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nmust have fl idth of at least 400 kHz. One proposed First
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FM 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 interference 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 carrier 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 normally require an IF filter with a flat
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a practical .| BOG, DAR exambl Gie BB S Siallid oilvarid S 88 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 quantization 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-to-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 IBOC signal bandwidth would be about 48 dB minus the 10 dB margin
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i nproved net hod m nimzing the effects of first ) .
out that sideband prior to conversion. Filtering out the large second adjacent signal will

restore the effective dynamic range eliminating the need for more bits of resolution. One way
to approach this problem is to provide a set of selectable filters having different passbands for
20 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

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

This invention provides 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

30 method comprises 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, determining if one of



25 adjacent interference in |IBOC DAB signals. SUMVARY OF THE | NVENTI ON Thi s
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic representation of a hybrid FM DAB spectrum;

Figure 2 is a schematic representation of an interference scenario showing a
first adjacent signal at -6 dB relative to the signal of interest;
20 Figure 3 is a schematic representation of an interference scenario with a
second adjacent signal at +20 dB relative to the signal of interest;
Figure 4 is a functional block diagram of a receiver constructed in accordance
with the invention; and
Figure 5, is a functional block diagram of the frequency offset control of the
25 receiver of Figure 4.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, Figure 1 is a schematic representation of the

frequency allocations (spectral placement) and relative power spectral density of the signal
components for a hybrid FM IBOC DAB signal 10. The hybrid format includes the
30 conventional FM stereo analog signal 12 having a power spectral density represented by the
triangular shape 14 positioned in a center, or central, frequency band 16 portion of the

channel. The Power Spectral Density (PSD) of a typical analog FM broadcast signal is nearly



Figure 4 is a functional block diagramof a receiver constructed in
accordance wth the invention; and Figure 5 is a functional block diagram
of the frwquenessoffset control of the 25 receiver of Fi @urasa3/1DESTAI LED
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modul at ed ;SUBCAL 54 E4%er8d 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
audio broadcast signal inéluding a signal of interest in the form of an analog modulated FM
carrier and a plurality of OFDM digitally modulated subcarriers 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 signal on line 110 from a local oscillator



signal 10). Figure 2 shows that the DAB upper sideband 18 is corrupted by
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produce a blended audio signal on line 160.

20 To remove adjacent channel 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 and 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 line 172. The lower DAB sideband signal



on line 152 is then del ayed as shown in block 154 so that the DAB stereo
signal on line 156 is synchronized wth the sanpl ed anal og FM stereo

si gnal orwbDion@9@B3®2. Then the DAB stereo signal and the saoplusdy/anas og FM
stereo signal are blended as shown in block 158, to produce a bl ended
audi o signal on line 160. 20 To renove adj acent channel interference,
receivers constructed in accordance wth this invention include a
frequency offset control 162. The frequeﬁ%y of fset control estimates the

relative powers in the upper and |ower DAB sidebands, and then makes a
deci si on am lime 1¥8eis lsguared as iHinokated irf bloguéid gndidve passi fiter¢rbas Winstted nodlack

e shown 1761t RE5eHs Scrne-hulvt gk BB B Fy i R R b ARG B '

di gital doymprasssitieratss GiRWRNRY cdnkst dibe ofdguf endseebadys an exanpl e of
t he i npl erren?atl on of the frequency offset control 162. The jnput signals

on lines 126 and 128The Gequeacyipffset Al thewdetenpiBed ibyetoampising she fiferedripper

isolation fiJlters 122 .T fr t. u ar 4
| oophss 1 dPRRE stERm U BRI SAR nSARHE TR 0F RanfieCEe B8 Aeq
i nputs. Thg)pbhpﬁiﬂébﬁﬁﬁaigia(ﬂ@@md iseegart ton 1000ngmeL e filiaqddower sideband signal

e

illustrat in block 168 and | ow pass filtered as illustrated. in bl ock 170
t o producePosverthe @ieéﬂleWb’r?épfse%iScfébgrﬂé)osl?}&na]if the g‘ﬁeqefi A%W‘irﬁ‘?ébf‘ﬁ@ S1EBHhOTARS

si deband sj ; j | edsc2%o

1 Vst rat 908 GCLI0 FE0RE TS mRel e g Sy Al BHRHEEIA% 76
to produce1@0 kidzt elfetle s sprdelsainbhmsl ggmll powen id lase tHng] 00Dhembo thep@léged
G e T TR R SR
conmparing tgrﬁgs frle! f18ES ugﬁﬁeé'ideb%.n@@%nhpﬁ@\ﬁels icteDBBELcRb Y R PRVRE tRSero. The
illustrated in block 180. For exanple, if fhe filtered upper si deband

si gnal poweethod for estetbdishinpahe valoe of iAfasvalies thrdshelde @nd delerasisdsshawnsnghal

, the f f i . 0 ol fil .
POt LRSI O e L Sk S0 o L E LT s

si deband sthgbghstRRwRlof Afhe frequency offset is set to -100 kHz. |f the
filtered upper sideband signal power is less than 1000 tines the filtere?
10 ldwer sideband signaimplswentationf theeinveniey applics efeqicaeh aHectdp fhaloca

Poner 1 g3l b Be800oh B! DL B SRR SRATF bl B
val ue of Qhitdrnvid vepprediee sholsdsondnadjheat eneties agmopiiatarsidebandie 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 offsetting 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 small. 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 \control, 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



exanple of Figure 5. The hysteresis used in setting thresholds prevents
frequent changes in the adjustnents of O . 15 One inplenentation of the
i nventi orwappldsso a frequency offset to the | ocal oscill @Cerusoyiieby
changi ng the internmedi ate frequency signal such that the skirt of the IF
filter 116 suppresses the second adjacent on the appropriate sideband.

Al though this effectively places the segond adjacent interferer in the
stop band of the IF filter, the resulting frequency offset for subsequent
signal pr ' ' | eqoTi i P8Gecond
renmoved b‘;&&gﬁ fslgé;tg PI”% ﬂ?fg%glg? Egr?.f’%gi. rslottﬁg lgﬁrggﬁtﬂ %Pﬁﬁrg%u%ﬁgl;&ﬁﬁgsi ng after
t he down adjsveuer S\ deteptiarc alpprithm tche dstece thenpgstrice ¥t 4 laguenwyr of tlesecond

digital nuperical]y caontrolled. oscillator. . is_ al d resent .in the

or evi ous' Hstent s daabpgrtunds Shissiatipe AsAHitonaPalERcy fEERslppliel g8 1se
incurred i - ' t fggtall A HeRhdidy dffseeontrolbighal i
bandwi dt h*ngbﬁff’?ffh%%?@?ﬁﬁ s &ieggﬁg’?dﬁlaﬁﬁcgﬁtﬁ%akm it Will result gl s
dynéni c reanged pfieddpprapribts §ltéringamd pessilly dystaresisionghe rddy eanterfarepcaspevpeigo

second adj acent. .signals on,both. sides .of th Len Fiqael NI
si mul t aneBfGEem; fse 8‘%‘?910 r]IIIJS cgﬂﬁré)ﬁ PSR ! R%lcfse@%i \f%ir O%bﬁté{nlc}gttg?%m?ﬁgy 100
presence piffy i@th%%F?@pﬁ@@mca@ﬂ RBROthei AEiRN i@APscilRst ihbesvka20us offsdt bg 100
ering. The presence of a large interferer can \%gdigigal
I

appropriate IF fi ~ Th ) >
det ect ed bz e dkw ppprsite directiom suchs thehthe 1ganlfipg digiag signal pytpygomg
significantly bel gw t I I ed to be set by the automatic 30 gain
control, g%‘gﬁc%{lvleg[%%ﬁﬁﬁpg%{r%&tgﬁrg&?%ﬁil ikely. It is very unlikely that the

| arge interferer i sWhifdthspreaeitacention haylsdendisecribediin termsiod mdlat ettt c
protection. A very large first adjacent i.gn (-20 dB D/ U or S uld
be unr ecopwEpeiebapmGiered iemoé]&}eéégéh?rePgt“e‘?’ﬁllel?ee?@r‘?ﬂﬁlt?fgﬁ’b §p58 SN
PCT/ US03/ 12418 Vaﬁoﬂgjlgxbgifﬁgti&ﬁtto%e &igﬁogéél! driffodRReRL AN be%ﬂa&éI%ith&it%Rarting
interferer i's assuned to be a secon adj acent. A det'ection algorithm can
det ect t h&oprtasetupe ofthesinvantipa apsatefortinin thheppendeddlaimsj acent' s di gi t al

si deband. This detection algorithmwould al so determ ne whether the |arge
interferer is an upper or |ower second adjacent signal. A frequency offset
control signal is 5 created after appropriate filtering and possibly
hysteresis on the relative interference power to prevent fal se detection.
This control signal instructs the local oscillator 112 to detune by 100

kHz in the appropriate direction while the digital local oscillator in

bl ock 120 is offset by 100 kHz in the opposite direction such that the
resulting digital signal output fromthe digital down converter still
appears at baseband.



10 While the present invention has been described in terns of what is
believed at present to be the preferred enbodi nents thereof, it will be
appr eci atwo obpo43bose skilled in the art that various nodiPCirasns/assto the
di scl osed enbodi nents may be nade wi t hout departing fromthe scope of the
invention as set forth in the appended cl ainms. WO 03/094350 PCT/ US03/ 12218
9 What is clained is: 1. A nethod of geceiving an FM digital audio
broadcasting signal including a first plurality of subcarriers in an upper
sidebagﬁwgt ﬁ radi.o channel and a second plurality of subcarriers in a

| ower [sp=\[on ¥he radi o channel, the nmethod conprising the steps of:
m xing the digital aud{ anbhe@dFasdckivtheSiagnBM \Hidital cauldc dromisestingatignalsi gnal
to produce an internediate frequency signal , passing. the iqternediate

f r eque fryuding a dirstiphirelityrofsubesiiansa dx af PPREE side arfsqufo&r@am chapngl gad ageeqignal
det er m _ni i f e . er I r 'qggﬁ&?s f WaT, di o
br oadcggliriglgﬁ Og iS%%aer%rg tnggrl(lrjkg%t %%%%gg%g?‘aﬂ%pﬁaaong aftr tggl%%%@ gélfﬂlg%?ﬁ% %iét he

| ocal &tepguency oscillator signal to change the frequency of the

intermedi ate frequency signal such that the bandpass.filter. renmoves the
subcarriers in tREXigde Cﬁ%ltail GR%P P?ﬂgﬁs&}ﬂg Stlﬁ%a{f g'kaﬂ% 05‘3}1?'[85?]@8.% B The
nmet hod j I . p of determning if one of the upper and
| ower g?%igggg%gﬂt%x}meﬁ%? gf"g?e%lg'f“g{iﬁi 0 broadcasting signal is corrupted
conprises the stpapsnpfhe intonvestidte figqtdrey signekiheahghiagratipase fterfogprodnce

signal; converting the digital signal to upper and | ower baseband signals;
conpar i teg lgﬁﬁ&er and | ower baseband signals; and selecting a frequency

of fset based on (R mHBARF 888 of 3he UpPerBANAslvaT sigtiang 3f thbligiah dutie st ep
of conparing the upper and |ower baSeband signals conprises the steps of:

squari ﬂngo@aaﬁﬁingfs@gnhbiswp}:repte@;rﬂadl ower baseband signals to produce a squared
upper si deband Sla%BﬁllingaQ %recaluésngg %'ftesgt tlothg local ﬂ%&l?erﬁgy Skdifidbr 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 determining if one of the
upper and lower sidebands of the digital audio broadcasting signal is corrupted comprises the
steps of:

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; and

selecting a frequency offset based on the comparison.

3. The method of claim 2, wherein the step of comparing the upper and
lower baseband signals 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;

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

comparing the filtered upper sideband signal and filtered lower sideband

signal.



filtering the squared upper sideband signal to produce a filtered upper

si deband signal; filtering the squared | ower sideband signal to produce a
filtered Wowef94386 deband si gnal; and conparing the filter@®dTasp®122¢8 deband
signal and filtered | ower sideband signal. WO 03/094350 PCT/US03/12218 10
4. The nmethod of claim3, wherein the step of conparing the filtered upper
si deband signal and filtered | ower siggband signal conprises the steps of:
determning if the power of the upper sideband signal exceeds the power of

t he | ower sideband sigpal_b fi st predetermined factor: .an I ni ng
if the power of Pﬁe | 0 rm%‘?ﬁa@b" N al;sq ghgi e%x%gléedgte? hog Cﬁ%%’eap%%%hgtqﬂ%re?pper

si debar@psi dsbendyighal$ae diteredeflat fidbane sighd Codiprisés. thd Biepdet hod of cl ai m 4,
wherein each of the first and second predetermned factors is 1000. 6. The
net hod of cl ai m Heterminipgei the PEwies oh ghet wpes silsbard. sigral greeeds Ale peses of t er ed
si gnal - | ' d. si - nverting the digital

fil tereﬂgé)lso%ga 8agﬁgg%lgisl;e}g%ﬁgﬁbl}eg%%%&gg%?réan%gi ng the frequency offset
from the basebandlesirgitahg ifthe Poererref kiedloofer cldabadbsigmid exedads tihe pstepodf
removing the frequency _offset fromthe baseband signal conprises the step
of : apﬁllleil‘ill?ﬂjréldﬁ}éf’élgtsigﬁélw%Eﬁ?@ﬂ‘é?re@f"@%‘cﬂeg 0Tdi gi tal down converter. 8.

The met hod of cla m 1,7 hR{egida tobe(i(lﬁgﬂ_ dzit,ﬁivhéﬂeirﬁlégw di aRAGast bl sesbdinal

occupi es a bandwidth of about 400 e upper sideband |ies between
about pialtdudmedrfacte@3910z of the center of the channel; and the | ower

si deband |ies between gbout, -100 kHz -200 kHz of the center of the
channel . 9. A receiver G?eﬂi“gﬁ%{ipﬁ}?lﬁ’gl’ C&f’]@ml&fg%}ﬁﬁ?}bo or oadcast i ng
signal i ncludi ngiigtibink e MR t@proAUBS AUTHEN Bltdréd dBnalpper si deband of

a radi o channel and a second _
converting the digital filtered signal to a baseband signal; and

removing the frequency offset from the baseband signal.

7. The method of claim 6, wherein the step of removing the frequency
offset from the baseband signal comprises the step of:

applying a negative frequency offset to a digital down converter.

8. The method of claim 1, wherein the FM digital audio broadcasting
signal occupies a bandwidth of about 400 kHz; (

the upper sideband lies between about +100 kHz and +200 kHz of the center
of the channel; and

the lower sideband lies between about -100 kHz and -200 kHz of the center of
the channel.

9. 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;

means for determining if one of the upper and lower sidebands of the digital
audio broadcasting signal is corrupted, and for controlling 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; and



plurality of subcarriers in a | ower sideband of a radio channel, the

recei ver conprising: a mxer for mxing the digital audio broadcasting

si gnal wiwboaobssal oscillator signal to produce an interpagdisas/e2is equency
signal; a filter for filtering the internmedi ate frequency signal to produce
a filtered signal; means for determning if one of the upper and | ower

si debands of the digital audio broadflasti ng signal is corrupted, and for
controlling the I ocal frequency oscillator signal to change the frequency

of the internedi ate f%eauency stih?% auch at (ﬁhe bangjougss 1fi |ter renoves
the subcarriers HFPHE BSSEF ST ER TG RAF HEER cor r upt ed; and
WO 03/094350 PCTAYSO3Mhe 2dBivel bf BRAAD, fveHerdih P mShmfor itk iy el gmal to
produce an output signal. 10. The receiver of claim9, wherein the nmeans

for dethsruppai angl Ipwensidebands efithe digitel ausiriblogdssting ¢ i Avecrpiptedronairises: al

audi o broadcastin ] ;S GOr | ' | dj.qgi. tal
converter for co ﬁl\g eafl ]fﬂlgg 31) tdﬁéltaf i (iOEl g%taegdfg? %ﬁg{é@%gs 5hed|ﬁg?rt%§%1é? %} técg A (ljhgg&ld own
conver tighalf or converting the digital signal to upper and | ower baseband
signals; and neans for conparing the gni.tudes of the upper and | ower
baseband si gnal s?dOW.COITYFgPeF 8&&0%‘?1‘“8?%@ digital signalpaiperrrnddevripbassbang
conpar isigﬂalg‘ha‘?ld magni t udes of the upper and | ower baseband signals

conpri sé&s: ‘means for squaring and filtering each of the upper and | ower
baseband si gnal nteangfoodomparing the heagetudes pé thehppabanidosiegbmkbanddignals. | t er ed

| ower baseband signal ;. and neans_for. producin first frequency. of fset
signal when the fhgni L0e&eeHVEhal Cfarulnt égeﬂ‘ﬁ\ﬁﬁg‘é?fh%é’é‘%ﬁ?ﬁn st ngy BEeds

the m%%ﬁi%s%?t&%p@ﬂ dnlaas®e: 6a‘§¥%d@?g§x‘§ﬂ%ﬂ1p§i%&r:‘a| by a first
predeterm ned factor or producing a second frequency offset signal when the

magni tude of t henfephs for equirmgemdbateingredcls of el upprc setibwen dasehgnd sigud of
e R
of one of the fi pfRhnafod psRiueig f AiLeBSNEMcPbIBRignal Ghed thetiRadnitRde ofMhe
conver Iﬁ(l:':ccrar'ed 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.
12.  The receiver of claim 10, further comprising:
means for applying a negative of one of the first and second frequency offset

signals to the down converter.



