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~enabling broadcasters to supply digital quality audio to their present base of listeners.
Several IBOC DAB approaches have been suggested. '

EM DAB systems have been the subject of several United States patents

15 including U.S. Patents No. 6,259,893; 6,178,317; 6,108,810; 5,949,796; 5,465,396;

5,315,583; 5,278,844 and 5,278,826. One FM IBOC DAB system uses a composite signal

that includes orthogonal frequency division multiplexed (OFDM) subcarriers in the region

from about 129 kHz to 199 kHz away from the FM center frequency, both above and below

‘the spectrum occupied by an analog modulated host FM carrier. Some IBOC options (e.g.,

20 the All-Digital option) permit subcarriers starting as close as 100 kHz away from the center
frequency.

The digital portion of the DAB signal is subject to interference, for example,

by first-adjacent FM signals or by host signals in Hybrid IBOC DAB systems. The FM

Digital Audio Broadcasting signal is designed to tolerate inferference in a number of ways.

25 Most significantly, the digital information is transmitted on both lower and upper sidebands.

| The digital sidebands extend out to nearly 200 kHz from the center camier frequency.

Therefore an intermediate frequency (IF) filter in a typical FM receiver must have a flat

bandwidth of at least + 400 kHz. One proposed First Adjacent Canceller (FAC) technique

_ requires an approximately flat response out to about + 275 kHz from the center for effective

30 suppression of a first adjacent signal. ‘This would nommally require an IF filter with a flat




Therefore an internmediate frequency (IF) filter in a typy E cei ver
must have a flat bandwi dth of at |least f 400 kHz. One B#%&)Osbglc\édlélgrst

Adj acent Canceller (FAC) technique requires an approximtely flat response
out to flAMiesH’> kHz fromthe center for effective 3@ @gw{z?ﬁsi on of a
first adjacent signal. This would normally require an TEFPE8r with a flat
-------- - ------- 31 Cctober 2006 WD 031094350 PCT/ US03/12218 2

bandw dt h of at |east 550 kHz. A first adjacent cancellation technique is
disclosed in United States Patent Np. 6,259,893, which is hereby

I ncorporated by reference. DAB systens utilize a specially designed forward
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15 area. This can present a problem for the IF portion of the receiver where dynamic rangs is

‘limited. The IF is where the IBOC DAB signal is converted from analog to digital. The

sample rate and number of effective bits in the analog-to-digital (A/D) converter limit the

dynamic range of the IF section.
A B-bit A/D converter has a theoretical instantaneous dynamic range of about
20 (1.76+6*B) dB (maximum sinewave to noise ratio in its Nyquist bandwidth). For this
discussion, assume that a practical A/D converter has a dynamic range of 6 dB per bit of
resolution. Oversampling of the signal of interest can improve the effective dynamic range
by spreading the quantizatioﬁ noise over the larger Nyquist bandwidth of the A/D. The effect
is to increase the dynamic range by one bit for each quadrupling of the sample rate. On the
- 25 other hand, some headroom must be allowed in the A/D sampling to control clipping to an

acceptable level,

As a practical IBOC DAB example, assume an 8-bit A/D with 48 dB
instantaneous dynamic range in its Nyquist bandwidth. Further assume a headroom of 12 dB
peak-fo-average ratio in the AGC, and another 10 dB of margin for fading and AGC “slop”.

- 30 An oversampling ratio of 256 can increase the effective dynamic range in the signal

bandwidth by 12 dB (in effect canceling the A/D headroom loss). Then the effective IF
dynamic range in the JBOC signal bandwidth would be about 48 dB minus the 10 dB margin
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to approach this problem is to provide a set of selectable filters having different passbands for
IF filtering prior to the A/D/converter.
Although the use of multiple filters may provide a good technical solution, the
cost of the receiver is increased by the additional filters and switches. Also the accuracy of
the filters may have an effect on cost.
There is a need for an improved method of minimizing the effects of first

adjacent interference in IBOC DAB signals.
' SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a
method of receiving an FM digital audio broadcasting signal including a first plurality of
subcarriers in an upper sideband of a radio channel and a second plurality of subcarriers in
a lower sideband of the radio channel, the method comprising the steps of: mixing the
digital audio broadcasting signal with a local oscillator signal to produce an intermediate
frequency signal; passing the intermediate frequency signal through a bandpass filter to
produce a filtered signal; converting the filtered signal to a digital signal; converting the
digital signal to upper and lower baseband signals; comparing the upper and lower

baseband signals by determining if the power of the upper sideband signal exceeds. the
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second predetermined factor, selecting a frequency offset based on the comparison, and

applying the frequency offset to the loca! oscillator signal to change the frequency of the

intermediate frequency signal such that the filter removes the subcarriers in the upper or

lower sideband that has been corrupted; and means for processing the filtered signal to

produce an output signal.
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channel. The Power Spectral Density (PSD) of a typical analog FM broadcast signal is nearly
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interferer 24 centered 200 kHz above the center of signal 10, and having an analog modulated
signal 26 and a plurality of digitally modulated subcarriers in sidebands 28 and 30, that are at
a level of about -6 dB relative to the signal of interest (the digitally modulated subcarriers of
signal 10). Figure 2 shows that the DAB upper sideband 18 is corrupted by the analog
20 modulated signal in the first adjacent interferer.
Figure 3 is a schematic representation of an interference scenario with a
second adjacent signal 32 centered 400 kHz above the center of the signal of interest, and at
+20 dB with respect to the signal of interest. The second adjacent signal includes an analog

modulated signal 34 and a plurality of digitally modulated subcarriers in a lower sideband 36.

25 The upper sideband of the second adjacent signal is not shown in this Figure.

Figure 4 is a block diagram of a receiver 100 constructed in accordance with
the invention. Antenna 102 serves as a means for receiving an in-band on-channel digital
andio broadcast signal inbluding a signal of interest in the form of an analog modulated FM
carrier.and a plurality of OFDM digitally modulated subcarrieré located in upper and lower

30 sidebands with respect to the analog modulated FM carrier. The receiver includes a front end
- circuit 104 that is constructed in accordance with well known techniques. The signal on line
106 from the front end is mixed in mixer 108 with a sigtial on line 110 from a local oscillator
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DAB st erider de:n@imhoﬁ;rmh fipper mheﬁslmai@ @réddniisdeor ﬁibgemabnt @f@eésingnded as
shown in bl ock to produce a blended audio.si on. li é’;lglgg 20 To
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fset control “estimates the relative powers in the upper and ['ower DAB
si debands ling b3 is then delayed s ahown in block 154 so that the DAB stereo signal on line 156 is

' synchronized with the sampled analog FM stereo signal on line 132. Then the DAB stereo

signal and the sampled analog FM stereo signal are blended as shown in block 158, to

aﬁ?q ber P

p.

produce a blended audio signal on line 160,
20 - To remove adjacent charmel interference, receivers constructed in accordance
with this invention include a frequency offset control 162. The frequency offset control
estimates the relative powers in the upper and lower DAB sidebands, and then makes a
decision as to whether to invoke a frequency offset in the tunable local oscillator. The offset,
if any, is applied to the tunable local oscillator as shown by line 164 and the negative of this

- 25 offset is applied to the digital down converter as shown by line 166.
Figure 5 shows an example of the implementation of the frequency offset
control 162. The input signals on lines 126 and 128 are the upper and lower DAB sidebands
out of the isolation filters 122.

The frequency offset conirol uses a squaring atnd lowpass filtering (LPF)
30 | technique to measure the relative powers of the inputs. The upper DAB sideband signal on
line 126 is squared as illustrated in block 168 and low pass filtered as illustrated in block 170
to produce a filtered upper sideband signal U on ling 172. The lowet DAB sideband signal




decision as to whether to invoke a frequency offset in t%q%tt a%ﬂog | ocal
oscillator. The offset, if any, is applied to the tunab TOEat dsci | | at or
as shown by line 164 and the negative of this 25 offset is applied to the
di gi t al w@an verter as shown by |ine 166. Figure exanpl e of

t he i npl errenit)g?inon of the frequency offset control ?@H@ﬁ%ﬁ?nput signal s
on lines 126 and 128 are the upper and | ower DAB sidebands out of the
isolation filters 122. The frequency of fset control uses a squaring and

| owpass filtering (LPF) 30 technique’to nmeasure the relative powers of the
I nputs. The upper DAB sideband signal on |line 126 is squared as
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I n bl ock roduce a filtered upper sideband signal L on |line 178.
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filtere ngﬁzr si deband si gnal power, the frequency offset is set to -100

kHz. |f 4 | Hicthe diltgisd appei ahicm@xabn@werpw@ﬁ thag 1089 dimen de Altamesl ¢ i nes

t filt
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of the invention applies a frequency offset to the local oscillator,

t her eby t@‘?ﬁ‘ﬂ@@\f‘@t&oﬁéﬂ nt er medi ate frequency signal such that the ski rt of
- the IF filter t r@pideat e
RS A hou o HRREAER A of ShSRIEn APHIRS rofindy SHRAPRS BPTdc

oscillator, thereby changing the intermediate frequency signal such that the skirt of the IF

filter 116 suppresses the second adjacent on the appropriate sideband. Although this
effectively places the second adjacent interferer in the stop band of the IF filter, the resulting
frequency offset for subsequent signal processing may be undesirable. The frequency offset
20 can be removed by offseiting the detuning in the digital frequency tracking after the down
conversion process by the same (negative) frequency offset. A digital numerically controlled
oscillator is already present in the previous receiver designs, so no additional hardware cost
would be incurred in the receiver. Although the offset IF tuning allows a wider bandwidth on
the “good” sideband, it is unlikely this will result in a dynamic range problem. This is
25 because the likelihood of very strong second adjacent signals on both. sides of the signal of
interest simultaneously is very smail. The IBOC DAB receiver would detect the presence of

a large second adjacent interferer, and then provide the appropriate IF filtering.
The presence of a large interferer can be detected by measuring the level of the
desired signal. If the level is significantly below the level expected to be set by the automatic
30 gain lcontrol, then a large interferer is likely. It is very unlikely that the large interferer is a
first adjacent signal due to intentional geographic protection. A very large first adjacent
signal (-20 dB D/U or worse) would be unrecoverable anyway. Third adjacent interferers




effectively places the second adjacent interferer in th%1§%&%eﬁﬁﬂg of the
IF filter, the resulting frequency offset for subsequent ST gnal processing
may be undesirable. The frequency offset 20 can be renoved by offsetting
the detwoaigdgodssy the digital frequency tracking afterlﬁﬁﬁmﬁﬁ, 8 conver si on
process by the sane (negative) frequency offset. A digital numnerically
controlled oscillator is already present in the previous receiver designs,
so no additional hardware cost woulgd be incurred in the receiver. Although
the offset IF tuning allows a wi der bandwi dth on the "good" sideband, it

is unlikely.thi il result, in dynam ¢ .r e problem, This is 25 because
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- wor se) Mdzincthdsppudpriateodietiidnl while thevdigital Wehr sicildionmdihick 10 BrofRetdrys1081 COct ober
2006 03/ Q94350 .PCT/ US03/ 12218 8 yld _be oyt of the filter. passband.
So t hevﬁ% Jetherpepsiter direciion %@ﬁ}%&&mr&gﬁ@gﬁ%@oﬁwﬂ Pyl e theiglect | on
aIgorit@ﬂhg&ﬁ“gﬁﬁggjﬂgggsgﬂﬁ§£ﬁﬁg of a |arge power of the second .

adj acent's digital sideband. This detection algorithmwould also determ ne

videt her t he | ar g&Vhilethe pfesanbinvéngion has hege dessrib¢domderms £ whrd ibiligeedat si gnal .
A frequen f.f | 4 Sy | 4 LS O:.Cr. : At iltering
and posaritBirs T pERRkl SRR plBot u B AP kBl o BRI R e |

fal se det thet vavious Todiicativnk tothe gisglosd ent®tiimeptssmiyie: haieatitosicddphaingr 112 to
det une 00 k in the approprjate direction while the digital |oca

osci | | a&‘é’f‘%t?er?c?ﬂeg%ﬁhei’%e’%“gn *E@@B&Fﬁﬂwen%qzc?ms't he opposite direction
such that the resulting digital signal output fromthe digital down
converter still appears at baseband. 10 Wiile the present invention has
been described in ternms of what is believed at present to be the preferred
enbodi ments thereof, it wll be appreciated by those skilled in the art

that various nodifications to the disclosed enbodi nents nay be made w t hout
departing




fromthe scope of the invention as set forth in the app l.alos. 31
Cctober 2006 9 CLAIMS: 1. A nethod of receiving an FN|§?Q%EB%7§HQFO
broadcasting signal including a first plurality of subcarriers in an upper
si deband of a radio channel and a second plurality of subcarriers in a

| ower sideband of the radio channfl, the nethod conprising the steps of

m Xi n 5h§‘digital audi o broadcasting signal with a local oscillator signa
to E e an internedi ate frequency signal; passing the internediate

frequency signgl thaoyeiod JPaBAPASS ah IEMI &igilaP B0 Wi6RIcadding i didnl €d si gnal
converting the filtered signal to a digital signal; converting the digital
si gnirludngup fest phality eherboprisshimer PR sidsbandcip eadinghanpel adper and [ ower
base O Sf i | T r PREmShgeband signa
exce%ggﬁ% Ee pg%\ér t%?éaﬁegg :@)\%e@qzs?l} %‘%g%ﬁlg @?g{ﬁgﬁﬁéy&g& i {rﬁgtm%lrl&elget erm ned
f act oxmpaisthedbe gepsiofii ng i f the power of the |ower sideband signal exceeds

the power of the.upper. sidehand sjignal by .a .secon r.edet er mpned factor;
seleting a froihs tishel AR oRlcORE sibie Sy ReE B SR SR e
f r egpredue aafifiteicediace fidyaetogeipinal r equency oscillator signal to change the

frequency of the.intetrnedi ate frequenc i | . such at._t he bandpass
1l Tor ) ooy el HEE (PRI Ao HaTL Bste: b Paiiows Ag: DBTAHEE { hat has
beena R&edfibRd. 2. The nethod of claim 1, wherein the step of conparing the

upper and [ ower baseband signals further conprises the steps of squaring
each of the uppuvering theohlisrehsiget dpa digightigaalt o produce a squared upper

si deband si gnaéon@gi.qngth?o raog%}{aq)ygedp{plgﬁi&gqmbggeg%%%ljéislteri ng the squared

upper sideband signa ce a tered upper eband signal; and
filtering the swmmariag theowener sind dbaerdbaselymd | signalspryo deteemiaingi if ey ed | ower
S| de}?o ne(lj‘ o%iﬂ%nl?plpEr sideband signal exceeds the power of the lower sideband signal by a
first predetermined factor and determining if the power of the lower sideband signal
exceeds the power of the upper sideband signal by a second predetermined factor;

selecting a frequency offset based on the comparison; and

applying the frequency offset to the local frequency oscillator signal to
change the frequency of the intermediate frequency signal such that the bandpass filter
removes the subcarriers in the upper or lower sideband that has been corrupted.

2. The method of claim 1, wherein the step of comparing the upper
and lower baseband signals further comprises the steps of:

squaring each of the upper and lower baseband signals to produce a squared
upper sideband signal and a squared lower sideband signal;

filtering the squared upper sideband signal to produce a filtered upper
sideband signal; and

filtering the squared lower sideband signal to produce a filtered lower

sideband signal.




31 Cctober 2006 10 3. The nmethod of claim1, wherein egg ct%er%ﬁ first and
second predetermned factors is 1000. 4. The method of clarm I, Turther
conprising the step of: renoving the frequency offset fromthe baseband
signal. 5. The nmethod of claim4, wherein the step of renoving the
frequency offset fromthe baseband signal conprises the step of applying a
negative frequency offset to a dilgjital down converter. 6. The nethod of

claimi, wherejn the,FMeiodi drakiaidbqi %@fegafé&a%f,% fiftk UA! scOEUPI es a
bandw dt h of about 400 kHz; the upper sideband |ies between about +100 kHz

and prodeterioiped dictarhiis 108@nt er of the channel; and the | ower sideband lies

bet ween about £ 100 ’hﬁ%n&ﬂ f%PQmH %rct Hl ASEDHE e off, t he channel. 7. A
di gita aua g) grga%c

recei ver for receiving an I CYLN ‘ng signal including a
first plurali trgmofing thedeaquerey sifsat fioem thppeebaiddanalnd of a radi o channel and

a second plurality.of b i.ers in a |ower sideband of a radio channel,

the receiver 5‘(E:lorrprﬁllxbse’lrﬁ%ﬂ"(goafrrf'lrl:3?161‘r ,Wh}?remtlg?\é%ppﬁlgnﬁylgg?im é%ﬁ?‘"’é’ br oadcasti ng
si gnsfsefrédh e assbahd sigml corhpises thes@pal: t o produce an internedi ate frequency
signal; a filter for filtering the_ | nternediate frequency signal to produce

afiltered sidRYME giegpiaedieqhency affect {4 dighaldeMnicARertRle filtered signal to

adigital signal, ORNM&Rsd HL1tiRel, HididiPthe NG ABital SdUPRBLIAAM ! Over
baseband signals, conparing the upper and |ower baseband signals by
det esigizhpqeupips a bandwishhet abept 408&Happer si deband signal exceeds the power of

the | ower sidegp iﬁg&@ andi LSt d ' fagt det er m ni ng
if the power o?lﬂ?%% O\A/l‘ér}é)}s{?sg%f‘rbtg% asﬂl%g(glﬁafé(gygée%gg %t%g kg%zwegf?ﬁlgf t he upper
si deisatedoishgetmhndlyand second predeterm ned factor, selecting a frequency

oL 22520 .08 ALy B8ROy g LREURRELRI 21 to the

of the channel.

7. A receiver for receiving an FM digital audio broadcasting signal
including a first plurality of subcarriers in an upper sideband of a radio channel and a
second plurality of subcarriers in a lower sideband of a radio channel, the receiver
comprising:

a mixer for mixing the digital audio broadcasting signal with a local
oscillator signal to produce an intermediate frequency signal;
' a filter for filtering the intermediate frequency signal to produce a filtered
signal;

processing means for converting the filtered signal to a digital signal,
converting the digital signal to upper and lower baseband signals, comparing the upper and
lower baseband signals by determining if the power of the upper sideband signal exceeds

. the power of the lower sideband signal by a first predetermined factor and determining if

the power of the lower sideband signal exceeds the power of the upper sideband signal by a
second predetermined factor, selecting a frequency offset based on the comparison, and
applying the frequency offset to the local oscillator signal to change the frequency of the
intermediate frequency signal such that the filter removes the subcarriers in the upper or

lower sideband that has been corrupted; and




i nternedi ate frequency signal such that the filter rennggécgge agﬁcarriers
in the upper or |ower sideband that has been corrupted] an fgf t ober
2006 11 neans for processing the filtered signal to produce an out put
signal. 8. The receiver of claim?7, wherein the processing nmeans conpri ses:
an analog to digital converter for converting the filtered signal to a
digital signal; and a down convélter for converting the digital signal to

upper and | 0WefeonDR3 SRASIHIBORSed Sgnal PnbBRE i Blipligblipi M 8, wherein the

processing means conprises:” neans _squaring an ITtering each of the
upper and | owed: basBisaengivesoiiplaim 1, ovhpreguthe progessing mernmscconppiess: baseband

signal and a fjl I r d._sigpal ; an or pr.gduci ng a
first frequenc%gl Jggf?gg d%\{@n%o?‘%\s}\%g?&ﬁ%v%n fljteﬁlﬂ%regfmgn?#é) %fhg{tgeir ed upper
basehanl asd gnal exceeds the magnitude of the filtered | ower baseband
signal by a first predeterm ned facto t .produci ng a second frequency
of fset si gnal ‘Mﬁ%‘ﬁg °Pﬂ‘é6“ﬁﬁg]?ﬁ tURyErge Lﬁﬁcé)h&"i%[ P’@P@dtol WRREY aﬁ‘i@%‘ﬁ?{nd si gnal
excanshahdsgimgni tude of the filtered upper baseband signal by a second

predeterm ned factor. 10, The receiver of claim9, further conprising:
neans for appl%i ng Heregier olclam & wergin the propessing mear COBWHHS: f r equency

of fset signal §udQs heslaMhl SR YREEE each of the upper and lower baseband

signal to produce a filtered upper baseband signal and a filtered lower baseband signal; and

means for producing a first frequency offset signal when the magnitude of
the filtered upper baseband signal exceeds the magnitude of the filtered lower baseband
signal by a first predetermined factor or producing a second frequency offset signal when
the magnitude of the filtered lower baseband signal exceeds the magnitude of the filtered
upper baseband signal by a second predetermined factor.

10.  The receiver of claim 9, further comprising;

means for applying a negative of onc¢ of the first and second frequency

offset signals to the down converter.




