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| NVENTI ON a software-defined radi o receiver, an analog to Igital
(A/D) converter is wused 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 channel for further
processing. The A/D conversion process in the radio receiver introduces

har noni ¢ spurs of strong in-band signals that reduce the effective dynamc
range of a sanpled digital data stream These harnonic spurs can be up to
40dB above a noise floor of an A/D converter. This |evel of harnonic
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SUMMARY OF THE INVENTION

[0002] In one aspect, an enhanced radio receiver uses an A/D conversion process to

—
-

convert a frequency band into a digital data stream that is then digitally processed to select one
or more sub-bands of interest. The A/D conversion process uses an A/D converter to sample the
frequency band at a sample rate, for example conforming to Nyquist’s sampling theorem. To
avoid harmonic interferences caused by the A/D conversion process, the enhanced radio receiver
calculates potential signal frequencies that, if a strong signal were present, would cause harmonic
interference within the sub-bands of interest for the current sample rate. The enhanced radio
receiver monitors these potential frequencies and, if a strong signal is detected, changes the
sample rate of the A/D conversion process such that harmonic interference frequencies do not
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]  Inanother 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
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mnimze I interference fromthe harnonic signa
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[0:%)'05] In yet another aspect, the enhanced radio receiver monitors the frequency
band for strong signals and calculates induced harmonic signal frequencies for the fixed A/D
sample rate. If the induced harmonic signal frequencies are within the sub-bands of interest, the
enhanced radio receiver adjusts the frequency of the dynamically controlled local oscillator to
shift the intermediate frequencies of all received signals, such that harmonic interference

frequencies do not occur within the sub-bands of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]  FIG. 1 is a diagram illustrating a prior art software-defined radio receiver
within an enclosure.

[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.
WO 2004/ 075425 PCTI US2004/ 003884 -3 [0011] FIG 6 is a fr nse
graph ill 020454 N oper ational bandw dth and received ﬁ‘?g’ﬁg?‘%éé’@ﬁ‘g
enhanced radio receiver of FIG 5. [0012] FIG 7 is a frequency response
graph illustrating signals and effects of changing sanple rate to shift

i nduced harnonic interference, by the enhanced radio receiver of FIG 5.
[0013] FIG 8 is a flowhart illustrating one process for adjusting a
sanpling frequency in the enhanced radi3o receiver of FIG 5. [0014] FIG 9
is aflowhart illustrating one process for adjusting a sanpling frequency
in the enhanced radio receiver of FIG 5. [0015] FIG 10 is a bl ock diagram
illustrating HMdlher FEanakadiequenty sesperssigyanh, illugtatingin epegitiona] haadwidth enfiency
response_gr B | I . i requency bandw dth, an exanpl e
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response graph illustrating.signals and.effects of changi dynani cal | y
cont rol | SeEsrmBlegie ia st ingid ni dniEece, Ryt SRhIP BT YA s. by
the enhamgged radi o receiver of FIG 10. [0018] FIG 13 is a flow chart

illustrating one process for adjusting a dynamically controlled |ocal

osci |l ator fr{9ddhcy FlG. § ise Rowchad dtisiatingoneprasesscior adjustinga salplif®019] Fl G
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illustrates an enclosure 10 fitted W},é&% prior art radio receiver 12.
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[0017]

changing dynamically controlled local oscillator frequency to shift induced harmonic signals, by

FIG. 12 is a frequency response graph illustrating signals and effects of

the enhanced radio receiver of FIG. 10.

[0018]  FIG. 13 is a flow chart illustrating one process for adjusting a dynamically
controlled local oscillator frequency in the enhanced radio receiver of FIG. 10.

[0019]  FIG. 14 is a flow chart illustrating one process for adjusting a dynamically

controlled local oscillator frequency in the enhanced radio receiver of FIG. 10.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0020] FIG. 1 illustrates an enclosure 10 fitted with a prior art radio receiver 12.
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.



typical for radio receiver 12 to produce signal 28. For exanple, anal og
signal circuitry 26 may contain a band-pass filter for a j jgnal s
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translation circuit to convert received signals to an internedi ate

frequency ("IF") band. Illustratively, signal 28 contains a strong signal 58
as shown in FIG 3. WD 2004/ 075425 PCT/ US2004/003884 -4 A/ D converter 30
sanples signal 28 at a fixed sanple rate, producing digital data stream 32.
Si gnal processor 34 processes digital data stream 32, using channel

denodul ator 36, to produce two outputs, A and B. User input 42 selects
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as graph 50 of FIG. 3. Nyquist’s sampling theorem states that a sampling frequency must be at

least twice the frequency of the highest frequency component of the signal being sampled to
prevent information loss and/or aliasing. Graph 80 shows sampling frequency 88 at a frequency
more than twice that of the upper frequency of frequency band 56. A Nyquist frequency 90
occurs at a frequency half that of sampling frequency 88. Any frequency component of the
sampled signal that is higher than Nyquist frequency 90 is ‘folded’ back down the frequency
scale. For example, a signal with a frequency 500Hz higher than Nyquist frequency 90 in the
A/D conversion process of converter 30 would appear at a frequency 500Hz lower than the
Nyquist frequency in digital data stream 32. Signals 94A, 96A, 98A and 100A represent the
induced 2", 3™ 4 and 5™ harmonic signals, respectively, of signal 58, and are shown at
frequencies before the Nyquist frequency. Harmonic signals 94A, 96A, 98A and 100A are
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°, 3, 4™ and 5™ harmonic signals after folding as each appears in digital data



Nyqui st frequency in digital data stream 32. Signals 94A, 96A, 98A and 100A
represent the induced 2"d, 3rd 4 and 5th harnonic signals | y, of
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Har noni ¢ signals 94A, 96A, 98A and 100A are shown exaggerated in anplitude,
as conpared to actual induced harnonic signals fromthe A/D conversion
process of converter 30, for purposes of illustration. Signals 94B, 96B, 98B
and 100B represent the rd 3Td, 4th and 5th harnonic signals after folding
as each appears in digital data WO 200445075425 PCT/ US2004/ 003884 -5 stream
32. For this exanple, arrow 102 indicates a channel of interest within
frequency band 56; _as illustrated, the second harnonic signal 94B

i nt er f er &&eam 3% Fonthis examplee prroy 462 Bidicatessa channs] ef ipterskwithiadieansnshi danddf; an
enhanced I i ' io wave 16" to

si gnal 1f%ﬁﬂhﬁa}%%cﬁg‘g%ﬁ%?‘én&%g’?%@@@@ﬁéﬁﬁﬁggﬁﬁ? g‘%"?“gﬂm frequency band
158, FI G 6, t [(@25conFld. 5ds ablotlhidiagiatmyshovinplwmrenkdived fddéo ebaverdll6. Altenmmon-

over | appi_.ng sub-bands of qperatiopal, frequency, band 1 Anal og si gnal
circuitr )}4%%)6“’6‘?5 ag Wa"f‘ﬂ:véc}%s?cﬁ‘%‘ap@é‘e% ci‘gﬁdﬁgcqlﬁrt?g? I‘?Fgmeﬂi’gm% i tioning

to pr Odu%qﬁngf‘ﬁ&ndllls%-, FICPE, R t@0RLRs a pARAIY 9 Shanfab. Thechrtinkls¥ard Adh-mY contain
a band-pass filter for attenuati nf(g signals outside operational frequency

band 158 overtappingisneqamds©f operalinnabireanancsy| bandil b8 .tAnadegsignat ciraugtest Véddfsi gnal s to
I F b H ﬂ - . . 6 . . . h |
Fr equency hakPRly bkl 1o SRR, AngluiiindladBroadolish 1L 1BRERBNET™ || o

at a sanphslog sigeal detuitred 1 Onag aofthia a baad-pass filetfaratenuifip Snald @nslde pr ocessor

124, via data h 132. Si | 118 is converted to digital daia,stream 122

by A/ D ORI RSB S STy T GRIEUSaE QP FoCaHEA PR 122
usi ng chapmehaiie SRHM B8FhaylctftalPa flfdﬁg'dggﬁalal 58lviitrh beratidhna B bakd 3581 D.

User input 136 mil%ﬁ be uséd to sel ec annel s for denodul ati on and out put
as out putas skowrDn F&G @n AYD fcennsttet 12§isemplss signald 1 8ot sample fatedpiinad by sample di gi t al

dat t 2 i . I I . t i I
ot r ongt nangpeiEfiaBRiad & HAFpRRRA NP 958 A 135 il 01 £l o RN 0 ikt 97
SL rong Sia?m&barﬁfi_m EYIAIZ!D gbm\&heﬂmOaS'ngl@ameas? 12epetastesdigitah dz_tt?méam $tynal

t hat t t { puyt, , . )
bt o chogebpridetobr LS oneecan ot pr bt oo B b SEERRT ' o o
cal cul at g uio B MBI GHRIRIGH had Qitpkta8 offputste D) STknaRIRRL] iftflcator

frequency via data path 134. Channel denodul ation calculations by channel
denodul atl38 mbpgorsfrequengiesdn digitallatasstrepn d 22 andinderma/spmple mate calewlatpp 030 efhd ar e

adj ust ed by SATR| Sl Al AR iudats. #4450 LAScARTRLS 0 RrEARDHS ong

signal 156 in digital data stream 122 generates a harmonic signal that interferes with a frequency

selected for output, and, if necessary, adjusts the sample rate of A/D converter 120 via data path
132. Sample rate calculator 130 informs channel demodulator 126 of the new sampling
frequency via data path 134. Channel demodulation calculations by channel demodulator 126 are
based on the sample rate of A/D converter 120, and are adjusted by sample rate calculator 130
when the sample rate changes.

[0026] FIG. 6 shows a frequency response graph 150 with x-axis 152 representing
frequency, and y-axis 154 representing signal amplitude. Graph 150 shows frequency content of
analog signal 118 prior to A/D conversion by A/D converter 120. Signal 156 represents the
strong signal within operational frequency band 158 of enhanced radio receiver 110 of FIG. 5.

[0027]) FIG. 7 shows frequency response graph 180 with x-axis 182, representing
frequency, and y-axis 184, representing signal amplitude. Graph 180 shows frequency
components present after signal 118 is converted into digital data stream 122, Graph 180 is
shown in the same scale as graph 150 of FIG. 6. Arrow 188 illustratively indicates a channel of

interest.



[0026] FIG 6 shows a frequency response graph 150 with x-axis 152
representin frequency, and y-axis 154 representing sign i G aph
150 shows ‘W?’éﬁ%wg§/25content of analog signal 118 prior tﬁﬁﬁf’ﬁg%%wg’s%‘} on by
A/ D converter 120. Signal 156 represents the strong signal within
operational frequency band 158 of enhanced radio receiver 110 of FIG 5.
[0027] FIG 7 shows frequency response graph 180 with x-axis 182,
representing frequency, and y-axis 184, representing signal anplitude.

Graph 180 shows frequency conponents pgesent after signal 118 is converted
into digital data stream 122. Graph 180 is shown in the same scale as graph
150 of FIG 6. Arrow 188 illustratively indicates a channel of interest. WO
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rate such that interference from strong signal 156 is minimized or removed, effectively

increasing the dynamic range of digital data stream 122.

[0030] FIG. 8 shows a flowchart illustrating one process 240 for controlling an
enhanced radio receiver (e.g., receiver 110) to dynamically modify the sample rate of the A/D
conversion process when harmonic signal interference from a strong signal in the frequency band
is predicted. Process 240 starts at step 242, and continues with step 244.

[0031] Step 244 monitors frequency signal levels in the operational frequency band,
e.g., frequency band 158. Process 240 continues with step 246.

[0032] Step 246 is a decision. If a strong signal is detected by step 244, process 240
continues with step 248; otherwise process 240 continues with step 244.

[0033]  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] Ste 244 m)nltors frequency signal levels in the ope Lo
frequency‘ﬁ , frequency band 158. Process 240 coﬁ?(irﬂﬁ%%og&hsﬁs‘%tep
246. [0032] St ep 246 is a decision. If a strong signal is detected by step
244, process 240 continues wth step 248; otherw se process 240 conti nues
wth 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
250. [0034] Step 250 is a decision. If .@a harnonic frequency calculated in
step 248 coincides wth the frequency of a channel selected by a user,
process 240 continues with step 252; otherw se process 240 continues with
step 244streh®(33], d%ﬁbda?ﬁéhe@ﬁnl 120) éé aet interfere vitrghagnelsetectedrfor ditput/by a user.
conversi on process (e within A/D converter 120) such that harnonics
from st rﬁﬁge%%%m@nﬁ%e‘g’élh%teﬁ #%he digital data WO 2004/ 075425

PCT/ US2004/ 0

interfere w ?@%ﬂannsé p?%gs ec eesgﬂlp%errq(ﬂftg%@ogw%@rﬁ%%cé%%téé@egn%%fmple
cont i nuemtedaldulatdin stpL52[ MAAGaté&t chanid dermedidatidneakalutibes ofat chandielt he A/ D
conversi on process to the new_ sanpl rate cal cul at ed |n step, 252, and
updat es damayiatord e o Qtamach dsmodalatol | 26) it e e SeTRBlR Falp- Frogsit SATtinugse. g
channel depedybajor 126) with the new sanple rate. Process 240 continues

with step 244. [0037] FIG 9 shows a flowchart illustrating one process 270
for controll |WQ3'th£iGeQI shawsdi ﬂpwoéelénllustrawmnﬂ@r@ﬁﬁaaﬁ‘p(fat ¢0}lt1‘nﬂmgfeyhamed

sanpl e rat.e of conve SI 0 r,ocess, of ver

har nmoni cragfogtﬁ%?w‘?rﬁtl Q/H ﬁ{fg lﬂ}eos%mge ! Wzﬂf anggrglrogtpg NIEN &f}?@q uency
band 158cdiveitha06n haﬂhdmds@g;ﬁl Wedrfetckde BoMbHONg KEfMl 856 irdoffraioakl eqabnoyt €P
272, and continues wth step 274, [0038] St eg?274 det erm nes all

f undamenband lﬁﬂ@ée@r@@p&raﬂlﬁa@ceev@nlkp wu@e T0pRse 27 @ ptanigpat sieR2fdrandcontinuegser
sel ect ed g . Process 270 continues with step 276. [0039] Step 276
measur es S|gn I""I"'evel s for frequencies identified in step 274 for each
strong signal [003§ t hsaep Wudettrmines ell fiardamental freyuendiertbatcouldRavsednterfEiiy

continues with ste 040 te IS a decisi If a strong signal
i s det ect&HOBIFS ?fé%ef?? Ctegfggad‘é‘gé' 9epss %(ﬁ‘fqnﬂﬂ%"? ‘W?"tslli ps%ép 280; ot herwi se
process 270 cpsonUestep 6 msidstRs digflal levels for frequencies identified in step 274 for each

strong signal 156 that would cause harmonic interference. Process 270 continues with step 278.

[0040] Step 278 is a decision. If a strongusignal is detected by step 276, process 270
continues with step 280; otherwise process 270 continues with step 274.

[0041]  Step 280 calculates a new sample rate such that strong signal 156 does not
interfere with user-selected channels. Process 270 continues with step 282.

[0042]  Step 282 updates A/D converter 120 and channel demodulator 126 with the
new sample rate. Process 270 continues with step 274.

[0043]  Processes 240 and 270 provide two methods for dynamically changing the
sample rate of the A/D conversion process of converter 120 when 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 cul ates a new sanple rate such that strong signal 156
does not interfere with user-selected channels. Process 270 continues with
step 282. oo Siap 282 updates A/D converter 120 and chpornvek2menusdsd at or
126 with the new sanple rate. Process 270 continues with step 274. [0043]
Processes 240 and 270 provide two nethods for dynam cally 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
signals on user-selected channels of interest. [0044] FIG 10 is a bl ock
diagramillustrating one enhanced radi 6% ecei ver 300. Antenna 14' converts
a radio wave 16' to signal 302 Enhanced radi o receiver 300 has an

channel oA TE PR SRl ThaRs Bl cbliflea RN E BunlBhana

Anal og sh@aB14addlowtgays BIM 3(16 erqu&a@cmsraaﬁew tafdateSsiga) 008 Mfsdigias 306 an
anal og front end 306 and a frequency translataqor 307. _Anal og front. end 306

cont ai ns by perplgping sigaalp 08 5w 9(‘51&11?% oroduge Fllggtalt365p$lg’éﬂl 345 i fiftergd bydew and
nmay cont ﬁbﬁg fi?tepﬂ%d 1888ng SikhaAB18 Q‘ﬁ%ﬁﬁ 8 BMa) in 'agg‘gﬁ si %Vatl ShelGithiAGhe

operatio reque cy band.” Frequency trans at or slates t
oper at i om¢rmeedietyfeaqugnclydadd 848, am shawnan k@ ilat &/D ccaqaencszowmm@stg@‘xswa
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316. Fr eQiparIGitodessdi Shapkes3es/difita data dtredin S2Diikthg SOEnhélld@nvddlant 35HB by
conbi ning signal 308 wth signal 312 to produce_signal 315. Signal 315 is

fil t er ed PRugeAPluplisofouruss, Eapd F. Hﬁqsdtmlt AP @Pghapsedte selegtghanmels for nay
contain %Erﬁgt %n%h&lB utttQu uttshEg: %W%anﬁé‘t&(eﬁ%d Qtfgt%siﬂ ﬁGHﬁ‘d}f @%ﬁae@# as

shown in 1 Al'D convert sanpl es si gna sanpl e
rate. Sl @Igithl cﬁlﬁmesmé'@ﬂ wed trédmtwoall dsogﬂilattat ﬂ&gaemywlcshtmrgzﬁ obthe Afghrlconvert er

320. g{g gg,gr? [ 32041 $38 at étalc I Eﬁua §§ %ZZmUSf ng a channel
denodul a V] ?“6‘88 8 *t W4 ? oqr“e%G{t g oF! &&5 Mout 336
may be usiealt3as &edta%;tusahﬂsmeﬁeﬁams ahdmmthdlgtat that Bt fopestvithl a eitinndlispledted E, F.
A channel 1evel indicator 328 n| tors fr (% cies in g gital _ data stream
322 and ifoHoyRYE apdabnecgssen) Falf ?tettéﬁﬁ@?fé@a ayFayAnd 391sts thefrguency of

strengt hg 11':4511??%&61?&‘1865‘? b&%llat&:oﬁ@ i Bitd pdtR 894 IfoEﬁqJ‘d&ﬂE&Sr fréduehlypt or 326

det er m ne ta stream 3 generates a Harnonic
signal t halnulatot 304G mfcemswtx&@ehdcmtrzdehm 35@ bEthe @dw olsuﬂatoufrpquencsaml data path
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osci | | at eandlstReW§Feyuency translator 307, and are adjusted by local oscillator frequency calculator

B

326 when the frequency of dynamically controlled local oscillator 310 is changed.

[0045] FIG. 11 shows frequency response graph 340 with x-axis 342 representing
frequency, and y-axis 344 representing signal amplitude. Graph 340 shows frequency
components present after signal 318 is converted into digital data stream 322. Arrow 350
indicates a channel of interest.

[0046]) Sample frequency 352 has a Nyquist frequency 354. Signals 356A, 358A,
360A and 362A represent 2“‘1, 3’d, 4% and 5% harmonics, respectively, of strong signal 346 and
are shown at true frequencies before folding. Signals 356B, 358B, 360B and 362B represent
signals 356A, 358A, 360A and 362A, respectively, after folding at Nyquist frequency 354.
Signal 356B, representing the folded position of the 2™ harmonic of signal 346, interferes with
the channel of interest (arrow 350).

[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
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cal cul ator 326 inforns channel denodul ator 330 of the new oscillator
frequency via data path 332. Channel denodul ation cal cul ati ons by channel
denodul at ojyo3@4/disarPased on the frequency translation bypEiRUEEGIDY3884
transl ator 307, and are adjusted by | ocal oscillator frequency cal cul ator
326 when the frequency of dynamcally controlled | ocal oscillator 310 is
changed. [0045] FIG 11 shows frequency response graph 340 with x-axis 342
representing frequency, and y-axis 344 representing signal anplitude. G aph
340 shows frequency conponents present after signal 318 is converted into
digital data stream 322. Arrow 350 indi®tates a channel of interest. [0046]
Sanmpl e frequency 352 has a Nyqui st frequency 354. Signals 356A, 358A, 360A

and 362A.represent .2[err err rr]. and errd harnonics

respect i %?‘5“:@6* I%W%ﬁa’"lﬂ %ﬁ%ﬁeteﬁléf %ndi‘%’ d dé'raémé”h%g?mfna%eqc“%%' ERRORRHAPLY Gy ef or e
fol di ng. xSix@EILSeptohis frRqikdhcy 300P ariRA 73 Gepltese P bigiAAMpliidenal s 356A, 358A,
360A and 362A, respectively, after folding at Nyquist frequency 354. Signal

356B, represefUdBly t When tedeguensyiof pesillater 31Ads chapgedathediaquensy comgprantsine,
i f i oF i . 2 sh
interferes WaiR ard il e ktflﬁehﬁ@ﬁﬁ%%g&ﬁaé@?ﬁé ¥96: 11, Qsorééﬂesé:rhc% yr2 shows

frequency -r esponse gr apl ustra réquency mponent’s present
in digit dttemetmtefreqmamnty32ad 7% efter|thefiéquesey dhangecnf osciletoeditly Fesmfuendyat or 326

has adjusted t f.requency, of namd cal Ly controlled |.ocal oscillator 310
o r edutEakieins AP Aess Firas it atis 40 Sheb b hertes b rauPRs ok eter « ne
channel  afi0,i 8 cRiReL frequBkbicst&ls®¥hifted. AoIBRO ihdlicAtt £t BNEY chAKPIVTIRe@ERN
370, x-axis 372 represents frequen9¥ and y-axis 374 represents signal

anpl i t ud@rropGeRSIGNhE afterike frequg dSitrog signal 3¢6:+F161 bl.iis shovaragstiong he
frequency. i I 1 X I I ! .

fr equencélg%gl%%gtg% tﬁ&%ueﬁ%}?é’ a?‘iig‘? gésagsnﬁe}hé %)a;?}% th%r? %ﬁ%ﬁg@&%@%@w@ y band
378 af t ersightile 382,884An386 Acindr3§8 Aatpresent the 2% 8™ 3 Gind 5P dgrmorigs ofsebugdigiabr 326
al so upd s channel denodul atgr 330 when i} chapges th r ency of
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i ndi cat egrelgiiéhc§ 3R regtbiit@haited] INHEed Hariénic Sifhay38320 386A @nd 3982 b3 RAr dshe
frequency shift. Strong signal 346, FIG_ 11, is shown as strong _signal 376

after theignalsd8EhAPoBand 38R Aespspiely i digital datastream SR afier foldingaat Yiyavist3 46.
Har noni ¢ i P nd ggg " . h and
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f r equencileser tBarlfyqist frequenny §548imZhia esamhple Horvevef, sizqaled$2 yno3auper snafenes with
unchange I.nduced. har argo%féognal s 384A, 386A and 388A appear as

qche channel of interest

[0049]  As appreciated by those skilled in the art, harmonic signal frequencies of
strong signal 376 in frequency band 378 resulting from the A/D conversion process of A/D
converter 320 are calculated for a given frequency of dynamically controlled local oscillator 310.
Thus, enhanced radio receiver 300 operates with a dynamically controlled local oscillator
frequency such that interference from strong signal 376 in intermediate frequency band 378 is
minimized or removed, effectively increasing the spurious free dynamic range of digital data
stream 322,

[0050] FIG. 13 shows a flowchart illustrating one process 400 for controlling
enhanced radio receiver 300 to dynamically modify the frequency of dynamically controlled
local oscillator 310 of frequency translator 307 when harmonic signal interference 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.



signals 384B, 386B and 388B, respectively, in digital data stream 322 after
folding at Nyquist frequency 354. The induced 2d harnonic signal 382 is not
fol ded as Wi mesysa29ait a frequency |ower than Nyqui st freggenusgosdamdsssm t his
exanpl e. However, signal 382 no longer interferes with the channel of
interest (arrow 380). [0049] As appreciated by those skilled in the art,

har noni ¢ signal frequencies of strong signal 376 in frequency band 378
resulting fromthe A/ D conversion process of AAD converter 320 are

calcul ated for a given frequency of dy@ﬁgically controlled | ocal oscillator
310. Thus, enhanced radi o receiver 300 operates with a dynam cally
controlled local oscillator frequency such that interference from strong
signal 376 i nopssjer nHel @G@caﬁéu%éﬁﬁ&%e@%oﬁ?c&iéqﬁendﬂs%f@%ﬁg_s%hal(s?ﬁ@fé@t@d
effectively increasing the spurious free dynam'c range of digital data

st r eam 32pstey 4985Biocess @00 eantiveswithstep Alfbhart i |l ustrati ng one process 400

f |1 i O . ' 0 d i call. pfy.th
frequency of Wunn a3 B AcPBrPEdr FEmat et RaR aRy e At fihfes
transl at efith3eerfrefuencyeiraahante] selepted byl aiser, pescescd Ofcontinuss withgtepsilgnal 346 in

i nternedi ate _frequen&g; band 348 is predicted. Process 400 starts at step
402, andOthepyise paesss QPPW?F‘M’@IWCFFWM] Step 404 nonitors signal levels in

i nt er nedi at e ue ' i i .

[0082] 5t ap. 4lPRSAL® ilp BN Culcitites FEAPER1arch Mol KL IR BaBlBR 40P 40a,
process 4ih that bamoniessronm storgy signalé@@ssenttih digrtaldatgstmamsy22 40 ot mterferareih wi t h
step 404.. WD 20Q04/.075425, PCT/ US20Q4/ 003884 -10 [ 005 ep 408 cal cul ates

i nduced AR FEe t?%g’ﬁ@ﬁ'&’lugy‘f‘dsrer‘ f?c(?ﬁsg‘ﬁ) i°§H%\?‘te§£‘”“g‘e‘?48c‘&§éd in step 404.
Process 400 cmobénuesteytifsetd @ osktlititor[fabdicy D e fhchdency tAns@kdnSiredess fof a

har moni ¢ frequency calculated in step 408 coincides wth the frequency of a

A tep !
channel $Ens@tfEraueRey palpulated igstsp 842 andopdaser shanned detpedplatiopsaleytionspfher vi se
Process éﬂa‘i‘?&l%idoﬁﬂﬁﬁ) 95H ?rit’ﬁttﬁé)neﬁgﬂe &9%5§}oc§§s%0%&3thﬁx@éﬁrﬂh%ﬁioﬁ new
oscill ator frequency fror requency t?an lator 307 such that harnonics from
strong si gnal P0§7les&fiG. i1A shiows & Bowehattallustratigror@IRoatss 426t for erngroflimge wi t h

h | | L for. . . R 400 ' i th 414.
[o056] selpeeresnebeiire Hila Bhafiskif pogf R SneeracRPocld By bioandi 20 on

process entrolled local oscillator 310 of frequency translator 307 when harmonic signal interference

from strong signal 346 in intermediate frequency band 348 occurs. Process 420 starts at step 422,
and continues with step 424.

[0058]  Step 424 identifies potential frequencies that may, if a strong signal were
present, cause harmonic interference to a user selected channel. Process 420 continues with step
426.

[0059] Step 426 measures signal levels for frequencies identified in step 424. Process
420 continues with step 428.

[0060] Step 428 is a decision. If a strong signal is detected by step 426, process 420
continues with step 430; otherwise process 420 continues 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



t he new frequency calculated in step 412, and updates channel denodul ation
cal cul ati ons. of nnel denodul ator 330 with the new freq r s 400
conti nues W%"Og@i%%ﬁm_ [0057] FIG 14 shows a flowchart ?ﬁ&&@?@(@ﬁ%ﬁone
process 420 for controlling enhanced radio receiver 300 to dynamcally

nodi fy the oscillator frequency of dynamcally controlled |ocal oscillator
310 of frequency translator 307 when harnonic signal interference from
strong signal 346 in internediate frequency band 348 occurs. Process 420
starts at step 422, and continues w thllstep 424. [0058] Step 424 identifies

potential frequencies that may, if a strong signal were present, cause
harnmoni c interference to_a user selected channel. Process 420 continues with

step 428gn9lpdse]strang piznal G46dd6u  Dsreseiyerbly ¢nbigrged radip receivguMcintesferequith i f i ed
in step y Y i 1 tep 428. [0060] Step 428 is a

deci si On_&r%-?l?ergggﬁggﬁasegi%%ﬁgc?@%ﬁﬂg?gc nt(ta%esgy step 426, process 420 continues
wi th step 430[0064]herAltsagh theciesaipfiah albave comaias many kpesifitied 2these[sAOEA notecp
430 cal cul ates, a new frequen f dynami.cal |l y..control | ed |ocal cillator
330 Suchovmimed ISR s o erred put antry Dreylaife DoaGeaes obrarat Bt or £ or o
Wi th usepmpedifehi8 TS Ms+§shoad%%&nﬂﬁx@d 9 el dpp@riedciaing bifiPéis fegal 0062]
Step 432 updates dynami cally controlled |ocal oscillator 310 and channel
denodul aegrivaaos, wther thancbynthovexamenjescgiven cal cul ated in step 430. Process 420
continues with step 424. [0063] Processes 400 and 420 provi de two nethods
for dynam cally changing the frequency of dynamcally controlled | oca
oscillator 310 of frequency translator 307 when strong WO 2004/ 075425

PCT/ US2004/ 003884 -11 signals, (e.g. strong signal 346, FIG 11), received
by enhanced radio receiver 300 interfere with weaker signals on

user-sel ected channels of interest. [0064] Although the description above
contains many specificities, these should not be construed as limting the
scope hereof but as nmerely providing illustrations of sone of the

enbodi ments. Thus the scope shoul d be determ ned by the appended cl ai ns and
their legal equivalents, rather than by the exanples given WD 2004/ 075425
PCT/ US2004/ 003884



-12 CLAIM5 What is clainmed is: 1 1. An enhanced radi o receiver systemfor

reduci ng har %&Mﬂ&fsrfer ence 2 effects induced by anal Og'Pth:/ﬁgz%}/@}g(tN D)
conversion wthin one or nore selected 3 channels, conprising: 4 an

converter having a dynamcally controllable sanple rate, the AAD 5 converter
operable to generate a digital data stream by sanpling analog signals in a

6 frequency band at the dynamically controll able sanple rate to naintain the
Nyquist 7 criterion; and 8 a signal processor for processing the digital
data streamto control the sanple rate d#& the A/D converter such that
harmoni cs of a signal within the frequency band are outside the selected
channels. 2. A nethod for reducing harnonic interference effects within one
or nore selected channels of a freque d and i nduced by

anal og-t o- di gi tywhaiGoBMEESIi¢n, the nmethod conprising: dynamcally
controlling a sanple rate within an analog to digital conversion process
that generates a digital data stream from anal og signals in the frequency

band, tlhe Saerll.e rahg eﬁﬁa{}%gé)#aldﬁ%e§eq‘?£ s%s@é% f&rtrgélﬁgl%thal'rggﬁE iﬁth&‘gnctehe
frequency of an upper I''mt o e requency band;” and processing the

di gi t al2 datfiectd ihdadedtby aglelogsordipttal (A6D3 asrplesidnatiehis vadot hade seleagedoni cs of a
strong signal \e/Y'Fthi n the frequency band are outside the sel ected channels.

3. An ehhafbaegels£9mPriskgei ver system for reduci ng harnonic interference

ef fect s i nduced,px /1805081 PaviHeH &y%'amﬁc%llP)corﬁFHPM_ﬁl'é%Bxﬁﬁle%t%,ht'hélA%ﬁe or nore
selected channels, conprising:” ar analog circuitry stage having an out put

and an i npaenvederfapgrabéetotgensrete @i digitah dath stream ey spmpiling @pato@pigaals erma, t he
analog cirguitr t operable. to convert the first signal \,t0.a second
lanar ot " Etuenty BRES RORRABE St R P rag i bl e Wi nar “havi ng
a wavel engifarie@rah@spondi ng to a Radi o Frequency (RF) band that is
det ectabl e by the WD 2004/ 075425 PCT/ US2004/ 003884 -13
8 a signal processor for processing the digital data stream to control the sample rate
of the A/D converter such that harmonics of a signal within the frequency band are

outside the selected channels.

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

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, the
sample rate controlled such that it is at least twice the frequency of an upper limit of 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.

3. An enhanced radio receiver system for reducing harmonic interference
effects induced by analog-to-digital (A/D) conversion within one or more selected
channels, comprising:

an analog circuitry stage having an output and an input configured to receive a
first signal from an antenna, the analog circuitry stage operable to convert the first signal
to a second signal at the output of the analog circuitry stage, the first signal having a

wavelength corresponding to a Radio Frequency (RF) band that is detectable by the



antenna, the second signal having a wavel ength corresponding to an

I nt er medi at y (I F) band; front end circuitry incl |
omAREDS R e

analog circuitry stage, the front end circuitry coupled to't

analog circuitry stage and operable to receive the first signal and to
generate a third signal in the RF band; a frequency translator included in
the analog circuitry stage, the frequency translator coupled to the out put
of the analog circuitry stage and operable to translate the third signal in
the RF band to the second signal in the t1¥ band; a local oscillator (LO
included in the frequency translator, the LO operable to generate a fourth
signal in the IF band; a mxer included in the frequency translator, the

i xer coupl gflerin@, thé Secoh®Bilgn&Mving b avklehigth 3beespbRdihglo dnatefmxdateoper abl e to
m x the third signal in the RF band and the fourth signal in the IF band to

produce a firayensy ghabandavi ng both RF band and I F band conponents; a |ow
pass filter | nC't:f’@f?%n&Q érugtg)( Ienrcﬁlg%'cfgljcﬂeﬁec %nﬂﬁ?ﬁéi%ﬁ@asﬁ%%t@%%n?gﬁ8rct g, m xer,

the |ow pass filter oplé onents'6r vhe fifth
signal to ptoagledeo tHeligps &€ hiednslog vidduitry sthfecandropbrabld; to adteAveth€ DR Siprhiadr
coupled to the output of,g{:he ?nal og{Fci rgui try stage, the A/D converter
oper abl e t 0?&4AgeReTatna thisty fda fixed sanple rate to generate a

digital data sty f??cg?eﬁy Rdhs R vty dR if B aﬁélg%epaw E@%e'ﬁ é@gecgaeﬁéﬂna'

processor coupl ed e output of the A/'D converter n I'nput of the
LO, the si ginaislapreogdedio thpeutaht o theanglogeassitrystigeagd opdratdateetratsiagahe and

further opergble t.o c ol, the frequency. o e LO such that harnonics of
a strong si%_f'fgls‘gﬂflt'ﬂiﬂ??oﬁ{:h%nqtﬁ%eaﬁaorg#s ﬁ'r"stf‘%lh'hlfaﬁ >sel ected channels. 4. An
enhanced radi 0 r£Rei1E 8% ) iféludddah MelreiBRyaiansiafde, the DOPpeRbRAESSOr
conprises a sanple rate calculator for selecting the sanple rate by feedback

with the anginsgtaafoughgignalindldiepdr. 5. An enhanced radio receiver system
oo o PR TR B SRR s o Glpnel > 1o
circuitry and the LO, the mixer operable to mix the third signal in the RF band and the
fourth signal in the IF band to produce a fifth signal having both RF band and IF band
components;
a low pass filter included in the frequency translator and coupled to the mixer, the
low pass filter operable to reject the RF band components of the fifth signal to produce
the second signal in the IF band;
an A/D converter coupled to the output of the analog circuitry stage, the A/D
converter operable to sample the second signal at a fixed sample rate to generate a digital
data stream at an output of the A/D converter; and
a signal processor coupled to the output of the A/D converter and to an input of
the LO, the signal processor operable to process the digital data stream and further
operable to control the frequency of the LO such that harmonics of a strong signal within

the IF band are outside the selected channels.

4. An enhanced radio receiver system of claim 2, wherein the signal processor
comprises a sample rate calculator for selecting the sample rate by feedback with the analog to

digital converter.

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

inputting the selected channels to the signal processor.



6. An enhanced radi o receiver systemof claiml1, further conprising anal og
signal cirgu sel ecting the frequency band from rady k gnput
to the enha e%?lbzr//g{f%s receiver system 1 7. A nethod for ?%gﬂlgj}s%jgg)ﬁgsrs?rﬂni C
interference effects within one or nore selected 2 channels of a frequency
band and i nduced by anal og-to-digital conversion, conprising the steps 3
of: 4 dynamcally controlling a sanple rate within an analog to digital
conversion process that 5 generates a digital data stream from anal og
signals in the frequency band; and 6 proéessing the digital data streamto
determ ne the sanple rate such that harnonics of a 7 strong signal wthin
“the frequency band are outside the selected channels. 8. A nethod of claim
7, further conprisi - ' indhitalld o kiddae
frequency bang.g' 9. ﬁgbﬁg‘%f%?mg%cgl m%%éﬁﬂgﬁggunﬁ?ggﬁgﬁ?ﬂ%hst .egr;%{‘,a
nmeasur i ngcihgipfor séleahgithsfrequendy tend drooi mdiol stgnalsangut sayle wohangediepdiorgeeiyer

met hod of claim8, further conprising the step of selecting the sanple rate
in feedb&e™ith the analog to digital conversion process. 11. A nethod of
claim?7, further conprising the step of converting user inputs into the
sel ect ed channgl s. AZznetifodnfpt reducing harmaninifterferencerafectsovithin enaer mere seleetpd of

filtering radio signals wthin_ .the frequenc apd. 13. . An_ enhar j O
recei ver, CRasRpls Pgi‘%ﬁ‘l‘le&ﬁy "’r&a@ﬂ"i‘ﬂ‘cﬁ‘{l@{%ﬁ ogétéﬁ{i])%ﬁ? EPVRSIA G a*t}%&? réﬁ? %:[gﬂhjl y
controkl agte sanple rate, for generating a digital data streamfroma

frequency band of radio signals; a _channel denpdul ator. for denodul ati ng,one
or noré sel ect dyhasticablysbutroliingi penererate wihinen apalpg indigital eppyesgion prpggss tat

i ndicator for neasuging,si t ' iMqgtdiey baREYsNCY
band; and WO 2004/ Oﬁﬁ%%ﬂ%&a%gﬁ%g@gﬁangll%gg%ﬁ@g@g rat e }éallgﬂl ator for
controkling thprosessiigehe difiealidatafseerth tdetairtite thh canaplatatgsich thatihgimeagiics of a
Convert7er such that strho%rgrg})grr]llalcxgiﬂ% th% th'{lgr% bsaxllgarl]r%louys\ﬁdte%enseﬁerclz?edfcrhg&!ﬂﬁyCy band

8. A method of claim 7, further comprising the step of demodulating the channels
within the frequency band.

9. A method of claim 8, further compﬁsing the step of measuring signal strengths at

frequencies in the frequency band.

10. A method of claim 8, further comprising the step of selecting the sample rate in

feedback with the analog to digital conversion process.

11. A method of claim 7, further comprising the step of converting user inputs into

the selected channels.

12. A method of claim 7, further comprising the step of filtering radio signals within
the frequency band.

13.  An enhanced radio receiver, comprising:

an analog to digital converter having a dynamically controllable sample rate, for
generating a digital data stream from a frequency band of radio signals;

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

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



are outside the selected channels. 14. An enhanced radi o receiver systemfor
reduci ng hawgPibosotsaber f erence effects induced by anal og-tpefliggidodbossss
conversion within one or nore sel ected channels, conprising: a frequency
transl ator having a dynamcally controlled | ocal oscillator, for translating
radio signals to an internedi ate frequency band; and an analog to digital
converter for generating a digital data streamfromanalog signals in the

i nternedi ate frequency band; and a signal processor for processing the
digital data streamto control the frequéticy of the dynamcally controlled
| ocal oscillator such that harnonics of a strong signal wthin the

i nternedi ate frequency band are outside the selected channels. 15. An
enhanced radi 0a §2@gfé W cadiBitentod tortloHing thelsamiierasd iR féddBack Wittathephaleg &S OF
conprises a channel  denodul ator for denodul ating the channels within the
intermedi ate frequlgital comysater sugh theh harmenice efia stianesignakwitiya thesliequengydiand | ai m
15, wherein the sighabuRideteSeRtedcRimAelsSeS a signal Ievel indicator for
determ ning signal strengths at frequencies in the internediate frequency
band. 17. An ephanced radi o rgpeiver system of, cl ai m 15, whegein the signal

processor confti sedn sphagsed lefigirenever Brgtrahtey redyping harmaniq inferiewanee eHSHS t he
frequency;fhcddify a%qé I3 ?éiﬂaycon%’(@foﬁ%ﬁlﬁpoje% or®@8dididPdiafindly, cHREFRGACK W th
the frequency translator.” 18. An enhanced radi o recel ver system of Tl aim 14,
further conpriasfrequencsatsnstater haiving atdyhamicallecanérbiiest lochl obciliatet, forttmnslhtingsi gnal
processor. 19. An engﬁnced Qadio recgivqi Séit%nugf | ai m 14, further

conpri sing anal og S aﬂgna@i?&mn[twe 13fe Tegneiey Ié frequency band from
radi o signals inuidlogtte digial esniveris €et geﬂ&hﬁndg@@igitmrata shiah €om &dloghighatdind for
reduci ng harnmonic interference effects induced by analog-to-digita
conversi on within dheimermegiate Gequeneydundif@dnel s of an input frequency band,
conprising the, o : = g%rﬂ'] i qﬁgjl I
controlled | oc%flg%ag@ﬁclg%sf) B]FO}?HC%%/Sn a ?@g{&%iedr%%;}h% %gh%?&gﬁ%%ﬁ%pr cée}g O?Hiaet
gener at es an i nt er nuamically centrodled Jochbosdillatog seth thatdarmaeraeki of astrgngsigndln t he

I nput frequency banvgfthi% Qﬁje intermediate frequency band are outside the selected channels.

15.  An enhanced radio receiver system of claim 14, wherein the signal processor
comprises a channel demodulator for demodulating the channels within the intermediate

frequency band.

16.  An enhanced radio receiver system of claim 15, wherein the signal processor
comprises a signal level indicator for determining signal strengths at frequencies in the

intermediate frequency band.

17.  An enhanced radio receiver system of claim 15, wherein the signal processor
comprises an oscillator frequency calculator for selecting the frequency of the dynamically

controlled local oscillator by feedback with the frequency translator.

18.  An enhanced radio receiver system of claim 14, further comprising means for

inputting the selected channels to the signal processor .

19.  An enhanced radio receiver system of claim 14, further comprising analog signal
circuitry for selecting the frequency band from radio signals input to the enhanced radio receiver

system.

20. A method for reducing harmonic interference effects induced by analog-to-digital
conversion within one or more selected channels of an input frequency band, comprising the

steps of:



processing the digital data streamto determ ne the frequency of the

dynam cally <controlled local oscillator such that harnonics of a strong
signal within the input frequency band are outside the sel ected channels.
21. A nmethod of claim 20, further conprising the step of denodul ating the
channels wthin the frequency band. 22. A nethod of claim 21, further
conprising the step of neasuring signal strengths of frequencies in the

i nternedi ate frequency band. 23. A nethod of claim?21, further conprising
the step of selecting the frequency of -téhe dynamically controlled | ocal
oscillator in feedback with the frequency translation process. 24. A nethod
of claim 20, further conprising the step of converting user inputs into the
sel ect ed channdsnsmi@Hy céntradligaldymemidadly vommlled locehescillatorrithin snFequeacyst ep of

filteri dio signals.of the f band. i
ecotver . compri oi MR PRt SHE L TARAn A df oo SRal RARREER £ ©

control | abl e | ocal ﬁaﬁisﬁéﬁts%tﬁeriﬁ;ﬂmﬁa@%ncithnd;%axgiener ating an internedi ate
frequency band signal from an ingut frequency b&nd of 4 radio.,signals; 5 an

Al D converter Prasessing e digifa) datastream ordeismminedhe reqieaecf thefgemictll (o a
digital data 6 str il 5%!5911, f RirRronibs 8f £ HARBIndeRRIH kiRt igpuif or
denodul ati ng one or&%o%gédslgféagt&ggatc annaas W tﬁllﬁ t he fgrnequency bla%%; 9 a
signal |evel indicafrequeheybamdasunitside the spledtedsehanmelg. hs of frequencies in the
internediate 10 frequency band; and 11 a frequency cal cul ator for

control l'ing theg dynamy t sin@ e dtdpPrAembd lﬁﬁx?glﬂigeﬁéﬁniel@

f eedback with the f%e@qé&gdr#c%/h?a?lgr%??gﬁgégg@% 1tn%at hgra&rmnfncsuof a 13 strong
si gnal w within thérfrequeagubacly band are outside the sel ected channels. 1

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

of frequencies in the intermediate frequency band.

23. A method of claim 21, further comprising the step of selecting the frequency of

the dynamically controlled local oscillator in feedback with the frequency translation process.

24. A method of claim 20, further comprising the step of converting user inputs into

the selected channels.

25. A method of claim 20, further comprising the step of filtering radio signals of the

frequency band.

1 26.  An enhanced radio receiver, comprising:

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

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

7 a channel demodulator for demodulating one or more selected channels within the

8 frequency band,;

9 a signal level indicator for measuring signal strengths of frequencies in the intermediate
10 frequency band; and
11 a frequency calculator for controlling the dynamically controlled local oscillator
12 frequency in feedback with the frequency translator such that harmonics of a

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





