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[0001] In a software-defined radio receiver, an
anal og-to-digital (A/D) converter is used to sanple
an entire operational frequency bandw dth, while only
a small portion of that bandwidth is used in further
processing. One exanple is a digital radio receiver
that uses the A/D converter to sanple the frequency
band enconpassing a plurality of channels, and a
signal processor that selects an individual channe
for further processing. The A/D conversion process in
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occur within the sub-bands of interest. The enhanced radio receiver then recalculates potential
signal frequencies that, if a strong signal were present, would cause harmonic interference within
the sub-bands of interest at the changed sample rate.

[0003] In another aspect, the enhanced radio receiver monitors the frequency band for
strong signals and calculates induced harmonic signal frequencies at the current sample rate for

each detected strong signal. If the induced harmonic signal frequencies are within the sub-bands



-2 of interest, the enhanced radi o receiver adjusts
the sanple rate to mnimze or renove interference
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t he enhanced radi o recei ver uses a frequency
translator to translate received signals to an
i nternmedi ate frequency. The enhanced receiver uses an
Al D conversion process to convert an internedi ate
frequency band into a digital data streamthat is
then digitally processed to select one or nore
sub-bands of interest. The enhanced radi o receiver
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[0007] FIG. 2 is a block diagram further illustrating the software-defined radio
receiver of FIG. 1.

[0008] FIG. 3 is a frequency response graph illustrating an operational bandwidth and
received signal of the software-defined radio of FIG. 1.

[0009] FIG. 4 is a frequency response graph illustrating signals and induced
harmonics due to A/D conversion, for the prior art software-defined radio of FIG. 1.

[0010] FIG. 5 is a block diagram illustrating one enhanced radio receiver.



[0010] FIG 5 is a block diagramillustrating one
enhanced radi o receiver. WD 2004/ 075425
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response graph illustrating an operational bandw dth
and received signal of the enhanced radi o receiver of
FIG 5. [0012] FIG 7 is a frequency response graph
illustrating signals and effects of changi ng sanple
rate to shift induced harmopic interference, by the
enhanced radio receiver of FIG 5. [0013] FIG 8 is a
flowchart illustrating one process for adjusting a
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Enclosure 10 may represent a vehicle such as a plane or car, or a package or housing carried by
an individual, for example. Radio receiver 12 may be a voice communication radio, for example.
Radio receiver 12 uses antenna 14 to receive a radio signal 16. Figures 2 through 4 illustrate the
limitations in the prior art radio receiver 12 of FIG. 1.

[0021]  FIG. 2 is a block diagram of radio receiver 12 of FIG. 1. Antenna 14 converts
radio signal 16 into signal 24. Analog signal circuitry 26 has signal filtering and conditioning
typical for radio receiver 12 to produce signal 28. For example, analog signal circuitry 26 may
contain a band-pass filter for attenuating signals outside an operational frequency band of radio
receiver 12 and a frequency translation circuit to convert received signals to an intermediate

frequency (“IF”) band. Illustratively, signal 28 contains a strong signal 58 as shown in FIG. 3.
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shown exaggerated in amplitude, as compared to actual induced harmonic signals from the A/D
conversion process of converter 30, for purposes of illustration. Signals 94B, 96B, 98B and 100B

represent the 2™, 39, 4™ and 5™ harmonic signals after folding as each appears in digital data
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[0026] FIG 6 shows a frequency response graph 150
Wth x-axis 152 representing frequency, and y-axis
wa3dosroepresent i ng si gnal anplitude. G aph 150 BODMWS2004/003884
frequency content of analog signal 118 prior to A/D
conversion by AID converter 120. Signal 156 represents
the strong signal within operational frequency band
158 of enhanced radio receiver 110 of FIG 5. [0027]
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band 158 as a result of conver si on process
enhaigpdyradioggeaster 6rg-1periver é 140 duiamicotly nodifa thyisemple saterpf the A/D

convér @Bﬁ: roa_ééy Whed b i gilléill? ntORSERE %m"\ﬂ Jnt&ng Fliqaggx{ ffie fre(ﬁ}egcy band

such that interferen rom strong sign
is pregictrdrireeass A0 stastsay stely 249 fusldoniisley withisep844i ng t he

122,
8)/[2‘]?’01’31\5 gt@}??&l o n1 'trgfrt%cﬂgnc % f‘lﬁlg\;egsﬁg thrgzro era 10na§%qufegcy band,
e.g. &mﬁmowlblandwg%ahrocaﬂ Réhomtinweachith ste@déﬁver (e.qg.,

AR B3 8 ATt RS ORISR0 36

continue gnith sfep A¢ oﬂmamapmtdsmmg) @intnak with steh@44.r equency

bal&%ﬂ Step 248 calculates induced harmonic frequencies for the strong signal(s)
detected in step 244. Process 240 continues with step 250.
[0034]  Step 250 is a decision. If a harmonic frequency calculated in step 248 coincides
with the frequency of a channel selected by a user, process 240 continues with step 252;
otherwise process 240 continues with step 244.
[0035]  Step 252 calculates a new sample rate for the A/D conversion process (e.g.,

within A/D converter 120) such that harmonics from strong signals present in the digital data



Is predicted. Process 240 starts at step 242, and
continues with step 244. [0031] Step 244 nonitors
wobnreguwemey signal |evels in the operational frequaseo4/003884
band, e.g., frequency band 158. Process 240 conti nues
with step 246. [0032] Step 246 is a decision. If a
strong signal is detected by step 244, process 240
continues with step 248; otherw se process 240
continues with step 244. [0033] Step 248 cal cul ates
i nduced harnonic frequencies for the strong signal (s)
detected in step 244. Process 240 continues with step
strealﬂf(g g., 1308 4htaStredm P db Sotdni@defeie Svidthalrklsdelb@ed TR bEtput by a user.
uency cal, ulaégg in step 248 coincides wth the
Procqu %b gomEipues with siep sel ected by a user, process 240
cqod3epu eSte}ﬁQSbseﬁtﬁ@sa&%& rateQ3 RIS W&n%rﬂ&?ﬁl%ce%ﬁl% the new sample

continues with ste [0035] Step 252 cal cul ates a

rate RiHEABFEP £ v pReie DI oN GHOpRETe SEs (el
demdifabir Ce. £V @aﬁ&‘i‘ Y&hdlatot498) V%MG h&aka BRNbA3 ek b ontinues

strong Signals present in the digital data WO
with g@l®2f4‘075425 PCT/ US2004/ 003884 -7 stream (e.g
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e ca RS
bandd ﬁ&nfmﬁambe&mzﬂld rateiven 1 ﬂhd)cmuisafmms 27k stz&ts&hﬂép‘lﬁn and continues
.ﬂlqengﬂylator (e.g., channel denodul ator 126) with the
WL HERV sanpl e rate. Process 240 continues with step 244.
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roc ss 2 r.con I1'i ng_enhanced . radi receiver
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c qmws%)q Si 8fp RIOEEEErOEigh] Eévelé%l’\/iﬁf h&fcwl 2 nMBRNn BRP HPNES each
gnal |nterference from strang gna 156 in
T

strong ﬁ‘é?%ltl%ﬂlér wed eavanbaymopig sferlaenes{Prasspbaaniugs with step 278,

r qgedoyer sib Qmﬁ%@a NPE §8che 2160158 @Jtéc%ed ©P6,9fSoess 270
aﬁd cgntln%es Slgtep 274g 10%38 s &? % o

contipyes &tk stap 286 qtheF‘Mﬁ@ﬁ‘i‘?ﬁWé aro ‘Fqﬂéﬂ'{lﬁé At @Ptzﬁét could
CHAREL] o SRS Loy AT ofFpIc o bt SELEELEM 156 g ot
lnterfgte@vtmlw@r-m% rhamels givedess Efedogtifugs with eiquiti es
i ﬂ 3\10 ?%p 2 auéédgﬁa%]ﬁ céer%rtgraﬁB n&? él{agﬂleg d cgcﬂl‘iitm]lgg émth the

Fmonic I nterference, oce
new f@omlq mtgeBrovdst h7Qs¢oepm@§8ath s{e@azm] Step 278 is a

3581 " LTINS BT SRR R
sampjr vEed he2VD cooveidinugscons d)ﬂboﬂ?c&ter PMwhen strong signals received by
enhanced radio receiver 110 interfere with weaker signals on user-selected channels of interest.

[0044]  FIG. 10 is a block diagram illustrating one enhanced radio receiver 300.
Antenna 14’ converts a radio wave 16’ to signal 302. Enhanced radio receiver 300 has an
operational frequency band that contains a plurality of channels. The channels are non-
overlapping sub-bands of the operational frequency band. Analog signal circuitry 304 of
enhanced radio receiver 300 consists of an analog front end 306 and a frequency translator 307.
Analog front end 306 contains filtering and conditioning circuitry to produce signal 308, and
may contain a band-pass filter for attenuating signals outside the operational frequency band.

Frequency translator 307 translates the operational frequency band to an intermediate frequency



[0041] Step 280 cal culates a new sanple rate such that
strong signal 156 does not interfere with

wozer/sei2ect ed channel s. Process 270 conti nuesP@Iiuis2004/003884
step 282. [0042] Step 282 updates A/ D converter 120
and channel denodulator 126 with the new sanple rate.
Process 270 continues with step 274. [0043] Processes
240 and 270 provide two methods for dynamically
changing the sanple rate of the A/D conversion
process of converter 120 when strong signals received
by enhanced radio receiver 110 interfere with weaker
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[0047]  FIG. 12 shows frequency response graph 370 illustrating the frequency

components present in digital data stream 322 after local oscillator frequency calculator 326 has

adjusted the frequency of dynamically controlled local oscillator 310 to reduce harmonic



cal cul ator 326 inforns channel denodul ator 330 of the

new oscillator frequency via data path 332. Channe
wdenadasasi on cal cul ati ons by channel denpdul aPoOT/US3@4/003884

are based on the frequency translation by frequency

translator 307, and are adjusted by | ocal oscillator

frequency cal cul ator 326 when the frequency of

dynam cally controlled |local oscillator 310 is

changed. [0045] FIG 11 showyws frequency response graph

340 with x-axis 342 representing frequency, and

y-axis 344 representing signal anplitude. G aph 340
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toweghdy NV%&I%%@%@CX $4dn Hﬂbefamp%%gowewe%v 8% @ﬁﬁmehmgerﬁews with

the cBanBE1RF indkht B@wSIBof.t ed; hence internmedi ate frequency
band 348, FIG 11, is represented by internediate

f rl8QARE n s prpmesiaterkbythess skillpdinfthe st daeyonictrigngbirefuencics of
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channel denodul ator 330 when 1t changes t requency
convesfer d2EATE celewtedivna siysn Ehausnel offdyeyuienlli coutrelied ledabescillator 310.

S S
s SE a5 S S BAE- PO o
frequsl?rqyfsuch Betrintedersiog fimin Sb8g siEhab374 i, infegnalirtafieqengttaodgrs is
m1n11ﬂ%gcp§1{arﬁ1§3\2 dg%fi‘e% 1veg}b1‘13‘101feas§r%u Bl g%x S i 1§ree’ d aglgnc earfﬁlgggélata
ﬂwma381A 3 86A and 388A represent the 2nd 3rd 4t h and

r of st res |veI and

artlosBR G UPER 35 s 3l R PR ima e’ 7 B oo
enhamrd radjcpatester 300 PQlyRmiyalBadodiBithd fiequasdyald@thmitalyuoeeblled
local oscﬂ[ln% 3?0 01” ggq%egcy ané‘ipfor §087 en%arn?o%lscpélgTP Pl%’%rrfe%nce from strong

signal 346 in intermediate frequency band 348 is predicted. Process 400 starts at step 402, and
continues with step 404.

[0051]  Step 404 monitors signal levels in intermediate frequency band 348. Process
400 continues with step 406.

[0052]  Step 406 is a decision. If strong signal 346 is detected by step 404, process 400

continues with step 408; otherwise process 400 continues with step 404.



signal s 384B, 386B and 388B, respectively, in digital
data stream 322 after folding at Nyquist frequency
wG83do4/0Theesi nduced 2nd harnoni ¢ signal 382 i s netTfushaedo3sss
as it occurs at a frequency |ower than Nyqui st
frequency 354 in this exanple. However, signal 382 no
| onger interferes with the channel of interest (arrow
380). [0049] As appreciated by those skilled in the
art, harnonic signal frequgpcies of strong signal 376
in frequency band 378 resulting fromthe A/D
conversion process of A/D converter 320 are
c#1058] at Heop #& caleulgites dnluteddnueorty frofuedyiesfor sing yignal(s) detected
I sci.l | at 310. Thus, enhanced radio
i Stefr;%u Pl é’FseS%l(gbgg" PP‘gSt‘ilgh A Aﬂlba dynami cal Iy control | ed
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s& d% 0050 FIG 13 shows a flowchart
‘f‘%g tFIh@ ZoReulates @ @8Y oaplrtedEequeiiel ey raanepcy Ennraiered”
such th@iHafinéB&a L€ Etro%@ Qighdls ?&M%Qﬁé&ay d4t® Ei&écaiﬁ b %o BBﬁHﬂéﬁ@l%thh
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chan Sk B8 BRhngn el b B LGRS WESHPREY
SI®S71 0 6F1Gs 1 hshimsiadlownhart fllugtatiog gnesprgaesd 4234‘6r dostrolling
enharEl SE TR 308 e 5RRS S ReuEO e ES of e i
contr(ﬁI&Gclldcn@V@éﬂ]EtoPEIIU &ISRQOhc D 6BBB4or 30T VhED RO RbniSiksigpal 4ik8rference
| at d c fr nci es_for ron
R T e TR A
and cwtinhessviepst4pld24. [ 0054] Step 410 is a decision. If a

h ic, freguency calculated in step 408 coi ncides
w98 1 cSiep %%Ugm’é%?m%{meﬂ% Encicsdhal gragd! pyirope sigapl were
preseft] @GSt OHc GRRtrIER IMsbliteRERA chihdel. PRLREHNY &)ﬁtmues with step

_ process 400 continues with step 404. [0055] Step 412
426. cal cul ates a new oscil | ator frequency for frequency
t '[@891 atQkp Simeasmedlitdflev@FPREERCEE ﬁ@ltﬁfeﬁ%&e 424 Process
s, present in digital data stream 322 do
4200Wﬁ¥@?$%¢%“@944§ channel s sel ected for out put by a
0] Pregess ¢0B.£901 (Uss t
Ws]et S t&ﬁe olsm (Ia [ator fr elé e%&ﬂ %od%%tcﬁaﬂ}( Ig%%g%?%sgam
continuexwih sep 630; Ig‘fh@@@gesprp@ss 420 contlnues with step 424,

[0061]  Step 430 calculates a new frequency for dynamically controlled local oscillator

310 such that the strong signal(s) identified in step 428 do not interfere with user-selected
channels. Process 420 continues with step 432.

[0062]  Step 432 updates dynamically controlled local oscillator 310 and channel
demodulator 330 with the new frequency calculated in step 430. Process 420 continues with step
424,

[0063]  Processes 400 and 420 provide two methods for dynamically changing the
frequency of dynamically controlled local oscillator 310 of frequency translator 307 when strong



the new frequency cal culated in step 412, and updates
channel denodul ation cal cul ati ons of channe
wdeonadas@asor 330 with the new frequency. ProceBeTARR004/003884

continues with step 404. [0057] FIG 14 shows a

flowchart illustrating one process 420 for controlling

enhanced radi o receiver 300 to dynamcally nodify the

oscillator frequency of dynamically controlled |oca

oscillator 310 of frequency;translator 307 when

harnoni ¢ signal interference fromstrong signal 346

in internmedi ate frequency band 348 occurs. Process 420
signalsf (@it stroag sigha P46, F2G. 11gnecetved by enteacadirhdio sdcefverB04.interfere with

Ste 2 entifi otentlal frequenci es t hat
Weak%éigngl]isfm EEF?ATS‘%A& gﬁo\ﬁéf’ " present, cause harnonic
| ndosaf er gMcERAcH the @e%ﬁﬁﬁorﬁ@b@&deﬁ&nﬁh@ﬂ? @ﬂ)emff&itﬂa@ Efise 466h1d not be
continues with step _426. g§91 aP 426 measures
consteied, Alimitigy &%quarhelfepﬁ éﬁ@?’@ Rrepating fljusgetions ot sope s the
embofnRERS Bhus 4Cc G thbiH 88 d¥kinfin RS RhdaPendcA@faGhs aldeRidRS
is a decision. If a strong signal is detected by step
equivalpys, rpthejctbancbyshpexagpifsigiiges with step 430; ot herw se
process 420 continues with step 424. [0061] Step 430
cal cul ates a new frequency for dynamcally controlled
| ocal oscillator 310 such that the strong signal (s)
identified in step 428 do not interfere with
user-sel ected channels. Process 420 continues with
step 432. [0062] Step 432 updates dynami cally
controlled | ocal oscillator 310 and channe
denodul ator 330 with the new frequency calculated in
step 430. Process 420 continues with step 424. [0063]
Processes 400 and 420 provide two net hods for
dynam cally changing the frequency of dynamcally
controlled | ocal oscillator 310 of frequency
transl ator 307 when strong WO 2004/ 075425
PCT/ US2004/ 003884 -11 signals, (e.g. strong signa
346, FIG 11), received by enhanced radi o receiver 300
interfere with weaker signals on user-selected
channel s of interest. [00641 Although the description
above contains many specificities, these should not be
construed as |imting the scope hereof but as nerely
providing illustrations of sone of the enbodinents.
Thus the scope shoul d be determ ned by the appended
clainms and their legal equivalents, rather than by
t he exanpl es gi ven WO 2004/ 075425 PCT/ US2004/ 003884



-12 CLAIMS What is clainmed is: 1 1. An enhanced radio
recei ver system for reducing harnonic interference
wehbmmrsi252 i nduced by anal og-to-digital convePeTmIS2004/003884
within one or nore selected channels, conprising: 3 an
analog to digital converter having a dynamcally
controll able sanple rate, for 4 generating a digital
data stream from anal og signals in a frequency band;
and 5 a signal processor fop processing the digital
data streamto control the sanple rate of the 6
analog to digital converter such that harnonics of a
strong signal wthin theCLAIMSIuency band are outside
thg%el cteg channels. 8 2. An enhanced radio
FVAETAEYSem of claim 1, wherein the signal
processor conprises a channel denodul ator for

decodi the c nels.wthi he frequency band. 3.
erhanc 2%\ ef’g CBChia 0APeFRYeT %@f“etl rsfuGinehagmenic fpietezsnae f’%ts

inducst G ahaldd- t@Qﬁgiﬁpéonv@l@lBﬁ ki thBSon8 0P nBRAkIeb By Shanhdldli lc6@bRding:
for determ.ning signal strengths in the frequency

baf@nalogto dﬁﬁtae?ﬂﬁlé{ hayingir dynawica]ly eontipllable panee wicafan

2, wWheggiemhihBe dsliEnata e |
rate cgl ceultla? or For sel e%??%%’;{nﬁ%gg}a%ﬁﬂ?gﬁ giqg@%@bﬁnd and

f desimalrossson farmeocasiiedlee digital ditgbtream t@@m@l tlersamﬁle 1 of the
enhanc anlé' f,atq Id%lﬂ’aﬁ&)%{léf%g sM%ﬁa@ H&rﬁlfo l%L Qf g&ﬁi Q&gﬁnnl the

conpri si ng neans I nputti ng the se ect anne
to theﬁﬁq@ne)rbqnd@tﬁes@me thegseledfedehdmmplsed radi o recei ver
systemof claim1, further conprising analog signa

C |2f Cui thenhficeREBGEIeNGr $yBRml FTRAUE NCYhIeiA thel 201 practsRr
gnal s input to the enhanced radi o receiver system

compriseh s chape] Higkpdyigpor fadgeqding tharhwmealewitkip dierfesqueney band.

effects within one or nore selected 2 channels of a
f r3eque rAmwnhfmmﬂ adid receducedtemofahah agwh@eid ithgpi sigb] processor

conver I Si the. ste f .4 _dy anlca
compGhire Ry SRRl Fer Wrel gl AR saipelind? o R v ol

conversion process that 5 generates a digital data

st eamreshanaerbidig redelyabsystemplchiin £ whanein dy stanlhrocestr

compﬁs&raosﬁﬁl B cli atg o E%Ctl @ s 1%1??4{% B)gfegﬁ gl%]mtﬁ] fhe agglog to

e rate suc nlcs
d%ﬁﬂﬁ@hﬁﬁmthe frequency band are outside the seIected
channel s. WD 2004/ 075425 PCT/ US2004/ 003884

5. An enhanced radio receiver system of claim 1, further comprising means for

inputting the selected channels to the signal processor.

6. An enhanced radio receiver system of claim 1, further comprising analog signal
circuitry for selecting the frequency band from radio signals input to the enhanced radio receiver

system.

7. A method for reducing harmonic interference effects within one or more selected
channels of a frequency band and induced by analog-to-digital conversion, comprising the steps
of:

dynamically controlling a sample rate within an analog to digital conversion process that

generates a digital data stream from analog signals in the frequency band; and

processing the digital data stream to determine the sample rate such that harmonics of a

strong signal within the frequency band are outside the selected channels.



-13 8. A nmethod of claim7, further conprising the
step of denodul ating the channels wthin the

wonreguwemey band. 9. A nmethod of claim8, furthecT/usS2004/003884
conprising the step of neasuring signal strengths at
frequencies in the frequency band. 10. A nethod of
claim8, further conprising the step of selecting the
sanple rate in feedback with the analog to digita
conversion process. 11. A npthod of claim7, further
conprising the step of converting user inputs into
the sel ected channels. 12. A nmethod of claim?7,
further conprising the step of filtering radio signals
wi &hi n A method peeiant furenepmprising themtepenfidamedidating diecchannels

within e REncy®IP 1 Sing: 2 an analog to digital converter
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a signal level indicator for measuring signal strengths at frequencies in the frequency

band; and
a sample rate calculator for controlling the sample rate in feedback with the analog to
digital converter such that harmonics of a strong signal within the frequency band

are outside the selected channels.

14.  An enhanced radio receiver system for reducing harmonic interference effects
induced by analog-to-digital conversion within one or more selected channels, comprising:

a frequency translator having a dynamically controlled local oscillator, for translating
radio signals to an intermediate frequency band; and

an analog to digital converter for generating a digital data stream from analog signals in
the intermediate frequency band; and

a signal processor for processing the digital data stream to control the frequency of the
dynamically controlled local oscillator such that harmonics of a strong signal

within the intermediate frequency band are outside the selected channels.
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recei ver system of claim15, wherein the signa
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further. conprising the step o el ecting the frequenc
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steps of:
dynamically controlling a dynamically controlled local oscillator within a frequency
translation process that generates an intermediate frequency band signal from
radio signals in the input frequency band; and
processing the digital data stream to determine the frequency of the dynamically
controlled local oscillator such that harmonics of a strong signal within the input

frequency band are outside the selected channels.

21. A method of claim 20, further comprising the step of demodulating the channels
within the frequency band.

22. A method of claim 21, further comprising the step of measuring signal strengths

of frequencies in the intermediate frequency band.



the dynam cally controlled local oscillator in
feedback with the frequency transl ation process. 24.
weé 2otonsds of claim 20, further conprising the BCeWSef04/003884
converting user inputs into the selected channels.
25. A nethod of claim 20, further conprising the step
of filtering radio signals of the frequency band. 1
26. An enhanced radi o receiver, conprising: 2 a
frequency translator having;a dynam cally controllable
| ocal oscillator frequency, for 3 generating an
i nternmedi ate frequency band signal from an input
f r2quentnethad df déim 21, fateocosipginmp ste stepai séddéding GaviRkgh@icy of
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a channel denodul ator for denodul ating one or nore
seldect edmethat nb¢laimdQ; Firther doanpriging thecpteprof yoryariolg user nputs into

' | indicator for neasuring signal strengths
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and 11 a frequency cal culator for controlling the
dyfrani ¢ameipod ghtleia 3% firbecompsisiag theatepof filterineaadie pigyals of the
frequeficy @@@back with the frequency translator such that
harnmonics of a 13 strong signal within the frequency
bqﬂg are o tsige t he sel ected .channels. 1
. An enhanced radio récéiver, comprising:

a frequency translator having a dynamically controllable local oscillator frequency, for
generating an intermediate frequency band signal from an input frequency band of
radio signals;

an A/D converter for converting the intermediate frequency band signal to a digital data
stream at a fixed sample rate;

a channel demodulator for demodulating one or more selected channels within the
frequency band;

a signal level indicator for measuring signal strengths of frequencies in the intermediate
frequency band; and

a frequency calculator for controlling the dynamically controlled local oscillator
frequency in feedback with the frequency translator such that harmonics of a

strong signal within the frequency band are outside the selected channels.



