. The interference can be determnm ned by
estimating the variance of the noise and/or 30
interference in each sideband. The maxi numratio
conmbi ning (MRC) techni qgue can approach DSB detection
performance when the interference in the sidebands is

equal . VWhile particular enbodi nments of this invention
have been descri bed above for purposes of
illustration, it will be evident to those skilled in

the art that nunerous 16
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WD 2004/ 077667 PCT/ US2004/ 002549 vari ations of the

details of the present invention may be nade w thout
waleantiony fromthe invention as defined in tPEr/US2004/002549

appended clains. 17 WD 2004/ 077667 PCT/ US2004/ 002549

What is clained is: 1. A nethod of processing an AM

radi o signal conprising the step of. receiving an AM

Whadiiockimgthis: i ncl udi ng an upper sideband portion and a

| ower sideband portion; denodul ati t he .upper ..

si deband porti oh BERPG HPPEHIPS &7 éi‘gé%ﬂo S&Jf?ﬁiceﬂlppémg the step of:
produce a dempdul At GigAAIOR BRI S AP BFher &bband portion and
denodul ated | o raﬁsggie a% 1égiﬁgnal ; \7%; gh erﬁg t he portion and a
lowemsidebané doioper si deband signal and the denodul at ed

I id i.gnal i t [ . .
produce. a SERGHEHE derprter SOBamqepa SIeBp SREraidsnand porton to
6dhcd aRhidahRebalfpRriihédad sigAieid sl dteRanthiel 19Wat sidédadd signal;
conmbi ni ng the wei ghted denodul at ed upper si deband

si gnal andveipkting\éiegieradduleind dppert sidebandesigeildulslathg demodulated

si.gnal, t o .pr.oduce an output siagnal. .2. The netho f
1S Ploab Rp 8RR oBhePH RoBh B0 16 gpo e il cemodutaea
Wpdehdehdnd kigh&lrandg wehtddiEadddasi Wvidr skichb@id digndlivnd
step of dempdul ating the upper sideband portion and
the | ower conumagdthgoreighied dempfidaiedt Worer ofidehaafinsignal and the

i : _ iag : )
08 SRS Mo SRRl o BELRLT U S o
t he denodul.at edTheowethod bflabam d, fHrtheadonmyrisarg the stehef:
t f i.ghti th dul at er si deband
Si onal . ancitle BEBA0I FEHE dierAM deBand taNgagR: 1, the siep of
dehRdiRERg %egjopvf\)gfr ﬁg?ﬁa?chl g\ﬁﬁ%%a thd vt SleRinddRkEdIN Ni ng

t he noi se denodul at ed upper sideband
si gnal and.t he Bemedhbdvtdain hefurtheteemisingthgntgb of:

conprises the ste of ;. cross-caorrelatin uadrature.
conponent FTERE A DO SE gt ettt abd Gidghindsignal and
the tdBmbhelagtaneel ideBandPaghal irdeRanHe Stepnél weidAfing the demodulated
cross-correl ati n% ta quadr at ure conponent of the

upprbHdehanéaign he feaerdiated loyreasidaband signal.
denpdul at \?ﬁ | OV‘Fﬁe ?}hﬂl%a%'}%lasl#rxgg,a\kfhergin tye]: %fegeééq@e%rﬁ‘fining the noise
claim4, erein: € step of Cross-correlating a

itrael rodt the elef@dpananiprel sidabardesigaall afdethe dgppeivlated lower sideband
si deband _si ?tpal wi th the denodul at ed upper si deband
SighedpEies fissd¥ePstde steps of

cross-correlating a quadrature component of the demodulated upper
sideband signal with the demodulated upper sideband signal; and

cross-correlating a quadrature component of the demodulated lower
sideband signal with the demodulated lower sideband signal.

5. The method of claim 4, wherein:

the step of cross-correlating a quadrature component of the demodulated
upper sideband signal with the demodulated upper sideband signal comprises the steps of
shifting the quadrature component of the demodulated upper sideband signal by 90° and
multiplying the shifted quadrature component of the demodulated upper sideband signal
by the demodulated upper sideband signal; and

the step of cross-correlating a quadrature component of the demodulated

lower sideband signal with the demodulated lower sideband signal comprises the steps of

18



shifting the quadrature conponent of the denodul ated
upper sideband signal by 90° and nultiplying the
wa bioinedequadr at ur e conponent of the denodul at BAT/UPME$/002549
si deband signal by the denodul ated upper si deband
signal; and the step of cross-correlating a quadrature
conponent of the denodul ated | ower sideband signal
shiftihg theequidradatel catgdnémvetrthe detnbduiated lgnal sidsdand sigasl by 90 © and

t te of .. 18 2004/ 077667 PCT/ US2004/ 002549 .
%ﬁ%@?&%@ﬁ@lf&f@aﬁﬁrwf@ CBMEBALA Bf demedueirddaret gdeband signal
Byahe BebdARBA v dRRbafysid. and  mul tiplying the

shifted quadrature conponént of the denodul ated | ower
si deband $.gnalThebymdthed ddénoldinh al edviieneinr thei diepanfl weighting the

[ 6. The. et hod of cl.aim1, rein the step, of |
‘ffag?’@%%u&n% Sidgbimstisientlcard b sFingtifi vt Q@Fa&qaompﬂses the
didig offenodul at ed | ower sideband conprises the steps
of : multipl yi.nlg.the denodul at ed upper sideband signal
by a wei ghnltiglying therdemagntitasiumpep bigeband: dignal by a weighting factor;
a%grmdul ated | ower sideband signal by one m nus the
wei ghting factor. 7. The method of claim 1, wherein

the wei ghtilgipfyad @fic idemadileRet lodRr Qfidebah@ sydial @}CSn@fminus the
interference plus noise. 8 The nethod of claim

Virightaigfa¢tae step of combining the wei ghted

denodul at up j S| . Waj . .
denodul at 273 I O\j\l.@i;e 1@%@@%%@‘@? g’na er@iﬁ S}rl‘% ﬁ'glrg\‘)@g%%}rc?og il%%funcuon of
thérearstep obihterferama@hsynosel ecti ve conbi ni ng of the

wei ght ed denodyl.at ed, upper. . si depand si gnal and the .

wei ght ed denod e BEthPR REFIAR bk W&lf’sﬁiﬁﬁ"ép.(’f gompiping the weighted

déﬁioﬂﬁﬂte‘ﬁfu@keﬁgiﬁéﬂandfs'i’grfag Ghd ‘E-H%”\Péi?ﬁﬂ'eﬂ giehfbﬁuﬁ,ﬁeﬁﬂlower sideband signal

filtering the wupper Sideband portion and the | ower

fuithilsangriogthosicpef-or to the step of denodul ating

bor 1 on. | 109UGRY HEERBE GPrETSE O (WP cecpogated upper

sidebb@ 4i5ithl bhe tHePPaEhted dERBANStH Mvhdr@iteBRE i@l ower
si deband portion conprises the step of passing the

upper si debandhsoreibed enelainhd, [feiikear ennapsisingdthsosten diftering the

I ]t f n filters.t roduce .a :
DY BOHIG 08B RBAA Rty o LAY 5 cpocutanns
theomeu kidebang fohgorupRahe @i elldbshdaairtion and the | ower
si deband paqrtiqn conprises the step of denodul ating

the plurdty 11 mathesd of dighal swheepr dhfustepaliltering the upper
sl pdr¥ioR band SRR SRR ORRHiSn comprises the step of passing the upper

sideband portion and the lower sideband portion through a plurality of bandpass filters to
produce a plurality of filtered signals, and wherein the step of demodulating the upper
sideband portion and the lower sideband portion comprises the step of demodulating the
plurality of filtered signals to produce a plurality of demodulated signals.

11. A method of processing an AM radio signal including an upper
sideband portion and a lower sideband portion, the method comprising the steps of:

multiplying a Hilbert Transform of an imaginary component of the radio
signal by a weighted correction signal to obtain a weighted signal; and

subtracting the weighted signal from a coherent double sideband signal.

12. A demodulator for processing an AM radio signal comprising:
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11. A nmethod of processing an AMradi o signa
i ncl udi ng an upper sideband portion and a | ower

W@ k@elozrsd? portion, the method conprising the sPepESINI/002549
multiplying a Hil bert Transform of an imaginary
conmponent of the radio signal by a weighted correction
signal to obtain a weighted signal; and subtracting

t he wei ghtmdarsifgnadémbddaring the bppeeidedmibpertich dedardower sideband
signal . 12. A denpdu] ator for processing an AMradio
gqrg%pf @8 garqg@ signgltopsosigess A &pi;r@glylate upper sideband signal and a

&Q’ddﬂ%%ﬁﬂ(@pgﬁg@md%p for denodul ating the upper

si deband portion an € | ower sideband portion of an

AM r adi o singamal fdroweighting ethe dbemwhhidted egbpewppiteband signal and the
I depand, si gnal. .and.a, depodul ated | ower sideband i

@%ﬂ%@ ate FeDa0 ipnal iy RS JRRRIaPEYCT pBroduce a weighted

GnSbhRiRcl ShRaldeBRst idRal HRMD A AtdddRYBNaSd YRPEHdeband signal;

signal in response to noise power to produce a
awsi ght ed denodul at ed upper sideband signal and a

wei ght ed denpdul ated. | ower sid signal ; and, peans .

For Sconbi riRFE L e CEPigA e Jistatr dorberiigpb praT qidbEA siena and
the SRadhtaldbmddutadEloght SidesipaRibabpt ed | ower si deband

signal. 13. The denodul ator of claim 12, further

conpr i si ngt3-meahke demodydater ofickimgly hathesicomppengr of
the demod gﬂg@%n%%oy Rag@gglar%‘(jﬁg Hgirs]% ﬁbvggr%f g gﬁeﬁmqlélﬁlé]ﬁjield rPé)per sideband

denodul at ower s [ rior

dipvenl dadubielldainedul atedplrves isttizbanid sighgngdioratedwtig@ting the demodulated
denodyl at ed. | ower_ si deband signal. 14. The denpdul at or

YIpeg 1 ?bﬁnisl,gnak@déﬁ% demediatad bweg sidghand sigvalng  t he

noi se poweyy of Tﬁ@g&?ﬁ&ﬂ%@h?gl ﬁ Wcﬂeg&PQH&g SO determining

and t he denodul ate ower sideband signal conpri ses:
tire anvssef mrwer rad sthe clenrodbmtddngpper gidetiamt sigealcanipthn edeimodfilated lower

t.he denodul at ed. upper sideband signal with the
%@%HEFI%éd:OH‘EBé?S'Si deband signal; and neans for

Cross- cor rgkaisi 08 FoRBUIRERLIHE S §EAHPR0 &orﬁfwoﬂeﬁ? of the demodulated
denodul ated | ower sideband Signal with the

whwepsideband dignalweith dieddeivandylasddgmper sidehantisigndeandiul at or

of claim 14, wherein: the ans for .cross-correlatin
the. quadr 2PEAS 105 EBOMRPCKIE o auaiaits, FupRenenp ghphe Homodulated
Isivdehiastthng kignal with the ddaeddrirdulvai ad=HapaeIgngl. deband
signal conprises neans for shifting the quadrature

conponent bt hEhaxdsmeinaieicef dlpiel- sihgesieind si gnal by
90 and f Orth?“{n?}éaﬂé Yidi9 cf‘&@-cgg{e}%%z? ﬂlléa%uaalléﬁﬁ‘e component of the

conponent o e denodul ate
demodulated upper sideband signal with the demodulated upper sideband signal comprises

means for shifting the quadrature component of the demodulated upper sideband signal by
90° and for multiplying the shifted quadrature component of the demodulated upper
sideband signal by the demodulated upper sideband signal; and

the means for cross-correlating the quadrature component of the
demodulated lower sideband signal with the demodulated lower sideband signal comprises
means for shifting the quadrature component of the demodulated lower sideband signal by
90° and for multiplying the shifted quadrature component of the demodulated lower
sideband signal by the demodulated lower sideband signal.

16.  The demodulator of claim 12, wherein the means for weighting the

demodulated upper sideband signal and the demodulated lower sideband signal comprises:
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si deband signal by the denodul ated upper si deband
signal; and the neans for cross-correlating the
wa@e@doatesT e conponent of the denodul ated | owePCT/US2004/002549
si deband signal with the denodul ated | ower si deband
signal conprises neans for shifting the quadrature
conponent of the denodul ated | ower sideband signal by
90 and f omembt fopl yvitplying hhi demodujatad reiper esideband signal by a
conponent of éhe denodul ated | ower si deband signal by
Vfﬁﬁgﬁ ﬁﬁ‘&fﬁ’&f‘ d | ower sideband signal. 16. The
denodul at j [ . :
wei ght i ngq{l?}agg f(gjerrﬁrglghf}g?getgg g%%ggulgdlagé an %{b&%%fggﬂé) y one minds
thrweigbtiogi{actored | ower si deband signal conprises: 20

WO 2004/ 072667 .PCT{ US2004/ 002549 ans for . .

mul t1pl yi g ¢ nl GSRBRGR B GBBr 2o BRI by a

vei ght i ng @k Oor fARENEBASuph& sidbdrdPhoitiBE ddCthe lower sideband
denodul at ed | ower sideband signal by onhe mnus the

pegtigght i ng factor. 17. The denpdul ator of claim 12,

further c risjng.: ns for filtering e per . .

sideband ASrti dh SREPRION W"%%‘E%aaﬁ‘dAﬁ‘EofF‘ﬁ%oﬂ?naislP‘ﬂ“dmg an

uppelesiarth @bértioh @hd RNOCESTdeBEnBporAdh,'tBEl HeémsdPMnat comprising:

i ncluding an upper_ sideband portion and a | ower

si deband pegan dor mukplyjagsdiilkerioFrapsfepriofi angimagmapys component of
.t i . I . nsf.or 1 i- \Y

ATy R B ARl A0S0 gl PR B nd

cor r ect i ommeing fiad subtracihigathe weigheddodigred foing A @bheramtdiouble sideband

peans for subtracting the weighted signal froma

§ Qr ent doubl e sideband signal. 19. A receiver for

processi ngoan AWM IRAkPro? pBRBLsiTLAPAM U siBRARSmpALing:

receiving an AMradi o signal including an uUpper

si deband momsifon racaiviag | eV siadieb sigdalporctiding anewpysr sideband

for de ulati.ng t he er sideband portion and the
30%3@%88%88%8&@9%&&0 produce a denodul ated upper

si deband sh@malforrdihRuHSAB e GiRE sidemiid poriisieRRNMe lower sideband
signal ; neans for weighting the denodul ated upp

er
porigab s Predugaat demepdpliéed gepasdsifehand signdr agd deBemedulated lower

' .l n,response to noi se power to produce a
S\?\(/iéelg%ﬁisé%&l’dermdul ated upper sideband signal and a

wei ght ed desandufoat eeightivge rthe iddalodoBicsil gppdr; sideithd signal and the

demodulated lower sideband signal in response to noise power to produce a weighted

demodulated upper sideband signal and a weighted demodulated lower sideband signal;
and

means for combining the weighted demodulated upper sideband signal and
the weighted demodulated lower sideband signal to produce an output signal.

20. The receiver of claim 19, further comprising:

means for single sideband filtering the AM radio signal prior to
demodulating the upper sideband portion and the lower sideband portion.

21.  The receiver of claim 19, further comprising:

means for determining the noise power of the demodulated upper sideband
signal and the demodulated lower sideband signal prior to weighting the demodulated

upper sideband signal and the demodulated lower sideband signal.
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means for conbining the wei ghted denodul at ed upper

si deband signal and the wei ghted denodul ated | ower

W@ k@elzrsd7 si gnal to produce an out put signal. POT/UI10e4/002549
receiver of claim19, further conprising: neans for

single sideband filtering the AMradi o signal prior to
denodul ati ng the upper sideband portion and the | ower

si deband f2@rti dhe Bdeivekhe ¢laieeRVewhedeire tiei medd, for determining the

further c n nmeans for termm n

RO Pige SHBY B sh i COREb G Mot gibs| Semmpulated Tovier
S;dggaﬁaesql%gy ﬁh Jsower sideband signal prior to

wel ght i e denndulated upper si deband signal and

t he dem)dlmh@nedmi omves-caireletegnd giadntire cdpdient of the demodulated
2004/ 0776 S 4/ 002549 22. T cei er of

UEpe BN A iR ihp domednah o st er MR e noi se

pover of thang Q@%sﬁ&&%lh‘tﬁ%eﬁ qzlgdﬁae@ Cofipdidlt el dnodulated

denodul ated | ower sideband sig onpri ses: means
I¢wer sideband signal evith the demodulaigd dawarsidsbanpbsignal. of t he

denodul at gg URREr. Si deb d. S| %naﬂle with the

denodul at up gcfeaveeg;g 3 Al My neans for

Cr0SS- COr Itigd afnbsiy FoflUABERAEIHSath@NmBE e@ﬁadi’ituieh €omponent of the
denmpdul ated | ower sideband signal with the

dgmedelated vgren sideband siged) arith e glﬁlalpdulz@d Upper sidabang signgjfcomprises
nfdaitt B afirrai Bl urddraklﬂg ]p&?ﬁ&fén{ Of ra‘laﬁ%%dgﬂfedqlgﬁ&l ﬁgebtang signal by

quadr at ur e Ttonmponen deno
96F ciab aod mmilgpBinglichshified dpadduiratoethpopger ofS thdeBamddulated upper

SIS BH Gt B e e oS v seH SenahBBRd i gnal by

90 and f ofpdnupbiR be‘gc&&eccﬁ@kftfn%d tHé’a hRMbR  co g)onent of the

conmponent of the denodul ated upper eband sign
detmeddeted dowvert se@bbaqu signalivdébtha dlemoguﬂate;i lawer gidebang allgsal comprises

f I th t of .th
e e 1 e R PSR e p PR B atiif At siznal by
obowal oI dRbapH i q&akhlﬁ@arrqf'uh&@ﬁue nRaponés! ofs el HéMBdulated lower
t he quadrature conponent t he denodul ated | ower

sisiebatsksignad by el deyodubteddlawes edebmrlmg@ayu ng t he shifted
quadr at ur 94C0 nsl%%;%l%r E)P %lc?ﬁjrﬁn](:% dW érg% h% gor weighting the

si deband si gnal e deno ower " si e

dsingdalated 24hper idebaed sighal rand thecdspnotulded doher auabdnhel gnal comprises:
nmeans for weighting the denodul ated ggper si deband
signal and"¥Re WeneuliPhfieg ewdemedwhieth HPrsy gwéqband signal by a

oS ahgans for multiplying the denpodul ated
%Rng erband signal by a weighting factor; and

means for multiplying the demodulated lower sideband si gnal by one minus
the weighting factor.

25.  The receiver of claim 19, further comprising:

means for filtering the upper sideband portion and a lower sideband
portion.

26. A receiver for processing an AM radio signal comprising:

means for receiving an AM radio signal including an upper sideband
portion and a lower sideband portion; and

a demodulator for demodulating the upper sideband portion and the lower
sideband portion, the demodulator including means for multiplying a Hilbert Transform of

an imaginary component of the radio signal by a weighted correction signal to obtain a
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means for multiplying the denodul ated | ower sideband
signal by one minus the weighting factor. 25. The

wo e@eiovmss7 of claim 19, further conprising: meaPST/{82004/002549
filtering the upper sideband portion and a | ower
si deband portion. 26. A receiver for processing an AM
radi o signal conprising: neans for receiving an AM
weightedssigma| andnotardi fog salstractipg ithes wdizheeddsigid ritdon e@hdrent double
a.l.ower. si.deband portion; and a denodul ator for
ﬂ@ﬂ@ggﬁﬁPﬂng t he upper sideband portion and the | ower
si deband portion, the denodul ator including neans for
multiplying a Hilbert Transformof an inaginary
conmponent of the radio signal by a weighted correction
signal to obtain a 22 WO 2004/077667
PCT/ US2004/ 002549 wei ghted signal, and neans for
subtracting the wei ghted signal froma coherent double
si deband signal. 23

23



