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WO 2004/ 077667 PCT/ US2004/ 002549 COHERENT AM
DEMODULATOR USI NG A VEEI GHTED LSB/ USB SUM FOR
| NTERFERENCE M TI GATI ON FI ELD OF THE | NVENTI ON Thi s

[ jon relates to AMradi o signal processing. and
Wozﬁdg‘?@%m cularly to nmethods and appar at"&i‘ﬁ%@”’““ﬁ”

denodul ati ng AMradi o signhals. BACKGROUND | NFORVATI ON
5 Reception of AMsignals in the broadcast band is

AR Y s

signals, where nearly half the bandwidth of a first

adj acent anal og sgEnplOPYEEIRPENGNS! gnal of interest
(SA). In-Band On-Channel (TBOC) Drgital Audio
Br oadcadtis igyepiismprlatey so AN radicosignak ploetssigg iand mereepartizylarly

' tyl 3 urrent anal og
B R T S A A IR
| n- Band On- ChanBACKGROWEND INBORMMEON equi res no new
spectral, al J.ocations because each | BOC DAB signal is
t Pansm i{f’(?fah%l %ﬁﬁff} Slgpges %@thr%ﬂ%cmgﬂldo]@ n dggraded gpe to
- adjabdvit chamneleintepblefERAACTN - MuBOor BABNRHRFIRLER LEAN0Mihe 9 KTz

broadcasters to suppl I tal

spectrum whi |l e_enabl i n : dig
spaciigaph 40, Kb 10 ¥Ble) bandwisileaeing e, where gparly ifdhe bghdwidth
forth i S. Patent No.
of a g aehidcRBRbAD: el erkPirtelet (SODS oot Y
b{\/l 0 agcahﬁBang Qn@hmgxehﬂﬂlom) gU)'Si_gi&ll Aﬁidgﬂt h chﬁdéa@tixfgh@li@)d@&tﬁms
gadcasii ng C nnel . 1 ng., IS a r oac an .
are e AORESAS I Hrokiie, memopth cEOUETR. Jou: TRt sHiag Agplide
Moduldtioh (AMBOREICY § FEIT Hg&mali &-E&maéﬁ@{annemgstem. _IBOC DAB

anpl i t ude- nodul ated Tadi o fregenc 20 si gnal includes
requires ¢ Bew §pspledl @logations hecage pach dBOS §igpaldg framsnyitagieithin
' ; I i . di gi nmodul at ed

the Pt wARE G ol ity BT bt lioBlicf, TOE BARTRPNE Eitngrmy

of speairwnydisle esablihge briohdcasters e sppplycdigimp gedlityinndidake present base

£l %_%i tally nodul ated carrier signal is nodulated by a

° fsi‘_on_ of a digital programsignal. A first group of
the di gbicsAMBOCAYAB sRtbm, G 6EH 1B SIPALRE Nol £588W28 Hirkkents
the first frequency spectrumand i s nodulated in

a meffiody Foxsippdtapgously bsoadpasting pealoge and: figitalsvigpalsl in Ssfeudani AM

e _ ; i gi i Car

broading Ao GHHRER spbrdftf P e Al AL 5030 SR igma

havinghe fifst frequeficyespestnioy isspestitast nThnamplitedermetinizddaddib diehuency
rrier

sl A 0 e AL B S B ol e By,

plurality of digitally modulated carrier signals are broadcast within a bandwidth that

- encompasses the first frequency spectrum. Each digitally modulated carrier signal is

modulated by a portion of a digital program signal. A first group of the digitally modulated
carrier signals kies within the 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 infroduction of the
digital sidebands of IBOC signals in the band of the sigﬁa] of interest.
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frequency division nmultiplexing (OFDM to bear the
communi cated i nformati on. | n-Band On- Channel (1B0OC) AM

di gital audi o broadcasting can exacerbate 30 the

WO r04/eméer ence problem for conventional AM pad) [ S
by the introduction of the digital si debaﬁ?{}sug%)@‘”ﬁ%%
signals in the band of the signal of interest. t WO
20041077667 PCT/ US2004/ 002549 There is a need for a

met hod  ameredio RASERY YSr i?&eﬂﬂﬁ%ﬁ%\y@ﬁr&tﬂg MR i) g;n%'rﬁdio

. that can_inprove AMradi o recei pertfornmance

signaly Bt Aeh P yhaMeradigispasiver paforinacerviben esveivingStiMaBRVbIEH to

inteHdfenbdVENTI ON I n accordance with a first aspect of the
present invention, there is provided a nethod of

processi ng an ASUMMARYSOB THE IBVMBNTIONNg t he steps of.
receiving an AMradi o signal including an upper

si deband portion and a | ower sideband portion; and )
denodul Bt pfrgrdanee wiper Sidetsassd ¢lothei presentdinvénsionowhgre is

R T e
an AM gdid signad relwiiigean wger sidebmidghtriiong ahtie Iderpsidétaing ortion;
and 4RI TR Pt et 7 Y Diiond pAphdo produce

a. dem@delat¢@ duppef idebsid ehanr anl0a  RinQiMGRda 1oWrIBideshnd signal;
de eband signal and a wei ghted

nodul at ed. upper si ) .
charagferizsd pay ahtnEhe dempdidlpted appergndaband ¢igal ind ghe demodulated
| ! _ q b . _
ove SRS SASTREN L0 RO BVETORY BB B8 e
produge apweighted siegwdilpted nipped sidebandnsigpl tand an eieiphitqiodenodulated

t he,depodul,at ed .u si deband sigpal, and t. )
lower pideba HEnal. vORE Thes BErRbs, ‘gﬁﬁ%ﬂdgl}vdcltp@g §15§fmns|%&qah god
the weightaid dahodutated PHGESHclndt §8nal dA8NPABLRL 88 JUBRR' signal; and
si deband signal with the denodul ated upper sideband

determiingig, the, Baise cpayess - ofo the | demodylatedq upieir asidehand osiperdemnd the
| i i gnal..with  the

sl 06 ) 5 e SRR S A0S a0
demodidated @ppérngiieband dinahevithi thie edegtbdnlatedr upper tshdebaid pigfl and

dempdul ati nqg t he er sideband portion and, the | ower .
cross-EorTiIfiEA %ﬂw cor @eﬁi{)ﬂ@e%e@ﬁgmﬁe? ersgleprnd eignal avith

the defilo8afefl 16404 1dbaHdEral® NOi se power of the
denodul at ed upper and | ower sideband signals prior to

the step of weighting the denodul ated upper sideband
si gnal ThnAM helicl sinmal Wan the dridglesitletahd Eiard pHiod fdtthe StEE of

demoatglgt?ng the upper sideband portion and the lower sideband portion.

The method can further comprise the step of determining the noise power
of the demodulated upper and lower sideband signals prior to the step of weighting the
demodulated uppér sideband signal and the demodulated lower sideband signal. The step

of determining the noise power of the demodulated upper and lower sideband signals can

- comprise the steps of cross-correlating a quadrature component of the demodulated upper
sideband signal with the demodulated upper sideband signal, and cross-correlating a
gquadrature component of the demodulated lower sideband signal with the demodulated

lower sideband signal.
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of determ ning the noise power of the denodul at ed
upper and | ower sideband signals can conprise the
steps of cross-correlating a quadrature conponent of

t he denodul at ed upper sideband signal with the
denodul at ed upper sideband signal, and
cross-correlating a quadrature conponent of the
denodul at ed | ower sideband signal with the denodul at ed
| ower sideband signal. 2 The step of cross-correlating
the quadrature conponent of the denodul ated. upper

s | d e b anﬁ step @ Blos3idribiding tgkediiaskdiuad &fnpoRBRTof %iedﬁhﬁﬁﬁ’lated
can c@&grlse the steps of shifting the

upper éfé Qﬁ*ﬂwé witrpe Aeneduited ynpersdaband signal cupenemprise dheintend

R

multiplyiveg the shifted qtmhiatuxp pempsnaht bfitid dengdalated ampgert didebakd ﬁgﬁtﬂ

e SRR T e R B R S e
compoh€itesf thei ﬂ&ﬁtﬁiﬁ&uﬂ' Wk GdBakd @Tﬁhﬂsﬁlﬂlhﬁesﬁéﬁﬁu&%ﬂ lower

shlftlng the quadrature conponent of the denodul ate
sideband, §igpal 5ag Aompise ithen stepp pf Shiftig theuquadpatyee rgmplsent of the

'demOdﬁlggaeban SI g nﬁllhuggn atl hwm e’%ﬁl %Eﬂgg pﬁ%e%?‘) g ﬁ}g%% %‘ﬁlﬂf%ﬁe

compowsing nbithe deacdixt@DMeDsidciGnd Bighil BSAROdr0siRTAA] loWbesiddband
of wei ghting the denodul at ed upper and | ower sideband
signals can conprise the steps of nultiplying the
denodul at ed upper sideband signal by a weighting
factor, and nultiplying the denoduyl ated | ower sideband
signal by one mnus the weighting factor. The exanple
enbodi nents i nclude a nmethod of processing an AMradio
si gnal including an upper sideband portion and a | ower
" sideband portion, wherein the nmethod conprising the
steps of multiplying a Hilbert Transform of an

I magi nary conponent of the radio signal by a weighted

signal.

correction signal to obtain a weighted signal, and
subtracting the wei ghted signal froma coherent doubl e
si deband signal. In accordance with a second aspect of

the present invention, there is .provided a
denodul ator for processing an AM.radi o signa
conprising: neans for denodul ating the upper sideband
portion and the | ower sideband portion of an AMradio
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signal to produce a denodul ated upper sideband signa
and a denodul ated | ower sideband signal; neans for
wei ghti ng the denodul ated upper sideband signal and

wo 200)f76denodul at ed | ower sideband signal i ch@§ﬂ947®95450
nol se power in the received signal sidebands to
produce a wei ght ed denodul at ed upper sideband si gnal
and a wei ghted denodul ated Tower sideband signal; and
means f i .l Qg | ot @@gp : :
si de barﬁ{ ess?%n%;l "Oéell@gl n% @ &V\gl(gﬂ'ag% rm%lkﬂ %Iwgfdj mld%ﬁ\%g? signals

can somogrisantic sstapm adf, mulihiyingcthe r dermdulatedmgapes sideband signal by a
er

. determ ning the noise,po f. the. ul ated up
weighReatint 6 phibeL R B kPP ] GopfARRte te
weightii¥aétoRy cross-correlating a quadrature conponent of

t he denodul at ed upper sideband signal with the

denodul ated upper sideband signal and

cross-correl ati ng a quadrature conponent of the

denodul ated | ower sideband signal with the

dendubid Sdmb R bodintleRARNuES HNRdthodldf prdcdBiig an AM

.denmodul ators” can further conprise nmeans for
radie) siged! riqliding b oppeoisitlebang pretionodnd: tiowale siichand pertionpprberein

o 30 B A R S g

comporantsof itk radietsegnal by geipited BerdeoR Sighdl t@bbthi @ weighted signal,
| ower si deband S|8nals can

denodul at ed .upper. and \ I I
and IR Sioesialted wgnal irera . cobirp e deviin gebagd igRel ur o
conponent of the denodul ated upper sideband signal
with the denodul at ed upper sideband signal, and nmeans
for cribsaecopianed aithng secofdlagpart WFGhE 9m&ﬁtheiﬁbelﬁfon,t Bfere is

.. denodul ated | ower sideband signal wth the
providele AN Hion cRerprecervbin g AV siEnel opsmsinesmeans for
demochl4tRERE fyjch s obtl PoRorAIREIHE SRRTRANE orPbr & 'EM radio

) denodul at ed upper "si deband si gnal
signal e piadure acdem teds iugptrandebingnsigndamd @od@nddifated dbSer

. i fLi he. dr.at t % th ,
mdebang gﬁ%‘ag:’géde”g Qf‘a}p B%lgﬂ Eﬁ% (rglgea %p%@ﬁ%ﬁ@{&ﬁﬂy ) bgwg stegal and the
demodulatid lopley isitpbantesighil fih @spdnad fR hoise pg@epﬁﬁ treeé'v1£d“ t@iggal
a

i enodul ated upper sideband signal by the denpdu
S‘deb"““‘g‘pf?ei’mé}‘ﬁeﬁamg@% Aemodulaiad tupecieideland grignat esd 2 weighted

demodul@Id' 188t il akd \%ggﬂ?gféiz%g%ng fgﬁoémgjglflgi\%% tt ef\{v%ih ted demodulated

denodul ated | ower Si
upper  sidabauidi| sigeal laodwe thesivdsplaad dergodilatednlov@ip kideand® &fkhal,

. ifting.th uadrature . conponent of the
characteligld. B9\ st o, 1eFah it ncist v eByp Lol cencglated upper
sidebandsighalphyd MBe tddModddted lower sideband signal by 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.
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WD 2004/ 077667 PCTI US2004/ 002549 shifted quadrature
conponent of the denodul ated | ower sideband signal by
the denodul ated | ower sideband signal. The neans for
wei ghti ng the denodul at ed upper and | ower si deband
signals can conprise nmeans for multiplying the
denodul at ed upper sideband signal by a weighting
factor, and nmeans for multipfying the denodul at ed

| oner si deband signal by one mnus the weighting
factor. The exanpl e enbodi nents enconpass receivers
for propigsadnmanRibreMa Rk 'rgé]lﬁle b SdetmiRR the 1Y
recei ving an A?A&Fbadi o ??ﬂggra?di cl lﬁ%ﬁﬁd upper the thse

Powes; o henderprsiviatasnupnetl and lowerr sigetuad ssighals opridroto, weightivg the
demddia tﬂd%iéia%mHgﬁggs si deband portion and the
ower si

eband portiron produce a denodul at ed upper
si debarithe méaps fir dereeminingah® doise:pever! o @8s demodalagddipper and

signal ,, means for weighting the denpdul ated, upper
loweg f‘g‘réb&aﬁ a‘%@@ fidft CouRESe %@a'_ife‘%ﬁ e uttrlatisgerquada@.sanponent
of theidamobulaled PSR AMREBarldOsigtt $hth tBE ok Ratbd ﬁﬁﬁ% SiRband signal,

wei ght ed denodul at ed upper sideband signa
and gpeansh fosgeroseaapalating adqyasiiasvrescataponent off reatimerulhtere Joveer

: . il ' dul at ed i deband
sdobafil o SR AR OB b RSB AR Tover S debana
si gnal The preauder @ross-Oodrdliings it duadrhli€e I RBKIOHEILS of e
de fﬁ{éﬂer cogﬁngsg negps_for singl e sideband filterin
moflyfated Apper gidgband ganal withothe: dempditated) wren gideband pignal can
compﬁh&ﬁ?ﬁﬁ%ﬂ&ﬁffﬁh%ﬂw ﬁﬁﬁrﬁtﬁl‘% cloﬁigﬁgen? bf P aBHoaRld bHer siddiGna
recei vers of the exanple embodi ments can autonati cally

signaky 8% anslefopetiplying the shiftbdbpradragurSBymponepeof the deinadulated
. i DSR t dul at

R e T s

correlatimghihe iqoairatifeQonipetdt iofl 4R deatbduRRE n@@@:*bic[es&diﬁgﬁg WiliNhe

de ggirnanca'mhen the interference in the sidebands is
m°@’j Jowesrsidebang Siguab rpmqomprise-mepng ferekifting the 1quadraure

c ' ' oAMLr adi ' I
o O A G ERLRAT ok 3cind Ay 0 M P r R e
FIG 2 is a schematic representati on of an anal og AM
radi o signal and an adjacent channel IBOC interfering
signal. FIG 3 is a flow diagram-illustrating the
nmet hod of the invention.

'3a




WO 2004/077667 PCT/US2004/002549
FIG 4 is a functional block diagramof an AM
denodul ator that is 11 <constructed in accordance
with the invention. FIG 5 is a functional block

shifterd apdratues Ophweorimwfeth@y derapdidated, dowenrisidabang signal by the

ention. 4 WD 2004/ 077667
dem@%é%%ﬁ%&@e | Gs. 6-9 are graphs show the
per f or Eecmends fohendighingethe , deSiSBulaed Eper kahé ridwek sideband

. _denodul ators wt .adj acent nel feren

signfly an SDrISe Totafot PslRYiEs B ioP AR Ber SHeR SEmal 67 o

weigh@SETHRE, &H%ea‘:ﬁ f&qaﬁmf)}yﬁigeme dbio@NSed IRREQidebartd digRd by
i nventi on. FIG 11 is a functional block diagram of

Onclawuﬁwmhv&factohat is constructed in accordance with
the i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
This invention provides a nethod for a receiver to
automatically select between |ower sideband (LSB),

upper sigehandfUSBbaleo b el dohand (DSB). coherent

10 denDduIatlo nctlon

AM fadiot B RINEBANSs F reddlifh bl AY/ 6 SiB I%fxcll'ichf% oBbper

and USB to obtain the maxi mum audi 0 si ghal-to-no
sidebang pertiomnmyl # doweresidetiand cportita. sneses Horl demotidsting the wpper

T e e ——

signal ardez flemeduised loweh eidsbatid siamels manﬁmia{rezghtﬂih&hé dembdigited

t I, hi dji o SNR und
wopero OB RaA G5d e Frmdilied5aer SHehend sregil 1 Remes o oise
poweb@o Jrodde L feidhnRl ﬁéﬁ@dtﬁ:ﬁed RBAG! sﬂébah@%ﬁ‘xp A a weighted

receivers is mnimal when using this denddul ation

demoglatedh jayes sideband sigoel ynﬁmdmaccunblmegﬁneowg@;ed demodulated

e el e B SBBAY T

output siginmi.schemat i ¢ representati on of an AM radl 0 SI gnal of
interegt 10. 20 that includes an upper sideband 12 and
a | owelheserriyREs gam WQ?HE’G@‘F meany; fge single sideband, filggring the
AM r&i@83hal Hod 18 d@m&%&ﬂ dsHha poitio %ﬁ&‘%%wé’\éldeband
interfering signal hown to finclude an upper
portiorj de band 22, a Iovver SI deband 24, and a carrier 26.
The center frequenci es of the signal of interest and
t he adj acent channel are spaced 10 kHz apart, such
The receivers of the example embodiments can automatically select between lower

sideband (LSB), upper sideband (USB) or double sideband (DSB) coherent demodulation

as a function of the. interference. A maximum ratio combining (MRC) technique can

- approach DSB detection performance when the interference in the sidebands is equal.
BRIEF DESCRIPTION OF THE DRAWINGS

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

adjacent channel analog AM interfering si gnal
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 thie method of the invc_:ntion.

FIG. 4 is a functional block diagram of an J?.M demodulator that is

constructed in accordance with the invention.
¥IG.5is a funcuonal block diagram of the frequency selective combining

technique of the invention.
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that the | ower sideband signal of the interfering
signal overlaps at least a portion of the 25 upper
si deband of the signal of interest. FIG 2 is a

tic representation of an AMradi o signal of
wo 2ffpERR: Szt o

t 28 that includes an upper sideb&
| ower sideband 32 on opposite sides of a carrier
signal 34 in a channel 36. An adjacent channel AM

I n- Band - nnel it erferi j kSp Sh

to include an bﬁ%%@?@ﬁ‘&é’qﬁ%ﬁcﬁ %%}'ggoﬁg%e%r%h%%ge%% a“@?,@B
blersied demodulvtdro with firstadindent dhenmehintdrferends}. The center

frequenc] of the signal, of intere and the adj acent

a1 - Bt5 00 benssanalPlopeegri of e RM ptes it dofgiucied
in aédddddnce wilethe ili@htidphe | ower sideband signal of the

interferi naési gnhal overlaps at |east a portion of the

upper sFH2Hd At Bictionel blegkgiagrary of #mb M reseivershand constructed
: 7 S2004/ 002549 Wil e the exanpl es of
n BARAETIRRD ST

ow adj acent channel interference,
shoul d be DETAMEIYRESCRETIONICF THE BMVENTION useful in

ot her ipterference scenario well., FIG 3 is
1 ow i P ARHOR ST Agmethed R BReeiger fonauomyiealy srfect
betwien 160 Widebaid (LIB), Wppek HishahURIH)i0P Ho@l@é?&@%ﬁﬁi%gﬁsm coherent

nmet hod of processing an AMradi 0 signal.

dempgylation s+ Wpgianeef the inferfesmgs-aFrdieropresompans fopmeighting the
g t T !

s OHE e 05 1538, O R Qe N, RO

descgibghalhis method istgsahonppeximsiniatio oomipsing (MR G nethaiqhowkich

ooy T BB BRaer BesroFR nee OPen b SR Rare TC g oS i fio

The cregaivh | cah eflton@tipAlydahe:va (e istithah QEddPSIR Sidee AR ssible

] i gnal and a denodul ated | ower 10 sideband signal as
mtederBREs Gopdinpsc It g8 alyp be geavaytegihe @dv%%veml@md@%lmﬁ on AM

Vrecetﬁihﬂriélhﬁlﬁﬂlql Whé TR e Ab&datRREnR L e AR ']f?\g%‘ng;%éggggﬁ%)r

us!
en wel ghted 1 n response to nol se ‘power

- emplaying/this deciuiquaiis|desceitied pp srell 25 derbaduhtisn gfithe Aidmalog portion

i dul ated | ower sideband signal as shown
ofa?ﬁb%?%icg)gx_'ﬁ) t he wei ght ed denodul at ed upper
si debaneGsi1gsalscimnthtic heprwehtghdncst MEARDUR! Bhal BFMBerest 10

eband signal are conbjned to 15 produce an out put

that Giclidey mpupperdabarch [ pscalossr sidehendit i @DRSFile fides of a carrier
iend td no : | M iodat sy e
mgn?:lnmeﬁl 4 Blknfid N OMn k&ﬁ]agl\f% %fnérfﬂ@fjAM‘mgerrﬁﬁhg vs\ﬁ??hﬁains shoym to

_ irst consider the A y scenario in
inclugie pvapppst sidatband sX2, iasloweb sidehhand R4; mbéraf earderc26. BEheacenter

freql(f:eﬁglg%gﬁ tﬁ@@fgrleag ?ff/ilsil.‘eéefgf a{ngﬁfl(é %Aﬁgﬁltfc&}{rn}fﬁar}e gl%icgcf ﬁﬂt(Hz 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 inferest 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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is defined as: 20 s(t) =[1 + na(t)] ~-,r2 cos(2t f~
t) where ff is the carrier frequency, and m(t) is a
real anal og (audio) baseband signal |limted to 1 The

e of m(t) is typically held to about
woz}{(ﬁv\z—%n{:han the carrier conponent (wth tPﬁ:érmgéqoiup(g?w

normalized to unity for convenience) due to audio
processing 25 at the transmtter. This nodul ation

d | i dleb . B [ | .1 .
o e RN P § SR
ShO?l’dl lglrmgmaedihdm glsns dgrvail( Luscuﬂ’hesefni(l]I gnaher 1ﬁt&ﬁrbtd:g S%eaaﬂads\(muﬁsvgl
requen eba nd an er_ sj deban
Pr eg ent c'i:éf(l-i"r ga‘ﬂé‘ %“ élf H%tl%g TF’) gn%‘&ﬁ’d?ﬁ the pmyptign.” As

show@ e FI.3) thhd 11‘K'H¥hon reﬁ&hﬁﬁﬁhs@ﬂ a R1idd WP Proc 3@ lan |40 ?adtn{] iiglgﬂ.

20 kHz bandwi dt h. time domal n versions of
Thq mmention m@sStpghmodulatrcm ofhoth eel AMignlyasighalishy the analog AM
: a C obt .
port e S°E ML IROC TS R ) 96 B E Bl AR rdio
sigrii hrkmhxdungTaraupliem rsideband qiony alden lowdresdebind o mﬁh Gh¥\up

BTSN TR N TN R

denftidiieits Proinedh Gérﬁ&luldt&}? ﬁ[g)\éﬁ SidéBand s%ﬁ AVind& Rni¥RAERd 10er

tr acki the fre uenc phase of the main carrier.

sidebcksigaal g ghepyny - Freodoprodslaterldonersidebans gl ynd the

deni’éﬁhlﬁf&d'%pelalsiﬁébaﬂ@ﬂgtg%eﬂe t enr %‘éi%ﬁéh%'r%%o@é@qtovﬁ&s% ?&veg'fto
carrier w el ver coheren

- produse ¢ weighwd rsthotleltted upher snmbemd/ exgn&ll apdad wejghted demodulated

LRl yi th d . '
towliefnd s’ B oS R Rk S T8 s doRaalHgS wgper
sideparidsigel tahe thedweighish @Eﬁdd&ﬁé&hﬁmﬂ sfdeBatAl sigda( boe- combined to

5%— cos(2nf"’ t+0(t2bg?§(t -1}pf, where r(t) = s(t) +
Pm‘i'r‘c? wptsignal a6 gowig dfreous phase tracking error,

n (t) ' ?h@ﬁfeﬁlgd 3f e%vehﬂ&?%&cnel{owlﬁe?des&d‘med(?n Fl%ai! pi—"lrst

subscript inplies lowass Tilterin the resu
congidamthveeA Mianly sonsariodd uﬂmc@rerMfsrmaiLd tgrestis subject to intdifence

by a second AM signal, for example from an adjacent channel. The typical AM signal s(z)

is defined as:
5(6) =1+ m()}-+2 -cos2z - f, - 1)

where f, is the carrier frequency, and m(f) is a real analog (audio) baseband signal

~ limited to 1.

The variance of m(t) is typically held to about 12 dB lower than the carrier

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 Jess than 10 kHz, resulting in 2 DSB signal less
than 20 kHz bandwidth.

The time domain versions of these LSB and USB signals are labeled Ish
and ush, respectively. The sideband signals can be obtained from the (corrupted) original
signal through a Hilbert Transform, or equivalent, resulting in:



10

15

20

mt) = {[cos(Q(t)) +cos(4)c f~ t+0(t))] [n(t)+1]
-1+-F2 n'(t) cos(2z f~ t+Qt)}pf when the phase
error (t) is small the result can be approxi mated by:

= nz(t) +-fi 27¢ ff t + O(t ' (t) th
WO’@%'}‘%% 722&(%) + In(t;:?s\(/\he(r:e n(t) incl l(Jd)e)s"Céqusz‘f“Nh“”“”en

noise - like terns. 15 It is also assuned that the
noi se terns due to the phase-tracking error 0O(t) are

smal ler th . chanpel noi se such n(t as
var mga:?%%?gm ?i{gnt ladd JUBBL £y = ‘ﬁ‘gﬁgf)n( )>,Pcvvhi ch
i s usual | yl the atbawise Ther ef ore any (le®yr addeivdse i s
dom nate the additive noise and interference

wi t hi n thECEIE FReptyeR BT MiOwidrea Begnsalor tacking e dequency and
h4se BEMe MainSRisle Ppsiuk abd &gé\» NN toh i
P accaonpl iaéhed %?t er giﬁ%dglﬁgd 0 @f%@ﬁ%é&?‘%ﬁpﬁﬁk}“’f‘ﬁa 15
alsg degigned | igFeapate)IB avin vdrsion of dhey pdinstatial withinahe oapivex A

ol oL A BB 53 BEuBRBuA o
the=reogived sighal ), (thanfenalrdnv;agztﬂﬁ E‘f tc)ohfpﬁl%atn)t %ﬁﬁ{)) }(ot+i)p§oduce the
n % n = e{n

de“-g‘iwbﬁeﬁg‘ﬂ#yﬂ[]ﬁ%@t)h +Re{n(t)}h +In{n(t)}] [Isb(t)

= t), o | h (t) = {) +R t +i I t - -

[ Y RORRB OGR4 7R (O Ly phers. s ORat 1)

+l t))h -i 1. tYh +R t h -1 t wh
9] o b Bnoghe s FORKRE SR, 41 ot TREisHkTcore, e the
of S ol GO RIAERr U, LI 51000 LA R
frequenpyattfacty Men2004/ 077667 PCTI US2004/ 002549 nu: b
() ER t)y+i ., (t)}= mt)+R t)}-l t)Y}h i b(t
RPN 1+ VBRI gt a0},

receiver needs to conpute only the real part of the
whegthehasrpreor ¢ issmalksthe regwdt ¢an)oe apmReintatediby: | m{r (t) }h

msb (t) = Re{rLt)}+ In{r(t) }h 5 The si debands can be
conbi ’%@LEM@ME'%S(RM-LW(&@DW@) ent DSB

d AP m e i _Aiké:
n(eg?fﬂégl{ﬁﬁi((?% Pk, wheFRd) idchobedal e ik terms.

It is also assumed that the noise terms due to the phase-tracking error ()

are smaller than the channel noise such that n(2) has variance not si gnificantly greater than
n(t), which is usually the case. Therefore any degradation is dominated by the additive
noise and interference within the passband around the signal of interest.

Coherent SSB demodulation can be similarly accomplished after single
sideband (SSB) filtering of the LSB or USB of the received signal. The complex upper or
lower sidebands can be obtained through Hilbert transformation of the received signal.

usb(t) =rit)+i-r, ()
=m(t)+Re{n()} +i-Infn()} +i- [m(s), + Re{n(r)}, +i-Im{n()}, ]
=m(t) +Re{n(t)} ~Im(n(t)},, +i-m(@); +Re{n()}, + Im{n(z)}]
Isbty=r(t)~i-5 @)
=m(t) + Re{n(®)} +i - Im{n(t)} —i-[m(r), +Re{n(r) }, +i-Im{n()}, ]
=m(t)+Re{n(t)} +Im(n(t)}, —i-[m(), + Re{n(®)}, ~ In{n()}]
where the subscript & denotes the Hilbert Transform of the signal. The recovered USB or
LSB signal estimates of m(z) are the real part of the complex sideband signals.
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It is of particular interest here when n(t) is not
symmetric about the carrier frequency, and affects
one sideband nore than the other. This is often the
th 10 adjacent channel |nterferen Eir

Oz@%ﬁgﬁé\’er the case of an anal og AM si gnal gﬁ smogﬁo&gy
The receiver wll weight the denodul ated LSB and USB
signals before summing themto formthe audio output.

The maxi numau the LSB
and USB in iy gjp F?{\Im#fd E:E‘GXSQ%{&%&% %P . The
wei ght s are"f,,;(r)tmﬁe{r@b‘rm[ﬂ) (s tBb{n(D bt Imwér) sum 15 of
t he wei &,Ets i S .one. Assumn t he signal power is the

sane f or ELRTCE VI MedsdO C? e PRy the 1rglipgrt @fithe sifsbagidisignals
ag: are inversely proportional to the estl mat ed noi se

power in each sideband. Let: on _"~b , be the

vari ance of the noi %b&hdﬁelﬁ(@}ﬂm{em}g in the USB 6n

eb, be the variance; ofs 1. interference in
the LSB If a weight %d’f’{% ﬁ@{r gﬁsjﬁ‘éﬁﬁﬁb the LSB, then a

wei ght  ohe lsidebaMiBt che b%plabﬂnﬁﬂed OredullgUDB e ecﬁl@valent DSB
mai ntain a constant signal gain over the range.
demog@latitideband combi ning takes the form n(t) b(t)
mub (t) + (1 - b(t))n -r-}ﬁQ) The optirrumvalue of
b(t) can be founidps r=10f) £ Re{nrdy i ance of the
interference plus noise on each SI deband It is

assunedptifigt %a}t'ihﬁlapﬁ%réét BB wHEﬁtn} t) HialwiPQ it o arrier

25 each sid The signal power o ne co

- ﬁeqsﬁm&bmﬁfdafﬁe@meqtdebmmmo:eh@mn d‘ees@th%rn dThis i pftenr éno:ese with

adjae&‘ﬁ@ﬁan]hélnﬁt&?%gn&hr ough the expectation E and tenporary

dependence on tinme. For conveni ence of
not at i oFirst @ohMde? @dA¢0e 36 Gry a(Tg WHP Bigdd1 @D 25tdi3st. The receiver

- will %%el%}éheﬁi?%\,@t lésféB (aB tﬂ#{?b quﬂ%g% Q;er%mrlgnE;gl?m to form the

audip Gtpus DPhermBimufiDRidis SNR is adileved B9 weidling %ﬁZLS-'ﬁ‘ QnCPG’S’B lin

of signal nt is S, which is constant.” To find
proppgiondo Bieirindirifedh SHiRai he weighth are fihes sommsiized &ugh ﬂ)@h@e sum

o 901 6 T PR T e

individipl Megghth ere 2befalyusibpdiGonal & 2the Xstnated hidis® power in each
sideband. Let:

02 > bethe variance of the noise and interference in the USB

O ., be the 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:
() = D) - iy, (1) + (1~ D)) - 1y, (2)

The optimum value of b(z) 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 teraporary removal of the

dependence on time. For convenience of notation:
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2 b=n_tsb 22 6" usb +a,-bb 5 Therefore the audio
output with the maxi mum SNR under the filter
constraints is then approximted by: nt(t)=b-in

woz\%{é‘l}%ﬁ_} b)"yb(t) =Re{r(t)}+(1-2b)In{r(t) t}{q§g005002349

ing factor b depends upon estimati
vari ance of the noise and/or interference in each
sideband (interference will include noise for this

di scussi o). .5, 1 t woul e,virtual i npossible to
esti mate ?‘%{ ’ '"%gi’f[@r”*é’mg & byFer gl bi%band
i ndependent |y sig gzhﬁ, |2q1,%r2fﬁgem<;,§1;4§,{ib2}

weve

i ndi sti ngui shabl

expl oi tation Gfsé-cbrwég'pnsoﬁéntme 2ob-whg Dﬁa,ﬁodul ation

enabl e? a nethod of estinmation. The ideal DSB audi o
The;poyres of signal 1 ip Sswhigh i canstant.- BmEnd theivglua lof & wiish minimizes the

r n
nolgESaRp A B Lo f AR A Eere, A ol U S0 ST
conponent A i otih the in S and quadr,at ure
di mensi onsg_b{ﬂﬁﬁ e[h'haﬂ fr & @i'sbqﬁg gl%t.lézr'f'gﬁ.@(? gl0can be
observed in tf&% % ature co onent pf the received
signal, while eﬂgf her T3te 152 @nsealed within the

i n- phase conmponent aI ong vg.thz m(t). The quadrature

conponent of the noi ¢& ot sufficient to

determi ne the |evel offimtéd.asence on each si deband.
Th’_%} stﬁ ‘E uadrature conmponent can be 20

TFOE L0 gRdie oyt EHW\l/ﬁltﬂPP BaERpug) aNBayndes the Jiligr penstraiats| iy then
appfidted ;e the rel ative ampunt of contam nation of each

si deban These cross-correl ati ons can be estinated

thlrgugh nult:cpﬁﬁt):ahm(n)m(lt—lm fij,® donmmin of the )

~Hilbert Transformyo adr af. nponent Wt

each si deband, thenﬁf{tr&gép@ ?ﬁ%ﬁqgﬁt he results over
a suffiqhe %igﬁtlﬁf,ﬂfa&oi' b%%énas uﬁcﬁi ésiBlafing 148 vhrpkca Bf tﬂc’%ise

poss-correlation with e quadrature interference.

a“d/%ﬁ ftsrference an pagh sidshanddingsfesance milkinclusapmaiss fori thnsehscuasm)
B g, mbesife) I BEAE B biRRs o, SEP Aot
independouthc since dias injerfrade i9 1%&@&4%:&167&6&’1 the Slgnal However,
exclpiutio 4 P PRate of M at% bbb edbles avivdipdna voation.
The ideal DSB audio signal m(#) 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 1.SB and USB cross-correlation with the quadrature interference. An infinite
impulse response (1IR) 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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interference accordingly. The conponent Infn(t)Jh is
al ready conputed in the USB or LSB denodul ati on
process. The cross-correlations for the USB and LSB

represented as: 5 vn b(t-r)={

wo 2&;@@%{%& r((t) IR P tin PCT/US2004/002549
rsb(t-r)={ms6(t)In{r(t)}h}1Pf The results of these
correl ations can be anal yzed using statisti cal

Il EORETHHA s ST ERG: Rransd BPSSE PERoUADp gy transtorms i
inteE§1(e!1<Te{ acl}:dsrdmglzae é Tie) cdgfﬁoﬁe}zﬂﬂ I&El{n;ﬁ}h is E}r%?:}r?hmlh}eh?ﬂrx] the?USB tor
[ rly, n_rshb = 2 +E{Re{n n e
LSE empduitloc iopess Fb%tcr%ﬁ%?&%ﬁ%n%ifafe% &J}S&’a end LoBocan be
repiethRi b@r ence on the other, then the 10 expectation
E{Re{n} ImMn)h } is equal to 2 with sign depending
on whet her t he &jqj, e )=~ 6, EhEm{rEB}, gy, USB,

respectively. If the noise [s equal]y distributed on
both si debands,G:_ria(if“fbﬁ&’&rbﬁillg’({%ﬁ),}h hen

The b A 100 (IRRas Fim Gt Es R o Spsctiton instead of

depéifd@@o‘éu?@{ﬁlﬁémtéﬁ{%resul ts are statistically
proportional to the_ variance, or power, of the

interfer encle cit',h,beaEﬁ&?LMa}rdlm{ﬁﬂa,grmehﬁ, t he
cross-correl ations a ifn the

det erminati on of ;fﬁg nf"g'ﬁl ﬁl}‘?“g”t} r b(t). Q rs6 (t
- r) b(t) 6n_!sbh &f + .6 b (t - r) Atine

del ay can be inse“rTzéaq{]?\g{('h'émgT’gzal pat h before

wei ghting to conp ssﬂﬁj%%l&or the delay of the filter
used to conmpute b "receiver uses tine averaging

to estimate t i 0j §e terns to conpute
b(t). 20 The ‘;‘Jﬁve‘nﬁérafﬁg%ﬂﬁiﬁ?g"iazp| icable to
denodul ation of hybrid | BOC DAB signals. The

If thyjipterigrance ds peetlicayonersidehandr with reprmiqResnse an thethsg then the
denodul ation is the additipn of the quadrature

expeoQiiph EHROGA I (5 Besequhias & %h( twithbiiehedepbiitin gamaliRher the noise

signal. These
is on the LSB or USB, respectively. If the noise is equally distributed on both sidebands,

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

the Hilbert Transform. These cross-correlation results are statistically proportionat 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).

c’:‘r:_ wE—7)

bt)y=— -
w i E—T)+ 6 :_kb (t-17)

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

The invention is also applicable to demodulation of hybrid TBOC DAB
signals. The difference between the hybrid IBOC DAB and analog demodulation is the
addition of the quadrature complementary subcarriers d(#) 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




subcarriers have no real conponent and nust be treated
differently than noise or interference. The USB and
LSB signals for the hybrid DAB scenario are: 10 WD
wozﬁq/@f‘/&??%? PCT/ US2004/ 002549 .b(t) = Rﬁ%r %%L%H rh
m(t)+Re{n(t)}-Im{n(t)}h - dh(t) [ {{UF2024/002549
Re{r(t) - i rh (t)}= rr(t)+Re{n(t)}+|rr{n(t) }k +dh(t)
Combi ni ng the USB and LSB wei ghted by b and 1-b,

L CIP oG thy O LReHTY zg(ﬂﬁ?&%&%% ey, - 4
ln{n(t t{r)ﬂeﬁe{r@ by, () m(ﬂ)%Re{Il(ﬂH'hﬁ{nIt})}a*dhﬂﬂ 2 b)

r(t)ib For Si rrpllc:lt we define the new termc(t)

Conggmngthe wel gl’tt?ije‘ﬁ’ lrﬂqd)l-b- rﬁ@?qﬁ(vpl)q yieldg:(t)
Lm{r(t)} Azfo f t@e ressi on shows that the
t he coherent DSB

denndula ed

denodul at edm@gga{n(%f dt3p)- Itﬂlﬁ'dﬁ}ﬁh Bt1228) <, &n
i nterf £ the sideband
i nter eremgeﬁ?meq b)chﬁgg E e si deban

i mbal ance | n{ wei ght y c(t). Sone properties
For sifnpli¢ity) weadefind éraeiwhiath c(jext . Separate the noise into

LSB and USB conp =n,,, (t) +7busb (t)
5 Then n(t) Re{r(tﬁ(?rf} (r:%?’f)l'?r{ %’f"; . or equivalently,
nt) n(t) + Redfuthb Re{r(e) o) Iﬂn{r((ﬁ))n) + Im{n,,.b (1)
+n, ub t) 15 Let x(a}uhand represent the real

Thissferm of e ¢p @S%w o thtdheg dem ia}ed quiRis sterts Wiy the Toherent

I
DSH Eﬁﬂg‘{%‘% i ﬁgﬁﬁjfbert ran ﬂx‘%‘éﬁe%en@é CoRPBAS GELed By

the ﬂ*ﬂﬁbmﬂ) lﬂb@lal)ceﬂm{t(t)h wejghtaddbyrn(is bsame:m(opgmesmﬁ cm a@QleTdribed
next’ )§Q§arasc§ Jrhg rr]101fsg {ntdaf.,sﬁ tal)nd USB & baln%Lt(se nt to M}

10
n(t) = ny, () +1,, @)
Then

() =Re{r(t)} —c(®)-Im{r®}, ; or equivalently,
i) = m(t) + Refn, () + n,, (1)} + Im{n,, () +n,, (O},
15
Let x(t) and y(t) represent the real parts of the ng(r) and n,g(2), respectively. Then the

single sideband noise components are expressed as functions of the Hilbert Transforms:

Hyy (t) = X(t) —i- x(‘t)h : and nusb(t) = y(t) —i- y(t)h
20
The expression for 7(t) is equivalent to:

Eﬁlz—-xz}
Ey -2-x-y+2*}
2 2

=m(t) + x(f) + y(t)—=[y(t) — x())- z; - o,
b

#(t) = m{t) + x(2) + y(@) —[y(t) - x()]-

o,
where
2 —g?
c(t z
©= -s-o’
It has been shown that c(t) yields the minimum noise. Furthermore it is clear that -1 < ¢ft)
< 1, ¢t} =1 when the noise is entirely in the USB, c(t) =1 when the noise is entirely in the

25 USB, and ¢f?) =0 when the noise in the LSB equals the poise in the USB.

11
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(t)=rn(t)+x(t)+Y(t)-[Y(t)-x(t)] 22x y+x2 = n(t) +
x(t)+ y(t) - [y(t) -x(t)] v2 + 62 Y Y where 2 2
C(t) _aY -6Y 6y +6y It has been shown that c(t)

wo i % s_the mninumnoise. Furthernore it is clear that
OOZ768T 1) < 1, c(t) =1 when the noise i LIHPIANR5,
the USB, c(t) =-1 when the noise is entirely in the
25 USB, and c(t) =0 when the noise in the LSB equals

t he noi SB. .11 004/ 077664 . .

et Us2ogrBoaiiogs O a2ty 6 e sompingd gl and
tempoyseily drbpriilgethe aegehdenck spopniade, yieldd t enporarily droppi ng

t he dependence upon tine yields:

E( ) =E( [ nt +RElpATY =t ﬁ}m{nddh}l;m{n}germvr;,,]%é the signal
power mt) leaves only the noise-like terns which
R"la?‘@ng &hebegnas PRYVEG i 1) leam poly theppise-Jike- tammreayhigh efp#ezbe
mrﬁ,ﬁ{fganﬂ{n}m }+ E{d, }j- 2 ¢ ERe{n} Im{nth} =22
1 22 +6al- Zc E{ Re{ ni-ln{n} h} The val ue of c

V{6 pli- Byt heE ahp)b \AoEEnGaLf 4 b on. i EReowndnpy, }

settlngthedrlv j; the noi se” expression to

zero, then _36 0 Ofno_,[ ﬁﬁ%ﬂ%ﬁ%ﬁ}h

c2[ g 1n{n}h7}2+ t 122 ¢
{c2[Ei I M{n}hy}+E{~1, 2, 1- cZE{Re{n}In{n}h -c}=0

The- hieR( {c| dlding ﬂ?e-mﬁ{‘un@um- ﬁﬁ?é@r{nn%[bugm{ m}<fh1}mtbgl E{tir;igthé} crl]eri:\Lfgtive
c m
Oft‘f{?gig°1;ee"x?‘i?%st‘%é%{ éF?E’ei"mh?%f’ﬁfh} =0, which implies that
the d | at th
var izl ot EG2Tus et st o
denodul ag Sl nce the anal og signal, the

i nt erfer-elﬁé&{(hapq )’}:e}g@@%deaz lg{gem}mﬂ{a}k}sukar riers

are
—c2: [E{(Im{u}h)‘}+ E{dh H+2 E{Re{n}-Im{n}, }=0
__ E{Re{n)-Im{n},}
E{(Im{n}fz)z}"' E{ﬁ}
Notice that when E{Re{n}-Im{r}, }=0, which implies that the USB and LSB noise is

where —-1<c¢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 expectaﬁon in the numerator of the last expression can be replaced by:
E{Re{n}-Im{n}, }= E{Re{r}-Tm{r}, }

while the expectations in the denominator can be replaced with:

E{tm(n), } 1+ £ 1= E{min), ¥}

Therefore the method to compute ¢ becomes:
_ EfRe(r} - Im{r}, }

E{fm{r} }

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

expectations in a practical implementation.
Re(r@)}-Im{r()}, 1,
c(t)y= 5
E{im{r®)}

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

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

12
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uncorrel ated, the expectation in the nunmerator of the
| ast expression can be replaced by: E{Re{n} In{n}h }=
E{Re{r} ImM{r}h } 15 while the expectations in the
nom nat or can be replaced wth: E{(In&(%h?“ E{ d2
WOZ}’M@ﬂn{r}h Y} Therefore the method tdCIBIFH#E02849
becones: = E{Re{r}-Im{r}h} CE {r}2 Since the
interference changes over tinme, |owpass filtering is

he 20
co HERERERY 5100 SurheRBor 1 I SIS RIOEB b a4 iisaite

mt%rl("ﬁt?cj):nggﬁm%ﬂe%)ﬁ% oﬁc sidebiang” kg Pa%u&‘f §}#{§SP oft :E(gr cgf) ?{{Flfe modified

ren e I's S
as:short-term estimates of the cross- correl atlon are 12

WD 2004/ 077667 0 2549 contam nated b
ro(t). Fy m r{g‘??(ﬂsﬁ“&és/}h &i&,s;l&%tt &qto %/orce
c(t) = en tE {ﬁ(f)} f+e1Pencé om na n one
Si deb T r n for c(t .can be
i det hfocg’"f?{i‘& akori2 qusoﬁﬂio r?tlsqamp S

imte =
for Hybr}? %Hgml‘? rogl%ﬁgﬁé (#o‘%]é in%l og légcr%?rlg%@n:%%g M
adapuvacme@hati sidebaid dinaginlatora$ shéven fre@HG.f 4r iarHG. 4, a signal is
r an. AM adgpti ve wei ghted si

reciSRl it it o e ipfert o et er) FHI%E‘?‘G““&S dlﬁlsg?ta%hy blogks

56 HIRICES. VB red sighil@opomitlcel delaysd & sheah b?'&ﬂ)ck L6 Eh?x’cea
conponents_as_illustrated by blocks 56 and 58

delgyed sigaplgalinec @y Allvert Lasnstoamran By deken of mmg@grywmkas
shoff bSr‘Bl&k ¢4 %ﬂgro@.xg zllk i eﬁ't %gﬁl onfhe 66 n?h@&ana‘f% dil ngﬁ)é and

Transform ca i magl nary sl
66 arh yomdd tby:abulete& RAC(t-0) factodexcshowntby sk @l mifthe siagefarimedsignal
.in nals, on |ines and. 66 _ar
on J& ‘faatbséu’ifefr?é sgectad to ap gpgigral géa%mnﬁwwqus@%@ed mixed
withl e Q- Béter memxed 2Nak theor@sdlﬁﬂges@a@l &@Hnebﬁl i %ﬂ'nﬂﬁéd w1th the

subj ected to an optional delay as shown by bl ock
realzaeEnpancoé @t summation peinC{6 te plodhcecanovutput signalemn Hi 'Zsﬁndl‘hdneal

on lLine .74 ned wi.th the
confeit kB SpRAR0 P obibRe thiche BB 3h Pt Bupelhs' it Hin
the sipg ah liog74.i ne 78. The r eal |
It is assumed that the received signal 7(2) is phase-synchronized with the

AM carrier such that the real and imaginary components of r(z) can be separated at
baseband. The delay ¢/ is inserted because the Hilbert Transform filter incurs a delay to
make it causal. The optional v2 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:

6o = E{*}~ E{m”)

= E{Re(n}} }+ * - [E{imin), ¥ b B2 -2+ c- ERe (n) - Imin}, }
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15 conponent can be subjected to an optional further
delay 80 prior to being conbined with the signal on
line 74. It is assumed that the received signal r(t)
IS Qhase-synchroni zed with the AMcarrier such that
WO {71680 and i magi nary conponents of r(t)PCTEF2494/002549
separated at baseband. The delay al is inserted
because the Hilbert Transformfilter incurs a delay to

20 make, jt causal. The optional r2 delay better agligns
the sigridls BPFH Pmebe &P a1 scpgRElETor, da?"é"&f%‘ﬁ%d‘%“a]-

BN B M B DL ST el
1 AT AN B B
P 5 intorbuBy RERA i b a2 totfin Bl S By

be ép%rdxﬁlﬁat&?ﬁﬁéﬂl E’{iﬁéﬁ 00 Wk Hprachibfl Wty Hag n8f bdeR Vi8S toSdshffte
the signal can bé further processed to reduce the

- E{Bhn R Pudle. U4 fRPURR iSRRG e Bk buhgioRaBlvi5h BE bkelto

bandti‘dt h can be reéduced as e noi se becones i gher.
uppéisouad fHeQfise O tHdeHyb @ dask O IThish®ideQ averatingiet iM GieIB b8 case
. &\+1 =E{yn2}-E nﬂu% E{(Re{n} 7} +c2[ E{ ~| n’%hn} h7} +E{ d,
sincg fherg ﬁ}#aa%lna qartierolRe) dpgHReLERIE fy the real component of the
T % e Of f PEOAhel s e MR Rl ntprfronee
donjinat€, Bowkves, vRef ©}i¥ close & 1and, thy quadidtwre tdigitak subasrribenoise is

* caniafiBg S eodptent i R0 dng e 2o i oet A v

. (0] A . . . e
oA eI i o A0 SoRiReiel T Rty g
is imvokederly wheuithe dstinmielsintenfetence Bfrpdnaiem oherf thy qrhdratere digital
subd fei rnsit approxi mati on, the noi se expressi on above can
BELLEt o upper bound the noise in the hybrid case.

Thi s noFgthet Sinpy@emsht Bat 6@ andib NSNRYBin heCactevedi tesugh
the quadrature digital subcarrier noise dges not exist
freqpency leqtivg copbiningneinthe J7S1 11ad LByridebandih e Rineh govey gpectral

d SB i i i ' i
o D B 8 HHETor e Echofal o MU Cyactho B0o biifivid, o
frequancy-seledtive qerachiningireoulli geaxahize utbe aPNRepvaroimaliples frequency

cel i.n Lhe denpdul.ated.out put th and. the. .
s SRHEEM gl b AETRAN B ORRH Mbdy i D
emplrgrthe ptopérienof dvadiatifain@ror, filtehd @QNMIFY €THe properp&f QMPFs is that

incogqufntial_if the bandwidth |[im¢ting, . .
the sum of these filters, having overlapping frequency subbands, combine to result in a flat
response over the audio bandwidth,
The sideband combining method described here is simply applied over each
subband of 7() over a bank of QMFs comprising the maximum desired audio bandwidth.

Specifically,
r®) =Y Re(r)}+ Inf )]

o iy o ) Tl )}
QMFn h E{[DJ.{TQMFH (t) }2 -tpf
m(t) = Re{r(t)}— E Comm (2} Iln{rQMFn (t):t
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is invoked only when the estimated interference
dom nates over the quadrature digital subcarrier
noi se. 15 Further inprovenent on the audi o SNR can be
achi eved through frequency-selective conbining of the
‘WOZQE@ 8Md LSB si debands. Since power spectﬁgﬂﬂmﬁgﬁgpﬁ§
(PSD) of the interference is generally not uniform
over the audi o bandwi dth, the frequency-selective

i T o AL, R 16 B e g

QMO fitepr dhéCh hvakiBy Bp@g,;,org(r)a&’e Icemgute@l chelfr £4eh 2ot tﬁé’n the
t he propertles of ature mrror filters (QVF).
combiningsis hplisd foygagh F!g’bmdat'fhetm@e dnupAch combiaed sibbandedas, also be

estifAgil f&a&‘f@f nBRRY Q&l@%@ﬂggﬁé{ of Hﬁ? e?§(’) o?'zgaﬁgewbg%d for a

result 1nafla g over

hybﬁhsgmldéhﬂm@t)conbl ni ng met hod described here is sinply
appl,i ed over each gpsubban r(t) ver a bank of QVFs
COIﬁamsu ng(lﬂ'ﬁgmﬂaﬁ ég! ﬁé’dcﬁﬁd Slanel bt hﬂ"b&m }:21.6
Speci fi r(t) [Rer t)}+ In{rrEn(A n / 1
{Re{r Fn% %qpﬁq_quyq er ougm@anmumg)as afunctxon of the

estuﬁﬁt)@c% hibics )x} 3aoh fubbnl) For BRAM E)tiles BWWH%%@ b ertor F% by

14 WO 2004/ 077667 P
suppressing thephigi@wireqiandy Q2ffeentptisin thh eombiginglprocssspsadiesstiad of

?ggleﬁ {9 the nth QW filter. Hence n val ues of
ﬂle]?%@FfFf are’conmput ed, one for each subband, then the
conblnlg |ed1@ge ise in

each coj a?%ﬁ'ﬁﬁf(}( % @thtn{ gg' (exact

for an |deal anal 0g- onIy Si gnall of interest (SA), or
an upper bound f m@,w of interest).
BMFN+1 = (1 +cQVFn)' E{ ( Fi@esnmipmid 2- ¢, ,,,,,,
- BlRig 1. FRtdthe " UndeYof fieRbibe duppRSsicOuRQioRh 76t thénth ﬁ%ﬁtﬁﬁ

further through bandlimting as a function of the
A fupstidnabdiegtan if 3 frequeyRubishd 2aEbining tecdXRAIP is&hbRE in FIG. 5.

In F?C? n5d IaI signtall . 8 is ?er(]:eleeed {E)ne]rn];eoig{gn% ;?a)ésed through a plurality of bandpass
filter pairs 84, 86, and 88 to produce a plurality of filtered signals on line 90, 92 and 94.
The filtered signals are demodulated as illustrated by demodulators 96, 98 and 100 and the
demodulated signals on lines 102, 104 and 106 are summed to produce an output signal on
line 108.

FIGs. 6-9 show the AM demodulator performance under 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(f) 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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suppressi ng the higher frequency QW outputs in the
conbi ni ng process as a function of 10 t he noi se. For

exanple, {r lil(t) = Jf (6QVFNn. N+7 ~' ~R0 COhlFn (t)}

wozﬁ% rEn (t) Tr{ro, NF (t)} ~ fi nz1l (1‘ n. N+1

G%EQWENn. N+1 where gQnF~ sets the" knee“C 240¢{@02549
noi se suppression function for the nth subband. A
functional .di agram of the frequency subband conbi ni ng

plob A Yk S O oPests i bl o Aenifcanty

outpﬂﬂmat iheythefs dazaml@mge offihteifetndedévels. 84, 86, and 88 to
produceFil plurality of filtered signals on |ine 90, 92
and 94. FIG- ds m; fungtiogdl Wogk diagragy 6f o rMurcssiear HY that is

conhtkdctéﬁtlﬁ abRaRoe w@ﬁpﬁ’@ iﬁv@ﬁtﬁfns 98, 6&%\9 ?adgrﬂq%ﬂapﬂ f%c%ﬂreﬁ B antenna

denodul ated signals on lines 1
1125 ufrfisent tepd mlrceiu d &4, zpongorcied tin sapgn@ncm with| welbkddén teBhiedogy

M dulator neun r.,var.i o
i e Bt e ARG o el R e DA ERAF S ke i
local bscﬂ]&totf IIBhﬁ nixez 100 toaptddh(@e ah mah.edlat%&reqm&c? sigh#&l on line 122.
hori zo axes are the ratlgltof the desired signal to

The; ppterme te Eraqueney signpl & fhepchiltered b fikpre 124 ond Raserd to a
dexﬂoﬁ@[ato{“ hrgiie ﬁfoc&%ésftﬁé E’i@ﬁ‘aﬁ‘?n QbcofimB ik M c? dbabe descn}?tlon and

denodul at or, USB dermodul ator, a LSB nmodul at o
prociiges am@umub pra@@opmvl;neg h2%d T@pd@uamlgammhau be amplified by

actor c(t) is
aml‘“ﬁéﬁ A paskiPotfppLlodeg T30S MA@ O B G
plots tFEG. pHrIL‘ (arblmkcrba@a‘né aﬁaa:ln:ﬁd) @@eﬁ&i MOSdagitﬂédoDﬁerfonning
i.nt er est anal o irst adj acent
the bl pFkasine i aetordanss Bih hifBsaaror THeobb Senghis tegeed on
antehiy '1421. Bi ﬁﬂ%ias@@esé&c@ R 124 %'a@@s el ﬁecfdeﬁc?t bzﬁﬂl SCRMrest,

interferer. FIG plots the performance

inclyding Big-dssired sigmal o fraquensy dn dntogicets|the fage sigaalj @&enzf.f (for a

o BEOAE o Al (AL ELERIEDS Bl WiEin

Theiampéifite signal iF hixedlis W IAG 4%i077 664l ﬁﬁﬂhﬂdﬁﬁ@ﬁﬂ/f@&ﬁﬁﬁﬁd on

ine 555 oS R, W SRR 5 M B ea .-

o) bigRalé BAYHNO N1 58Nt RitrRAEARNE Sfrdo@¥RIySfilter 156 passes the intermediate
- frequency signal fir and attenuates frequencies outside of the bandwidth of the modulated

signal of interest. An analog-to-digital converter 158 operates using a clock signal f; to
produce digital samples on line 160 at a rate f;, Digital down converter 162 frequency

shifts, filters and decimates the signal to produce lower sample rate in-phase and

. quadrature signals on lines 164 and 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 1.SB, 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
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FIG 10 is a functional block diagramof an AM
receiver 110 that is constructed in accordance with
the invention. The AMradi o signal is received on
antenna 5 112. A front end circuit 114, constructed
WO 2{0%%6¢r dance with wel | known technol ogy PCT{USI0&062648
antenna signal and produces a signal on line 116 that
is mxed with a signal from local oscillator 118 in

0,2 o, pr.oduce an. i nternediate frequency signa
varBl8F o8 by e YekseR mafiGh e 8 i g haiaring Hom the
inveinion & idefidesithe %dnhéd&ﬂaiﬂaaﬂ and passed to a

denodul at or 126 ? at processes the signal in

accordance with the above description and 10 produces
an out put 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 di agram of a radi o receiver 140 capabl e of

performng the signal processing in accordance wth

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 inage signa

at ff - 2ff (for a |low 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 f10 supplied on |Iline

150 by a tunable local oscillator 152. This creates

sum (ff + fi,) and difference (ff - fio) signals on

line 154. Internmedi ate frequency filter 156 passes the
internmedi ate 20 frequency signal ff 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 Iine 160 at a rate fs. Digital down
converter 162 frequency shifts, filters and deci nates
the signal to produce |lower 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 detern ned by

estimating the variance of the noise and/or 30

interference in each sideband. The maximumratio

conbi ning (MRC) technique can approach DSB detection

performance when the interference in the sidebands is

equal . VWhile particular enbodinents of this invention
have been descri bed above
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for purposes of illustration, it will be evident to
those skilled in the art that numerous 16 WO

2004/ 077667 PCT/ US2004/ 002549 vari ations of the
details of the present invention nmay be nade w t hout
departing fromthe invention as defined in the
appended clains. 17 What is clainmed is: 1. A nethod of

Wik QC8s5.08. an AM radi o signal conprising the steps of:
recelving an AMradi o signal including an upper
si deband portion and a | ower sideband portion ; and

denodul ati ng t he_upper si deban ortian and the. | oner !

S deband. por ¢} BRO B BPGHICE 28 A e MEFD doumsgaing the teps of:

sideband si gnteiding a8 AdTRdY lsaihalintRWRE 251 HpBafskband portion and a
ignal; characterized by weighting the denodul at ed

S! g]
lowgs sidebasid pepiond a8 gnal and t he denodul ated | ower

si deband. sig ' . - NI - :
Ceser ooy 2 RS S ARG HI L e sidtund porion
to. gesdinchu b atceshd ulp e uppied sidelrukd siigrad land ndd@anavilgydrt &over sideband signal;
Chd%ggdulgted | oner sideband signal; conbining the

%%ldﬁ?% Ydenodul at ed upper sideband signal and the

wei ght ed denogeibingdihe Qodslatbabigper sidettall dighaPad Wee demodulated
an out put  signal; and determ ning the noise power of

lovger, gidgland Figmat BresRspes tosRARINET 47 dieaecerygdgignag sidebands to produce a
. weféﬁféﬁd&’énﬂ;dﬁgatédoﬁﬁ%ersgi%g‘%? Qitgﬁiélg H@Je ﬁgﬁﬁgﬁféésd&ﬁdhﬁdke%t |d¥%r sideband

~a quadrature conponent ated upper
siggdldeband signal with the denodul at ed upper sideband

signal and crgss- .coryel ati uadrature co nent .

of *Lhe deroa fPIPRTE Qi e aiiEh eOdiTyRe) inhef AHRRRN Signal and the
weighread dumadidsted s silebkald an@alsto @adtuce 2n ouip& sidili@dd of

claim1l1, further conprising the step of: filtering . .

each si debandiesFminiee R RoiFh BOvsr ifalhe slemgdulpisd ypecis sidgpand signal

andOthe dORBBE LA TWAG sﬁd?:ﬁaﬂn‘pﬂgﬂal ?kg%@-%grr Qﬁ[;é 2uashufe ®mponent of the

| ower sideband portion. nmet hod of claim 1,
demglatatédnuppen sidsbel signdr with -tho dembdulatad wppepusidetaind rségnal and cross-

corf SRS TR 8 DR Tt win e
denidialasdddp&enfideband signal.
2. The method of claim 1, further comprising the step of:
filtering each sideband of the AM radio signal prior to the step of
demodulating the upper sideband portion and the lower sideband portion.
3. The method of claim 1, 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 shified quadrature component of the demodulated upper sideband signal by the
demodulated upper sideband signal; and
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shifting the quadrature conponent of the denodul ated
upper sideband signal by 90 and multiplying the

shi fted quadrature conponent of the denodul ated upper
si deband signal by the denodul ated upper sideband
signal; and 18 the step of cross-correlating a
guadr at ure conponent of the denodul ated | ower

si deband si gnal. .t 3 t '

si gnal conprigggﬁ%ﬁgkgggﬁgﬁgggﬁéﬁﬂ??#%gmfﬁgagﬁggﬁgﬁﬁ?gﬂnomﬂmed
loweanpdabend segak héthddrodinicdlatedl ower sicbatiasignali gmalrisby the steps of
shfire, 8 bt SoBporetics! SABIHTg R o BRET StEval by 90 ° and
mulyTpiely iRt SfiftddoyvRibratire @b@pshent 8Ntk dethoddiBRd NBLQEBEnd signal by the

claiml1, wherein the step of weighting the denodul at ed
dmﬂﬂ%ﬂﬁfékﬂ@bﬁﬁém@ﬂéﬁaﬂ-and t he denodul at ed | ower

si debandysi gngj i +.h |t Blvi
the demodul at ed ﬁ‘gg’g? @%%é%aﬁd@%%ﬁ zﬂ?é f)te ?ﬂ V‘J\Eéllgﬁl%ll% Ege demodulated
upeasideband sggmdl andithe genydduiptediewdenadabahdisignhl comprises the steps of:

si deband si gnal. .by.on Lnus .the weighting.facfor. 5. . i
The method or nelRi e Sk BbEned nepS ke R ERE b pveripting factor
andd function of the wvariance of interference plus

noi se. 6. The nethod of claim1, wherein_ the step. of i

combi ni ng t heMWEPgMigethe dramsimiated kvapydsbard gigpalnby one minus the
weith@f@facnd the wei ghted denodul ated | ower sideband

signal further conprising the step of: frequency

sel ectiv® conbienneibodpf tlhaien Wewhércmothd eveighting tfadoruip pdinction of the

i_deban i gnal, and the wei ghted denodul ated | ower
Vm%?%%@%ﬁ%“§¥%ﬂ%?msBPBﬁhe nmet hod of claim11, further

conpri siég t HEheSinefhofl i dft €hig, WhRkrdip IR step | ciedrmitdning the weighted

oftion and the | ower, sideband portion prior to the .
ekl af unpengegeat gk e i pOEhed REBAed By el signal farther
coifiRidganeLegbleband portion. 8. The method of claim7,
~ Wwherein the step filtering the upper sideband portion

and the | onerfrasjugtsiyaneeqiyet combiomgpof sths  whightstle geroddulated upper

. L t i deb rtion,.and .t he | ower
R R R
filters 7.0 proguaethad pif wlawi 1,yfuether EdnhprBimgdihsi gepatiBering the upper

S, B E 5D g T 2100, IE, DRt th uppe
siddbRAPHIBES add e 3602 sReblRPAMW AL i ng the plurality of
filtered signals to produce a

8. The method of claim 7, wherein the step filtering the upper sideband
portton and the lower sideband portion 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.

9. The method of claim 1, wherein the step of demodulating the upper
sideband portion and the lower sideband portion to produce a demodulated upper sideband signal

and a demodulated lower sideband signal comprises the steps of:
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plurality of denodul ated signals. 9. The nethod of
claim1l, wherein the step of denodul ating the upper

si deband portion and the | ower sideband portion to
produce a denodul at ed upper sideband signal and a
denodul ated | ower sideband signal conprises the steps
of: 19 multiplying a Hlbert Transform of an inagi nary

conmponent of ﬁ‘nﬁ’ﬁﬁ’g’g% Q Hig)ieg nﬂgns?éﬁnﬁof\ﬁlc%gﬁo i I ngonélgonteﬁteof the radio

correction signha Ive roma rea
signaldiyon weightzt camebticheignkl debiged fifmanshlorompohersf the radio signal and the

N L nar.y_conmponent of the radip.signal .to obtai.n a . N
HilleOhP R il ARG SmPessat ph iSO signgh et gypiehied signal
androm a coherent doubl e sideband signal. 10. A

denodul ator for processing an AMradi o signa

conpri si ng: nBkHactngtheiwpghigH stenpldrama cofisseyt deuble pidefnd signal.

portion amnd t ] ' : '

B anar 0, ot ekeRbior Th(HBARAN R P Tl i AhE A

-and a denoduinaaredfdrodemodiiladimgathd sprgmadidebapdn®rtfier and the lower
. i.ghting the ul ated. u r sideba s gnal .
siaf e Bt A AST PR TG s RERAe<St SR v SR5 @By sienal and o
demoddgeoWRF sidébanbigighsicei ved signal sidebands to

produce a wei ght ed_demodul at ed upper . si deband si gnal
and a wei ght d8eenPaUVHEEme Hefemadulpieh naprd Yieband Sigpal and the

delB@Maed Rfwef Qﬂpﬁﬁid%%hﬁi NEIRRL RO ASTMAN: 34 ﬂéfbg@meréirsiglal sidebands

si deband signal a t he wei ght ed denodul at ed
- to piodedsan treightpdademodhiatedcupper sidebapy sigmahandf @weighted demodulated lower

. rmning the noi se power of the denodul at ed upper
“dgﬁﬁgggﬁa’m%%gnal and the denodul ated | ower si deband

s Lg ngl bé Icr Qﬁgan@ @mrrcﬁhmngm%tha Wﬁ@m&c}dm@uﬁwaﬁ@paiﬁdebaﬁd signal and
t he de ul at ed upper _si )an i gnal. th the

thed@ﬁ%}ﬁid%rwu pves SHABARHS BT A PR -
correl ating %%@%ﬁie‘tb‘iﬁirﬁ&?ﬁ@ RSRE p&fert JFehARIRAM] BldG b per sideband

_ lower sideband signal wt he denodul ated | ower

sigadl g dirddeniaginkated lower gidebagd sismal bit onossoformdlatingal@iadrature component
W1E ns far. cross-correl ating the . .

of 080 o ot E B iR Rl ol gptcbond sl and cross

corsllddigan dpadagnat sunigontidte ofl ah® dichdgldted p@fer Sfidkbaadi hignal with the

si gnal, conpr.i ses. nmeans for shifting the quadrature
dﬂ%%ﬁ%ﬁﬂgﬁwe ld%ﬁ%qﬂgﬁgdulated upper sideband signal by
90 and fior riyetdeRloWhin@r bh8aghid afdgyadr at ure

conmponent of the denodul ated upper sideband signa
the means for cross-correlating the quadrature component of the

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.
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by the denodul at ed upper sideband signal; and the
nmeans for cross-correlating the quadrature conponent
of the denodul ated | ower sideband signal with the
denodul ated | ower sideband signal conprises neans for
shifting the quadrature conponent of the denodul ated

| ower sideband signal by 90 and for nultiplying the

shifted adr r nent ;of the denpdul ated | ro....
oi deband 1% gniﬁy dEmiopiiEieh s B, 105 vHEHRE b i, JOF Wweighting the
desiodulated u@fkr kidebabldeighehand thadeiodofated laiven stdebaid€pil Bomprises:

the nmeans for weighting, the denodul ated upper . .
si deband si gn&F¥&ndt ltﬂ’@ﬁ%dﬁ%t‘g OﬁBWé’Fl UpRss idegand signal by a

wesgl@ing fack@@id ses: neans for nultiplying the
denodul at ed upper sideband signal by a weightin _
factor; and nigs fosrmwiipkying 316 masalagrelnisorer sidedand signal by one

. i ignal by one mnus the weighting
o géé@%ﬁ%lgﬁgggﬁbgtgidemdul ator of claim 10, further
conpri si hg): nEendeniaiuiatarlof ekimd0} fogherppaprisingeband

ortion and the | ower..si.deband ortion, 14. Th .

gem)dul ator PSSO ifETn }ger @PI?'YE tsllfi.;lb?l‘?éiaﬂgmf’ﬁrang the lower sideband
pofiapdul ating the upper sideband portion and the | ower

si deband_portion of an AMradio signal to produce a )

denodul aij;d upefenoduatenel elrighdl, whereln deraeans deredemodulating the

.up%é;H ebgﬁcﬂﬁaﬁagéga Qﬂé'l?&é?’g?&ébﬁﬁé poffBAE Jnowgyidgif el%lgg produce a

I I bert” Transtorm of an 1 nagl hary conpone
demediilgedigpeasbidihand sigeilgint e demodulaiet lover sidgbmid signablanairizes:

a wei ghted signal ;. and .neans sybtracti t.he .
mel ohtod o oty sl BRREr Htbyd HBiaR bl dp dftinary component of
theshQj0 @ignal Hy.a Wéighte® oarebetiah Signfto Sbtain™® WlghtbdI&iERR! and

conprising: nmeans for receiving an_AMradi o signal
i ncl udi ng an Beper 05| SdYadme Hor peighiesh gigaal digar a coherent double
sideial@Rans. portion. 16. The receiver of claim 15,

further conprising: nmeans for filtering each sideband

of the AM.radite digdalatopof deaim $0, foeimpdonptisings t he

$9Pet 1 bR 0808, W9 OURE, BLASPANLARG e i
portion and a lower sideband portion. '
16.  The receiver of claim 15, further comprising:
means for filtering each sideband of the AM radio signal prior to
demodulating the upper sideband portion and the lower sideband portion.
17. The demodulator of claim 10, wherein:
the means for demodulating the upper sideband portion and the lower
sideband portion of an AM radio signal to produce a demodulated upper sideband signal and a
demodulated lower sideband signal comprises a circuit;
the means for weighting the demodulated upper sideband 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
comprises a circuit; and
the means for combining the weighted demodulated upper sideband signal
and the weighted demodulated lower sideband signal comprises a combiner.
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the neans for denodul ati ng the upper sideband portion

and the | ower sideband portion of an AMradi o signa

to produce a denodul at ed upper sideband signal and a
denodul at ed | ower sideband signal conprises a circuit;

the neans for weighting the denodul ated upper si deband

signal and the denodul ated | ower sideband signal in
response;§o n ht.e

Gerodut atba upksSeoMorch BB Ry B

denodulated Immemuanﬂeﬁmndnssgmaﬂmugpnprm&ﬁﬁm&e component of the

et apBa ishand SEaRouth &8 drrag i o P gl comprises o

cirélgiyapdll ated | ower sideband signal conprises a
conbi ner. 21 18 The denodul ator “of claim17, further
conprising: tWhe meaps fosr C@ﬁ%@@f&ﬁr%el%tqmgmaﬂe component of the
defb@AMEEA Y5+6erC A il o, Sﬁ&ﬂ;
“st deband s?@n Qﬁf ntﬁg dempdul a %gétg%gﬁggﬁgég%ﬂgnﬂ<xmummesa
cirgiignal conpri ses a circuit; and the nmeans for

O ol AR B AR 2 i ot e

| ower si deban@le sh@nal f6ON@RédsOfreRtingi theUhhadrdlre EBBponent of the
deggdulator of clajm.18, wherein: the neans for

- derpodylateqgner pidehang Seny vthultte Sempdnl etedrspnse pidefmdsiggal comprises a first
- pheg@@mell 3+ st nﬁes @dﬁ&ﬁ%r&gmﬁb&%hf HQmBERﬁ asgp@eg @%ﬁ&d signal by

Jupper S|deba si gna ses a rst
90 and foh mﬁtlﬁllﬂgmg Hhe ghitied quacrraqummwmt fothe ldemodulated upper sideband

id 90 and
s D Gk LR onp B P e o ASBRER e ¢ ne
dem)dul at ed uppemesisdghantosssbgaalindytht hgualieamdu lcaﬂhp@hent of the
u r deband signal conprises a circuit; and the
deridyfated lﬂweé silebandssigal ayitth et dranaqybitrdatower sidsbgndndaal comprises a
secQIfld E)llih%e sﬁiﬁ'gpﬂﬂlsﬁffﬁ& h‘%"éﬁ'é(ééhﬁj@ p&fl}%éhgmhe Wefﬁgd&lgl%d lower sideband

denodul ated | ower sideband signal” conprises a se
sigisth 3P 0S land tler milsiplyding fheei Sh@teﬂlmlaqltﬂadc abmpenepd nﬁdmeiunodﬁlated lower

d | deb 90 and fo
sidgeifi SRR SRS AR P e BrpBilene B e
denodul ated | ower sideband signal by the denodul at ed
| ower sideband signal conprises a circuit. 22
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