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This invention directs itself to a systemand nethod of mtigating the

» - "

ef fects of signal fades, tenporany blockages or severe channel
i npai rments in an audi o broadcasting system More particularly, the
system and net hod enpl oys the transm ssion of a primary br oadcast

signal along with a redundant signal, the redundant signal being delayed by
a 5 predeterm ned anount of tine, on the order of several seconds, wth

respect to the primary broadcast signal. A corresponding delay is

I ncorporated in the receiver for delaying the received primry
broadcast signal. Still further, this invention in directed to the concept
of detecting degradation in the primary broadcast channel that
represents a fade or bl ockage in the RF signal, before such is

percei ved by the | ASSYSIEEM AND METHORFOR MITIGAFTINGINIERMIETEST del ayed

redundant si gnal i gt SRRANATONS AR ALBEG RulSto i SBENE RERE™ Y 21 o

si gnal ,

BACKGROUND OF THE INVENTION
FIELD OF INVENTION

This invention directs itself to a system and method of mitigating the effects of

signal fades, temporary blockages or severe channel impairments in an audio broadcasting
system. More particularly, the systcm and method employs the transmission of a primary
broadcast signal along with a redundant signal, the redundant signal being delayed by a

5  predetermined amount of time, on the order of several seconds, with respect to the primary
broadcast signal. A corresponding delay is incorporated in the receiver for delaying the
received primary broadcast signal. Still further, this invention in directed to the concept of
detecting degradation in the primary broadcast channel that represents a fade or blockage in
the RF signal, beforc such is perceived by the listener. In response to such detection, the

10 delayed redundant signal is temporarily substituted for the corrupted primary audio signal,
acting as a "gap ﬂllef"_ when the primary signal is corrupted or unavailable. More in
particular, this invention directs itself to use of a blend function for smoothly transitioning
from the primary audio signal to the delayed redundant signal.

PRIOR ART

15 In fixed receiver installations, such as home receivers, the fading statistics are
generally stationary, except for occasional temporary fades caused by passing vehicles or
aircraft, and so effective mitigation of fades and blockages for these applications can be as
simple as installing a better antenna or repositioning the existing antenna. In automotive
applications, however, fading and blockage statistics are not stationary. being dependent on

20 the vehicle location and velocity, and effective mitigation requires more sophisticated
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acting as a "gap filler" when the primary signal |s corrupted or '
unavail able. Mre in particular, this invention directs itself to use

of ‘a blend function for snoothly transitioni ng fromthe primary audio
signal to the del ayed redundant signal.

PRI OR ART 0 99/20007 In fixed receiver installati oRSTUSHH™8s nhome
receivers, the fading statistics are general ly stationary, except for
occasi onal tenporary fades caused by _passing vehicles or aircraft, and
so effective mtigation of fades and bl ockages for these applications can
be as meSbdP! € as installing a better antenna or repositioning the

exi sting antenna. |n autonpti I cations, however, fading and

bl ockage statisti cigha Ao g%%@?%%@p“\@ Fﬂ’@lﬂéi)éfﬁd’é% DgpPosest t%‘ﬁ@r‘?f’éhl cle

| ocati on o) r L5t cat ed
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-2- ChetnkbBOC) DAB is a digital broadcastibggihente, /Dikdliydo Beaddpted in thg T(JIDZEB)

t echni que re._hei. I o d I, ove qu f, br oad stl ng
over c?mvgﬁfl Fofal laﬁflgaﬁ?ﬁpgﬁf%gﬁ%ﬁg%l S smulagt g& W%H the DA EFatinel *(1 BOC)
DAB is a dig@hlt aldidoéignd Gagérengly Ssofphesed sukle ltbat aOmhiemad cfatLehtd b deligirddniot €d 5
States, in which analog AM or FM signals are simlcast al ong[aX\A' th the DAB

si gnal . TeRavey the avﬁptlafonaﬂmnowghgw feigndly igly fidelity. ¢ dppesteal DAB Bt at a

M ni mum d?é rdi9Havd fhe RAAEESGicliRt fades aﬁ&’ﬂl\b@%g%bﬁa@%@re' A RETRE lefBctWnt h
sufficiently high fidelity. Terrestrial DAB systens
received audio than they do on analog modulated systems, such as commercial AM or FM

10 broadcast because these DAB systems do not degrade gracefully. This effect is exacerbated
for in-band on-channel (IBOC) systems which are constrained to have orders of magnitude
lower transmit power than the analog broadcast signals whose frequency band they share.
IBOC DAB systems transmit both the analog and DAB signal simultaneously within the
required spectral mask of the analog signal alone. Therefore, the IBOC DAB concept allows

15 a station to offer digital audio while retaining its analog listeners, but the digital broadcast
will not- gain acceptance unless the audio loss ‘due to temporary fades and blockages is
mitigated. : '

SUMMARY OF.THE INVENTION

A system for mitigating intermittent interruptions in an audio radio broadcast

20 system is provided. The system includes a source of an audio signal and a transmitter
subsystem having a first input coupled to the audio source for modulating at least one first
carrier signal with the audio signal to broadcast a primary radio signal. The system also
includes a first delay circuit having an input coupled to the audio source for adding a first
predetermined time delay to the audio signal to form a delayed redundant audio signal at an

25  output thereof, the output being coupled to a second input of the transmitter subsystem for
modulating at least one second carrier signal with the delayed redundant audio signal to
broadcast a delayed redundant radio signal simultaneously with the primary radio signal. The
system further includes a receiver subsystem for receiving the primary radio signal and the
delayed redundant radio signal, the receiver subsystem demodulating the primary radio signal

30  to provide the audio signal to a first output thereof and demodulating the delayed redundant
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general l'y have the characteristic that fades and bl ockages have a nore
deleterious ef fect on recei ved audi o than they do on anal og nodul at ed
systens, such as commercial AMor FM 10 broadcast because these DAB

syst ens do ﬁ P,rade gracefully. This effect is exacerbapefusesri7ds0r

I n-band on-channel (1BOC) systens which are constrained to have orders of
magni t ude | ower transmt power than the anal og broadcast signals whose
frequency band they share. | BOC BAB systems transmt both the anal og

and DAB signal sinultaneously within the gw red spectr%) m%sk of the
anal og si tpdig sxanain@promm@sdpl@yeq WémPCB&Ca‘ﬁKBSISBﬂ @ rsegAndgpeput sherepis i Thei on
to offer digital b@}%jén? ﬁMlHe?a Ll R AGtebdny &Qﬁh%ﬂ dSheRREved Plitnadytadio

di gi tal broa cast not gal n acceptance unless the audio lN'oss due

t o tenpor asigyalf ﬁﬁ&&cmnﬂ)rldbgm&al@esietestxon provmugmgmabd( measurement signal to a third
SUMVARY OF THE

i nt er m tt@H’LpuT?lf]t BIV f%f)‘ﬁ’?rosh‘gsysﬁmann}ftfa FtSmrlgﬁP%eslgr% cas{a?ﬂ‘fcrﬂlsys?\'g (,3meﬂlginp ut

provi ded. IiRedthshiaHritdutput 65tha réc@iver Subs¥stenn fazadiing aisgrvali p@éﬂdte&nineanm tter
subsystem having a first |nput cou Ied to the audi o source for g%e% g_el ng
a

at | east delayft¢ tﬁﬁ audio Slgé%lrtpl W@l d Rriprst aliosignel atiagrRatPyt d ast a
primary rggéogd hngﬁ %hg%ubstanuaﬂﬁgﬁdéﬁkﬁ tid fibst ?Ped@t%fn%)ﬁe& kifeul t
havi ng an |nput cou to t e au source fof adding a first

pr edet er nidakegl. Snmfunﬂsdr,agne systénh éncludds o bidndingcirceit having & figw Il@;ylédolrpé@imw@nt

audi o signal at_.gn ut, t ere t he e|n second
i nput of PHH’“?Pgﬁterﬁef‘f"gr ei b%lgfél{ eﬁ?‘fiﬁ’:on and)%ggdfl%lf ? reﬁg%ct%"!fﬁg 18‘?1)5,0 £ ond
carriefp Sisgddbal and fﬂﬁdtdﬁwuﬁb?ﬂfauﬁ@cdiﬁﬁlsﬁlﬁh’yﬁtém&hhwomkﬁml@alﬁrsﬁ Oie1ght1ng bi’cﬁﬁldﬁmst a
del ayed redundant radi o si.gnal S|nultaneousl h the

si gnal . Tiee delayed pyimagypydip sigapl aodc trged ‘é(els for ?E‘B%%Héﬁ%"&? %‘e’éﬁ Vi ng
the primar %1585%&1 Shd) eahblﬂmg ﬂl@%velghted E'é?éﬁ){%n{&? uﬁ@larﬁ%naﬂ%a it GRMntedt he

receiver em denodul at’ing the prindry radio signa to provide the
audi 0 si gmhlaycd)redmidansaudmjsxgml te mcomxt@@m@@gmh ridpe dingt verdghaipe dactor

rZ(Ga;j undant is smoothly transitioned between a first value and a second vaﬂéﬁ%yoxmgtdsﬁl;qnaﬁ@lllz

15. measurement signal being less than a predetermined threshold value. The second weighting
factor is smoothly transitioned between the second value and the first value responsive to the
quality measurement signal being less than the predetermined threshold value. Additionally,
the system includes an audio output circuit coupled to the blending circuit for converting the
composite audio signal to an aural signal.

20 From another perspective, a method of mitigating intemiﬁent interruptions in
an in-band on-channel digital audio broadcast system is provided. Each channel includes at

- least one carrier signal modulated with an analog audio signal and a plurality of subcarriers
modulated with a digital representation of the analog signal, wherein the method comprises
the steps of:

25 (a) adding a predetermined first time delay to the analog audio signal prior to
modulation of the at least one carrier signal, the analog audio signal being delayed relative to
the digital representation of the analog audio signal;

(b)  providing a receiver for receiving both the at least one modulated carrier signal
and the plurality of modulated subcarriers to recover the delayed analog audio signal and the

30 digital representatiofi of the analog audio signal;
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-3 - radio signal to provide the delayed redundant audio .signal- to a
second out put thereof. The recei ver subsystemincludes a circuit for
detecting degradation of the received primary radio signal, the
circuit for degradation detection providing a quality ne ignal to
athird W°69gzl"?ﬂ3t of the receiver subsystem The syste?nﬁﬁlg%}zieg?a second
delay circuit having an input 5 coupled to this first output of the

recei ver subsystem for adding a second-predeterm ned tine delay to the
audi o signal to forma delayed prinmary audi o signal at an output thereof,

t he secon@) pr eldekcigi prdettrmizeddeved pf Bepraytion bsthadigiwl tepreseptaionto§ t he
first predeterm ned ti mf delay. Still further, the systemincludes a
bl endi ng Hie28eiPg WU FBRRL first input coupled to an out put of the

second del ay cighCUidddingRCoredecehed Bebohd kit deRPUb $he Eigia Géprvehtitieoupthed to
the 10 second and third outputs of the receiver subsystemfor conbining a

first wei gralomandieisizoal andigenverting thecdedpypd digdtal  repraserjation RTFhe 2geies audig a

secondsweis. Eglitpg}r&%cpté%(aé%\%&dpo %Eﬁ%;%ﬁayed r edundant audi o signal and

conbi ni ng e wel ght ayed®priimary audi o signal with the wei ghted

del ayed redundght asubstitutiigghadeldyed hmaiog andaosigras fdréheaprihayy sudjmsilgnal Whenf i r st
wei ghting factor . IS othly transitioned between a first value and a
second vapl?@r?dégeﬁﬁwgﬁlwelt‘%g?%&& Bt 9%C®E:  reasurenent signal being | ess
than a predeterm ned t hr grieyt DESERIFEIONIGF THEDRAWENGRL | Ng factor is
smoothly transitioned between tThe second value and the first val ue
responsive to the FIG. 1duame¢irouis blpsk digemmeafithesprgsent inbattiol | ess than t he
predeterm ned thre 1 hHe it i : epr el an
audi o 1gut put cir cuisﬂf@csgu%ﬁﬁg% %Igpftérﬂ{en%b@g%{nﬁgllhcl?trragﬁ% [ﬁ f g‘?‘/pé%to?g/et%iph%a?he
conposi t eirevediian; Si gnal to an aural signal. 20 From anot her

per specive, a neth mtigating intermttent interruptions i . ... an
i n-band on- channel Oﬂ‘."g;‘t’%?d&g%‘ﬂg%ga%g‘&sp%° st rF%mp?a(%\(;ioaec annel digitaly onnel
i ncl uFIes gﬁdio bfoaddaﬁml i ﬁtem]?e cgrri er signal nodul ?t eddvvi th an anal og audio
Fepr esent at | on of tFG. AT SRR B I A IR R OSBRI T8 ¢ e
steps Qf : u¥pdtal application of fh@bresert Bifleiibnat Predetermned first tine delay to the

anal og audio si gnal’é&rjl or 'to modul ation of the at |east one carrier
signal, the anal og i5ds aiciyertt blpek diggrata iferyanchliemiatet qopBgurgsion of a portiongelyi t al

represent at j gzzglllf fs . . . (b) providing a
receiver %&rﬁiﬁg@%ﬁeggﬁaﬁ%ﬁ %gfa he a ap?le“gagtgJl 8%%13 H{%ﬁtg{vglgwgér rier signal
and the plurality oFIGmsdshkairedt bloticdiagramrof af rii@cofithe rachiveriabsysteth fomal og

audio sig Qi?glltafa %%lict:art]i%n of the present invention;

20 FIG. 7 is a diagram of tie signal spectrum for another application of the
present intention; '
FIG. 8 is a diagram of the signal spectrum for a non-band on-channel digit;al
audio broadcast system; and
FIG. 9 'is a diagram of the spectrum for a purely analog application of the
25  present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to FIGS. 1-9, and particularly to FIG. 1, there is shown system 100

for mitigating intermittent interruptions in an audio radio broadcast system. Conventionally,
FM radios mitigate the effects of fades or partial blockages by transitioning from full

30 stereophonic audio to monophonic audio. Some degree of mitigation is achieved because the
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30 digital regpresentation of the anal og audio signal;
'SUBSTI TUTE SHEET ( RULE 26)

-4- (c) detecting a predeterm ned | evel of degradation in

t he digi talw%g{){og&ent ation of t he anal og audi o si gnalperruses2izas (d)
addi ng a predeterm ned second tine delay to the digital representation of

t he anal og audi o signal and converting the del ayed digital

representation of the analog audio 5 -5-signal to forma primary audio
signal ; and, _(e) substituting the del ayed apal og audi o, signal
for the psterearigforuation veighisimadylated on a subpasTier ?ﬁé’t@r%r%ﬁ’& sjgaglaio-ngfse ratio
degradatign.in ecte . . | %%ﬁ@] T, OF
THE DRAW Cgmcrcﬁ?arte fo'd g\mn quality leﬁl &mnldoless thg1 r%qlnPglbqln%c %ﬁggx%x T a% %]91\1;[ he
present i paserdahdnHo®@ver, there are some blockdgt38hich Auffiticatiy “takerpwt] tith baye bamd

illustrating an_aspect of the present I nventi on, . .

FIG 3 i sa%(ng}eEF@?'éﬁ%‘?qc"lcF G2P &R HiFgretIREoY ﬁé{}}er%ﬂﬁ %gnagn System Ry 150%e._stgﬁgt}| ﬁogal .
digital mitigAddiven BEQBIGAS! ‘;ﬁ;&s&@ﬁhs in conventional analog brobddast éystensdagd rcuit
bl ock diagram of a portion of the transmtter subsystemfor a 15 digital
appl i cat i partioglatinadaptedSomuse imdigiialiagdio broadcast (DAB) systems, whepq guch guiageszre
circuit bleck.di t fd | '

Che. tr ansh £t BEefsaDypity il 8 b} 3 6 SR ik h Bk Qo PP RGPl

i nvent i onmitigation, a second signal is sifkhlGasted dlengawith tleupriminly gedio digagl, dime sdfcomd

ortion of, t recei ver .subsystem for a
P sxgnar]%avmg a rec?undant auc}llo content.

10 Of particular importance, is the addition of a significant delay in the second

signal with respect to the primary broadcast signal. That delay is significantly greater than
the processing delays introduced by the digital processing iﬂ a DAB system, the delay being
greater than 2.0 seconds, and preferably within a 3.0 - 5.0 second range.
Therefore, in system 100 an audio source 110 provides an output to a
15 transmitter subsystem 120 through coupling line 112. Transmitter subsystem 120 includes a
modulator 160 which receives the audio source signal and modulates a carrier signal 162
provided thereto for providing a modulated primary broadcast signal on line 163 for coupling
to the output amplifier 170 through an adder 168. Carrier signal 162 may be a radio
frequency signal in either the AM or FM frequency band. Audio source 110 also provides an
20  output 114 to a delay circuit 116, delaj' circuit 116 providing at least a two second delay to
the audio signal. The output of delay 116 is coupled to a modulator 164 of the transmitter
subsystem 120 for modulating a second carrier signal 166 coupled thereto. The second
carrier signal 166 may be a subcarrier within a predetermined broadcast signal spectrum. As
the audio signal supplied to modulator 164 is identical to that provided to modulator 160,
25 only delayed with respect to that signal, the modulated output of modulator 164 provides a
delayed redundant signal that is coupled to adder 168 by coupling line 165. The combined
outputs of modulators 160 and 165 are then coupled to thc output amplifier 170 of the
transmitter subsystem 120 for coupling to the broadcast antenna 172.
A receiver subsystem 140 includes an antenna 142 for receiving the signal

30  broadcast from the transmitter antenna 172. The signal received by antenna 142 is coupled to
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digital application of the present invention; 20 , FIG 7 s
a diagramof tie signal spectrum for another application of the ’

present intention; FIG 8 is a diagram of the signal
spectrum for a non-band on-channel digital audi o bro SlosnYAk €M and
FIG 9 is a“’d}%@P"&h of the spectrumfor a purely anal og apprication of the
25 present invention. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENT Referringg to FIGS. 1-9, and particularly to
FIG 1, there is shown system 100 for mtigating intermttent

I nt errupti thesfront ead amplifier/tuaidg eirtuisalddattiths ystion subsysteand4@ndhe ynodulated FM

radios mtigate the effects, of fade r part.ial bl ockage transi tj oni ng
fromfull 'B’gma%’t?’é‘g@o}ffﬂ sighah 15 Wbpﬁﬁ‘gf?o ﬁ@ﬁf“@rya%ﬂ?%‘.u%ﬁéBﬁ’é'dﬁo ings line
mtigationjas withé8uas heRBHHIeddINRd redundant audio broadcaSit 8520 it RbeYISRL @
which is nodul ated on a subcarrier, requires a_ higher signal-to-noise ratio
t o denpdul sacend derpodylaten 1 &by theycoppling linentis. oRyirgary lemedHaton 489 zecpyarathent i on
which is aL, 4§ : Se I o

Suf 1 ci ot P59 e g B0 et BUEURI coblig i LG QUORAE ST e
recepti on 034.t Delapuidcuit Ki4gpdds a pSdsttrmmmddEldysto deesiegmertdipoinfry midio sigha faven

those latter t. Qut ages.in con tifqnal, .anal og br.oadgcast ,systens d
particul ar f’?}lphég(é?é‘ﬁe ng’“ﬁ§5°‘f“ﬁy ésgl t@fc Ao 8“'6’?5%?82%?’5 % %A%ﬁl%%& Eﬁ‘g 15
wher e suchs@diaa@as e4ugl to the déddy Fovided By Blay EifduitViab] Selayivduit 084 & intenddd f or
nore than a few seconds. To accqn‘gl i sh t hat mtigation, a second

p

signal is tssliendbe temparad riationsiip betwesn thapripanyaufio signghand the Jedundagiwdio
) D U i sy s S
that introduced by the delay circuit 116, depending upon what other processing delays may
have been introduced into one or the other of the two parallel communication paths.
The delay introduced by delay circuits 116, 184 must be sufficiently long so
that outages of the parallel broadcast paths are substantially independent, the probability of an
15 outage after such diversity being the square of the probability of an outage without that
diversity. The delay time can be quantified with knowledge of the auto-correlation function
of the channel outage due to severe impairment. This autocorrelation function is expressed
as:.
R(7) = E{x(t) » x(t-7)} (D
20
where: x(f) is defined as the stochastic pfocess of the channel loss probability such that a “1™
is assigned when the channel is lost and a “0” is assigned when the channel is clear, and < is
the diversity delay time offset beMeen the two signals. The probability of outage without
diversity is expressed as:
25 : p=E{x()} 2
The autocorrelation function represents the probability of channel outage after
diversity improvement as a function of time offset. From a practical point, the diversity delay
time offset must be also sufficiently large to allow detection of impairment of the primary
signal and the transition from the primary signal to the redundant signal. However, the

30 diversity delay time offset cannot be so great as to impair the listener's stability to quickly
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signal with respect to the primary broadcast signal. That delay is
significantly greater than t he processing del ays introduced by the
digital processing in a DAB system the delay being greater than 2.0
seconds, and preferably within a 3.0 - 5.0 second range.

Therefore, inW¥28¥%7100 an audi o source 110 provides an out PG FE A fs
transmtter subsystem 120 through coupling line 112. Transmtter subsystem
120 includes a nmodul at or 160 whi R recei ves the audi o source si gnal
and nodul ates _a carrier signal 162 rovi ded thereto for providing a
nodul at ed %‘P‘FW&F?FCB’FB%\%%? t?ﬂag‘#ﬁ‘lredowaﬂege 163 for coupling to the
output anplifier 17Qdder Qs intaferaitd edondidns, Ghé rre@veret gptirhary 6ahidicagighel &

radi o frequency signal in either the AMor,_ FM frequen g Bgnd Audj o
sour ce 110deiaysd imdelpy gisanitalp4oand them ¢oupled o) thepudio RUtppf "HF‘F&E q thyqugh Blend,

circuit 118@&3%};%@%1?% | BRsd ci?cg%t"!ﬁbs%@&ﬂf‘%%ﬁﬁest fhe apgro%)fﬁi‘t@ viightiag Fognal .

The out put "0 S coup to’a nodulator 164 of tThe transmtter
subsyst gm afibihaionnwith kheet privgary asdioosighal; sand it redimdant 2udis signalpl The pABRBE 0.

The second . ., carrier. si.gnal,166 I e a cankher W thin .

pr edet er i Ao E,tgeai&fggﬂcé f'gﬁ’a‘%elqé'ﬁérg{‘?ﬁfmﬁsmagp lertl%?oart}”cﬁl%h uélggsﬁjﬁheg it P! i ed
to nmodul at gend @dnthet 190 @RfougHa thet @uplgd ligy 033, dBebnt enutiysliet AD4r thd Gibight&d amhl y
del ayed with respect to_that signal, the nodul ated output of npdul ator,k 164
provi des adelayed ptimpazy avwlie signsldnprupladge dhe adder 200dor eompbingiionsvith the weighied,y
coupling Ii . SIS duri )] t Ve .are
t hen coupl 5381%?%39 ﬁlésﬁrgﬁfgg‘ut’ éﬁrrcg] flwngrp%gpgﬁ?ﬁgmmmc?r}g%?m tte?ﬂglu%(gﬁst em
120 f oriocoBpdoh adder @00, e kigna ds emiplesrtd dimneutiit 2mplifier 152 of the output circuit 150.

recei ver suybsystem,140 jncludes an .antenna .1 for receivin he -5 Qf 30
br oadcast 9*’8¥dt taﬁ‘gll ?ra’rsgn‘%':‘ieﬁ‘ﬁ’easf??%‘??ﬁaf%?d 14I%é /g? ﬁvﬁfiﬁ’e rd&céﬁ\?‘é\&n @iogﬁ nna
g—g EJL iES ngulﬁhﬁgraﬁﬁk, the primary audio signal may in fact be a stereo audio signal whitiiStersditte SHEET

digitally or by conventional FM multiplex broadcast means. Under such circumstances, both
audio channels, left and right, are delayed by circuit 184, weighted by circuit 194, and
15 combined with the appropriately weighted redundant signal in adder 200. From adder 200,
the two channels would be amplified and coupled to the appropriate speakers in output circuit

150, as represented by speakers 154 and 156.
The circuitry of demodulator 180 includes circuitry 181 for detecting
degradation in the received primary radio signal. In other words, the circuitry of demodulator
20 180 includes circuits for making a quality measurement of the recovered primary audio
signal, which measurement includes the determination of one or more parameters such as the
signal-to-noise ratio, signal power level, and for digital signals the bit error rate and results of
a cyclic redundancy check. The quality measurement circuitry 181 provides an output signal
on line 186 to the blend control circuit block 190, the output being below a predetermined
25  value when a fade or blockage is detected. Optionally, the demodulator circuit 182 may also
be provided with degradation detection circuitry 183 for monitoring the quality of the
recovered redundant audio signal, providing a quality measurement signal output on line 188
to blend control circuit block 190. Blend control circuit block 190 outputs a weighting factor
on line 192 for controlling the substitution of the recovered, delayed redundant audio signal
30 for the delayed recovered primary audio signal. The weighting factor output from the blen&
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- 6- the front end anplifier/tuning circuits 144 of the receiver .

subsystem 140. The nodul at ed primary audi o broadcast signal is coupled’
to the prinmary denodul ator 180 by coupling |ine 146, whereas the

nodul at ed d edundant audi o broadcast signal is cou ngu

second derm‘gﬂ%g{?ogp’r 182 by the coupling line 148. Primary %Jermdsfa%l{’ggre 180
recovers the audi o source signal, as is conventional, and couples the
recovered si gnal to the delay circuit-8- 184. Delay circuit 184 adds a
predeterm ned delay to the recovered prinmary audio signal for - coupl i ng
to t he outcpuftolcdirconihleak 1%Dis Wl&?lﬁletoay-niadﬂﬂo@%e‘dh@séntthe wraghaipg cfactouiis 184
IS tially u Jdedb b I UII 16

Del ay ci rc?'(tﬁ)gt {% 4lac|ms1 umt? %d%’éigl '}Ee ?p %p%}e(a CI%H{ mtgh\éahf or acl\ém% at ‘lmétrlls

bet ween t hecopéredraslyyed wetivndait guntid sigind stipitied ﬁdmﬁaaémcamwm ciruitrg llgmaThusand

therefore may introdyce _a del a mhlch is slightl reater or Ilghtly
| ess t han When thers is A0 prieserie defe ‘B?fl Iepd coprel RSB Plogh &5 fe}gwgﬁawwi

what otshers, 506 88N GVEG BvidERY% “0” outp@wﬁoaemef M58 GeUESAbihatin RNE 8 "the
other of the two parallel “conmuni cation paths.

del ay i nt resguered dblyyﬁtﬂlerleélsndeliltra@diot%gnﬂsl the gaultipiéer 188 Ssfthe wieighting factmgs S0

t hat out aggs ependent,
t he probabﬁl @Jre &p?be%{%h&n a{%'gﬂg%? %Fﬂgﬁp@%?{g@?Eﬁgellﬁé&%ﬁ%@quare of
the probability of Wheﬂweagmllmméa&ubméﬂtaignal supplikdvar ket M6 iddieatebedeagtion nre
can be quanti of t he corr | ation functi

t he channé& 5B {C%FQEW tgdalf(lgg “Y eh s ﬂg’:‘#%e‘ﬂ-’h ke %V&@dﬁwwpgﬂre?}tm%t i on

| S expiessaRie, blend c%ﬁtrol c1rcu1t block 190 changes the weighting function from a value of Il €3 4]) =
E{x(t) [errkﬁ@%t [err] (1) 20 where: x(t) is deflned
as the stoé e ﬁraéére%%hmmmnﬁ sapeialy dndyeps piedespimingd me heridgat That

i's assig n gedg‘ﬁ nﬂmtaf' %Ffséhﬁe%ﬁ | I;[uhrz‘bej, deJ\?/tféxrng’('iﬂ?y ?sarg%mdtltﬁg 4%%19{16@%3/\“ 8% Is@gnﬁ an nel

is clear, err bef'ween e two
si gnal s. Thws,phwipghbihd transitivh theiprigerywaudimsignal is fadid\mat snd thei redwendpmtesgetl as:

(22) faded in, with the delayqd redundant apdig sigpal fotafly ﬁ%p(l%&:? tEie é%‘&%‘r?{‘?% gudio
pr obabisl i tsignelf fortha Iﬂérﬁdxmﬁgl bﬁgﬁ ofthessutage, and dhencreSpdngive Wmeﬁﬁﬂﬂ‘ilhe@s‘iu@nent

function of ting. of roma. practical point, the diversity “Oyt
(o)

time of fsd&tenghlingd 834 bé%;ldscaw‘?l&frewt blgck %@Ixswoa* thg Jyeigbting ch@ﬁ ffoﬂ

| mpai r ment«19f frReqRsitR fom “17 t§1°@Raing el {Oh-el”t fsaﬁﬁdlet Ezﬂ&tﬁl’&ome}hﬁe Rirh&ary
signal to the redundant signal. However, the 3 diversity delay tine

of f set carmmrseteraingd tigepsriohso astojavpidiany chieks qrs:ttl@qn@pdlg agtifadss which wanldjbe ckl y

noticeable to the user. A sinusoidal transfer function may be utilized for accomplishing the

20 smooth transition between the maximum and minimum weighting values. As thc primary
signal is delayed by circuit 184 before coupling to the audio output circuit, the quality
measurement circuit 181, in effect, predicts an outage in the primary communications path.
Upon detection of such an outage, there are several seconds available in which to blend in the
redundant audio signal.

25 Referring now to FIG. 2A, there is shown a timing diagram representing the
transmitted primary and redundant audio signals. The primary audio signal 210 and
redundant audio signal 220 are shown with respect to time. The redundant audio signal is
identical to the primary audio signal, but delayed, as shown by the vertical reference lines 213
and 215, indicating the time delay period 212. As prevnously discussed, the time delay period

30 212 is atime period that is greater than 2.0 seconds
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-7- tune t.he receiver subsystemto a desired channel. _
Under non-interference conditions, the recovered primry audio signal is
del ayed in delay circuit 184 and then coupled to the audio output circuit
150 t hr oughwel9eAshe7 circuit subsystem 135. Blend circui pcgrisasibem 135
provides the appropriate weighting for 5 conbination with the primary
audi o signal, and the reédundant audio signal. The primary ~audi o signal
is coupled fromdelay circuit 184 to a’nultiplier 194 for weighting

supplied from | end contro 9Q. t hr oygh, the .coupling |ine 192. From
mul tiplier 194, the%g%?ﬁ ﬁﬂ”é%hlc}‘ PB’_tg%’Fé_ é’&P"ﬁH}ﬁsﬁf%‘% Fo stegas 1] and
coupl ed t Gedun@art0dtddyed Ofhd{dOkighAMDONAheRH W tide sBEMURI BT Bdreof in sUGRLNFANT
audi o signal, which during periods of non-interference has a value equal to

0. 10 Fr sHifigifabinterfroence Qe fadingria be icensidstadl asblogkage.hBup it the timerdivarsityedelay52 of
t he out put_ ¢Gi ' a&%Q]- : i@g&gf . bV, eakers 154
and 156I.O A?sf %va'r r:é?“xtge egg’ﬁ‘%“gh%ﬁ%f V\Ak %ogehg Brl&%a%grﬁgﬁi?ﬁ’ﬁ% Iﬁﬂfﬁ%‘?(}
audi o si gnbé pnragryisignhbZH0 within thet o ckageativde perkid 238l combspohids & tlllJef %ﬂmagﬁﬁﬁh
digitall conventi onal .FM t Al ex. broadcast,. neans, Under suc

ci ?cumst gr?%é??%ﬁoﬁeﬁ“n ant a“gi?dsr‘%na& ﬁgém ,nﬂi‘eeP‘?m%FPid’u?ﬁ" "‘,af%tlr(?alsd%?"ﬁ?&’ By
circuit 1&RowihFTGeRA)Yihe ibledked sidl tiaRsebient 8 iviRE Wetkbatd 8y the user
appropriately wei %Qt ed redundant signal in adder 200. From adder 200,

the two cHupssarent i thedtime dealayp establisied y theodgityeeirquit 184 2niprsviopsly adissussedaker s

[ t put €d | : 156, ..
The o Foultr o 2 e vlehdtle gyl 85 t5BhE o Me HRBLSH 5 &F WETad Bt tipe
degr adit i orgment 2#@ of beeeduadam mirdinrsignal2204s blegdedl in with the prbmanyeiudis, sigdabto

measur et FREpEUS RSB Aary HaRdne midoopebrs FaArCAY fRaEaTEHont

i ncl udes tahdiodsigral 01 Mladkcept dafin® AR Hine KNP 4@ BhLREIR tﬁ&fé‘ﬂuﬁ’c&pﬁ B&dio signal
signal-to-g Lse.ratioq, sifgnal power |evel, and for digital signals the bit
error raté gl‘ﬁf"rbé‘_gﬁﬁé}‘e& L a cyclic redundancy check. The quality
Teasur ement i r cui t e bt 1alaPuan 100 P IBIODAB, whereilthelihiMind Bith0 {he

bl end control circuit block 19 I

] he out put being below a predetermned 25
val ue Whenugdiofbyerdcast ip| medulajed os Sgeorthogent] feguénsy adivision trhadudhterd sibicatriers

circuit 1@3@@%@4&1@1’95& of an FM modulated carriers, an shown in FIG. 3. FIG. 3 represents the

power spectral densities of the FM modulated broadcast signal 241 and the IBOC DAB

signals 242 and 244. The 95 subcarriers of the digital audio broadcast operate the spectrum

from 130 kHz - 199 kHz away from the FM center frequency, in both the upper and lower

20 side bands. For digital audio transmission, the block diagram of FIG. 1 is modified to
provide digital encoding and decoding as shown in FIGS. 4 and 6.

As shown in FIG. 4, the audio source 110 provides an audio signal on line 114
which is coupled to the delay circuit 116 and from there to modulator 164, as previously
described. In this version of the digital audio broadcast system, the redundant audio signal is

25 the FM modulated signal which is being delayed for use in the digital audio receivers to
replace. corrupter digital data, when necessary. The primary audio signal, provided on line
112, is coupled to a digital encoder 122. The particular digital encoding and compression
techniques utilized are not important to the inventive concepts, as herein disclosed, and may
represent conventional digital transmission techniques, such as interleaving, convolutional

30 coding and forward error correction i'é'chniques. The digitally encoded signal output on line
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be provided with degradation detection circuitry 183 for nonitoring the
quality of the recovered redundant audi o signal, providing a quality
measur enent signal output on |ine 188 to blend control circuit block
190. Blend control circuit block 190 outputs a weighting fac on
line 192 forW@¥RE| |ing the substitution of the recoveredpc%'g§9§’§}a735
redundant audio signal 30 for the delayed recovered primary audi o signal.
The wei ghting factor output fromthe bjsend
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-8 - 1208 b @le Cloth inbdllhtof k60l Mereh Lro@i@thided n&ﬁlb&dﬁaﬁts:h&ﬁmo&m&é@l n
the weighting factor is subtracted from uni ty to provide the proper
wei ght i ng 9MP geshtod thspleralifiohBbeyrien: t he recovered del ayed redundant

audi o signal supplied g d1%nd etﬁpfg&x@%ffed cfaﬁﬂahiroymghglz W Téﬁqg the c}(elails%h en

there is no interference detected contro Tl FCul t
outputs a mvgmomi@ M5nulfiplex stereofbreadedsy sigudi is hapdled aripreviausty) 'desaubq:mt Afrom

adder 196 f tion.with e redundant audi o
o P iR RO DB e Pritly il s R B epe by 380 SR B
will be nodﬂ@ddﬂﬁﬁﬂm 2h@ thizh coiipledto lghthl debsiepl $5TEDgitalWdtcdes | Sbhy inbludéiger
200. When the_quality neasurenment signal supplied on

line 186 i Atrintesleaver,qigvesdlias gforward ergr campatiog degpderd cibsRadent &t decpﬁ’égq\u%zpht y of
the signal aeiRedb eleWocRtREG! SdteREEb JRHES hﬁlcﬁjg1t]apdec¥§ér%ﬁ)ckt?k§ N SO0 ol

circuit block 190 changes the weighting function froma value of "17 to a
val ue of "8"convérted te raroilpg endiosignel inrigitaktoatalag condertsy d87.a Fyera dbererthe ned

time perio termned, ti period nmay be within the
appr oxﬁérat gﬁnggg%na“‘é‘e%?s’g“%g%“i‘ eendescrg;ed Thus, during the transition

the prinary audl 0 siBpoalseiisisfimgemhno diat Meﬁﬂ%alvaﬁiuaddan of v gkrimary audiaded
Ipp| n:;\ﬁ r ;h aL e %ya%g tl'I;eer% lrllr%%xrl]tt auﬁﬂ)ds!ié)naf Ilaaql? gzle rrgaﬁg %lpln};alent pX‘IOI(': {ontgexg' ?gspgc%lvg yed

couphng to the blending circuit subsystem 135, and the digital processing circuits of the

IBOC DAB system introduces certain delays, it may be desirable to separately account for

15  those relays in the redundant signal path. As shown in FIG. 5, this audio signal from audio

source 110 is coupled to the digital encoder 122 by coupling line 112, and from there is

coupled to the modulator 160 by coupling line 124, as previously described. However, as

opposed to coupling the analog audio signal directly to the modulator 164, through the delay

116, the circuit of FIG. S couples the digitized audio signal to a digital decoder 126, by

20 coupling line 125. Digital decoder 126 incorporates the same decoding functions as decoder

185 utilized for the primary audio signal, and includes the digital-to-analog conversion

function represented by the block 187 in FIG, 6. Thus, the redundant audio signal is exposed

to the same processing delays as the primary audio signal, which delays then need not be

accounted for in either of delay circuits 116 or 184. Where such processing delays are

25  invariant, then such may be accounted for by reducing the delay added by the delay circuit

184, to then bring the primary audio signal in temporal alignment with the redundant audio

signal.
Another scheme for providing a redundant audio source is represented by the

signal spectrum shown in FIG. 7. For a particular FM channel, the signal spectra 246 and 248
30  represent the respective signal spectrum for each of the FM stereo left + right (L + R) and left
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15 signal for.the remaining period of the outage, and then, responsive to
the quality neasurenent signal on line 186, blend control circuit

bl ock 190 transitions the weighting factor from"0" to "1". The
transition s edBesy’ t0 "0" and "0" to "1" is nmade snoot hl ypormsvssihes sane
predeterm ned tine period so as to avoid any clicks or other audio
artifacts which woul d be noticeable to the user. A sinusoidal transfer
function may be utilized for acconpli-shing the 20 snpoth transition

bet ween t he maxi mum and mi ni num wei ghting values., As the primary, .
si gnal i s- BeMtdyedRyenals deisrlaced Sropiogt spectpimy 15 thy sigral sPREETRAT Shotbpidtary
circult, .EJt;}qumeéﬂotnx authoﬁzﬁﬁﬁ%ﬂbﬁﬁ%@nag{v{]&w §ucﬂ;9%bcak£br91§ freSdutatdd GfthGhs an

outage in e primry communications p ] pon detection of such an
out age, t P&esignals. e ke primary castielsigralaiTha §ICA $ignahispestrumds ispasedi 53 KHe feom
redundant ,audi,o._si | : Referri E here
I S shown 5'eti 'cﬁﬁtegﬁg R 'rlélpl)cF (tahseelr%atol%g‘%%se’sg%’?h afng% %?é[’x\’%(% of)éc%ntarr%a@' Iziénd

r edundgnt ygaddb Fordi (h8 abdindakin @audis infermation diap istragiaitted hfieranpredetermineticdetyant
audi o signal 220 are ahown with respect to tinme. The redundant audi o signal

i s i elermehg delayet fréupdanhandje evflo signal . but del ayed, as shown by the

vertical reference Thdigge ai']v%rsitr ﬁchetﬁﬁ%uaﬁéd aﬁmirﬁa?}'tah%goetdﬁgli&d 5 spl@momer i od
e

212. As previously discussed. i me del ag{ period 30 12 is a tine
12

peri od t hB¥AB systpne aine digitpdnenly systemcwhetein the digital broadcast spectrum is separate and

SUBSTI Tw&sﬁkﬁ%xﬂ ﬁxlél'clt:)nge%g?aé Fxrlall%FM bro%dé:a% Istétioxkssas own in FIG. 8, a hig}% %aéa

-9- now \ ere i n siown
pri many agdé primagyrDABXighabspdctrum 254 sduordded witle h agteehtatedinadant, uiclowd2data

wherein ar;[té,rg?gnifgpr.re%pr{m%%g Jisq) arcgr? tchelrer%ro%l{ bJT gec 1}edslr?dant DAB signal is time delayed

with respect to the primary DAB signal, just as in the IBOC system wherein the analog FM is

time delayed with respect to the digital signal. Here, the digital redundant signal is time
delayed with respect to the primary digital signal. Both signals experience processing delays
15 for encoding, interleaving, de-interleaving, forward error correction decoding and digital-to-
analog conversion, for example. Additionally, a delay in the range of 2.0 to 5.0 seconds is
added in order to provide a sufficient time diversity to provide the desired uncorrelation
between the two parallel transmission paths. As the redundant digital audio signal is only
utilized periodically, and for short durations, an economical tradeoff can be made between
20 fidelity and data rate. Therefore, while the listener may detect a temporary degradation in
audio quality during the redundant blend duration, the user will not ,experience an outage or
any undesirable acoustic artifacts during the transition between the primary and redundant

data signals.
As yet another application for the time diversity scheme, as outlined herein, is
25  improving the resistance to outages for conventional FM broadcasts. In such a scheme, the
broadcast spectrum, as shown in FIG. 9, provides for the conventional stereo signal spectra
246, 248 as well as an SCA signal spectrum 250 which in this invention carries a redundant
audio signal. Iﬁ this scheme, the FM stereo broadcast is the primary audio signal and is
transmitted undelayed, while the redundant information that is modulated on an SCA

30 subcarrier would be delayed by a time period within the range of approximately 2.0 to 5.0
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sufficient interference or fading to be considered a bl ockage. Due to.the
time diversity del ay of the redundant audio signal 220 with respect to
the primary audio signal 210, the portion of 5 the primary signal 210

wi thin the bl OCk‘%‘ﬁ'ﬁ time period 230 corresponds to the audi éﬂ ﬂjt
240 of the YOJUAWEht audio signal 220. Wien the primary audio srgnal 210 is

processed, as showmn in FIG 2C, the blocked signal tinme segnent 230
woul d be heard by the user subseqgrent to the tine delay established by
the delay circuit 184, as previously discussed. However, as the

bl endi ng eesonds.t 135 responds to the detection of the bl ockage, the time 10
segnent 240 of the Fedun antfaﬁ%o(}gi gnal Zzg.i rbmgk n wth

primary audi o si gnafTTBeeHYe o BpElftda” BHRE oSO R BLE BOL T AP a’ﬁ?%a O%IGI’GI n
t he audi o didi@hsigndl Sthe Keprsl ntitygatif@ oMage¥Es yhe broadcast df @ redugdait shal whisk et
during the time segment 240, wherein the redupdant audi o, si gnal 220 is
subst i t ut &gl "‘Y%P"é‘ﬂ’otesl’ed to the primary signal bycs, suidisisnt dme; Pﬁ’i“’fiosr" ok thent™oo i s
in | BOg D/&Ensattaﬁw eBarhBR sty etaoattatﬂeé witth e DEPR LRSS 6di'a§30d(%é‘t ed
on 95 orthogonal frequency division nodul ated subcarriers |"ocat ed on
each si de ligfitatinn BN theo delpntiog peded iethe effget thitosmnb iweuld I@ve In tHni@g f@m one

represent s, t.he ectral denS|t| f dul at ed broadcast
si gnal 241 Tu tctﬁlgﬁtegcéeaﬂggp ocongtnaﬂmfg Zc%gay% g gﬂlmﬂf%@ nﬁntguﬁcé?%ﬂers of
the digitay sﬁbﬂﬂmmnbrtm&dﬁﬁhnﬁmébdtﬁngﬂ&tﬁmﬁglmmls Also triputtahBi9 theH$ehemel 99

k Hz amay fro e FM ce ter f uen i.n both_th per and | ower 20 side
bands. %°Fatheatﬁ iyisiagplo s SHOTHERLO &t aﬁw ovene| duripg jthe

modi f i fad tnﬁtlga’aon PHQNE. d@tsqir&h&f%ly &RGReHIN %ser&d 106 GRAHIRY f3¥Sa SHONR thaflsifid>S. 4
and 6. shown in , the audio source 110 provides
an audi o ayhgrein tf@rreqmnqlentlsmal is blengdpd uhtmtbe tnpuplocthe pedie hetpdtem@ylt cihileuhe 116
and from tg I

ver si on of EB%L%E?Q dg%g?ﬁda%gthaﬂﬁs aggla@%&i\séeg#i 4s tthﬁgnr 8 &al Qiefa édSnal
is 25 t héorFthmdpdrmdegteaexgthaﬂt 2\.0nsecbndss sysenn 0@l detaste d fhdfr o:ubbckage tolﬁehe
digital audlo recelv orruter Hlglta dat a,

necessary PPFRY altfg‘?rf) as} lfj?‘f}fF WTJ‘?%\C;F"&‘& dioPFoyidig time forlizsm‘twg‘ &ipl ed

to a disgi trahﬁ\ew: gdﬁrtrahaaon 1@ Rtiuhdat/bighal diAQisheH sUBREAEHINS AreiRftra ISR, &8S1 ON
techni ques utili zed are not |rrportant to the inventive concepts, as_herein

di scl osed forbrefpagjods of timee thequality of thevedhnien sienal nped Apt herat shensamsileye! as
t echni queshat 3P pAshadigkd: eﬁmvmﬁease%@ameélmk B, A2 AR b OL YR

error correction'techniques. The digitally encoded ’si gnal output on |ne
the. lower quality conventmnal FM broadcast signal, or a lower data rate digital signal,

modulated on one or more SCA subcarriers or other specially assigned subcarriers. In the
20 case of a conventional analog FM broadcast signal, such may be backed up with a redundant
analog signal modulated on an SCA subcarrier. Although the above discussion has centered
around broadcast in the FM signal spectra, the time diversity and blending functions are
equally applicable to transmissions in the AM band, and in particular to digital audio
broadcast in the AM band, wherein a conventional analog AM broadcast may be utilized as
25  the redundant audio signal for a digital broadcast of the same audio material.
In carrying out the method of mitigating intermittent interruptions in an audio
radio broadcast, the following steps are carried out.
An audio signal is provided and used to modulate at least one radio frequency
signal. Where the broadcast is intended to be a digital radio broadcast, the modulation step
30  would include the step of digitally encoding the audio signal. Whether digital or audio, such
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-10- . 124.is coupled to the nodul ator 160, wherein a predeterm ned

nunber of bits are nodul ated onto each of the plurality of
subcarriers. At the receiver end, the received redundant
radi o si gnq;l, h is the del ayed conventional FM MpliriugbeR 748t er eo

br oadcast si gna I's handl ed as previously described. As 5 shown in FIG

6, the primary audl o signal is coupled to denpodul ator 180 and fromthere to
delay circuit 184, and then coupled t8-digital decoder 185. Digital decoder
185 may include a de-interleaver, as well as a forward error

correct i osigertvouldrbe congideses| thpprimaryediosiangl. whi ch may i ncl ude the
error correct] on andglekecapiioled Bnelhald Al IEAR0EE o 0ck iR e

si gnal i s converted anal og o Sl i Ital -to- ana?og
conver t er audysigial 0The etayed rédnﬂdahﬂaudm gxgadl may Hcamd:heldg asa Hrgsalrmgml aod ify been
descri bed.

" B rt t .th t
i e clo oy e g 5 R oG o0 2tk R ARhot We PR OERL- Rud o

si gnal 5 paséaomraaﬁcteeqawg \sEn8h Whidhi ridy beOa sltRirkier 65BE Gitst Y&lio frequeB@Uignang t O
the blending circuit s stem 135, and t he di gl t al ]gr ocessing circuits of

t he jsBoEiube wbtﬂeqﬁq aved ariiyadant eudie signaly dhe yrodulated primae awlie sigadl e t o
separ at el ﬁ@&%&ﬂ@% 1&:9& ét%nd&m@%ﬁ&ors‘?%rﬁay Sre &0&1 ﬁﬁ@lﬂ%dgé%ecﬁliélg psf?gin!a AS

shown in 1’0 signal From aud coupled to
t he di gitedcomrmﬁﬂerefrdxﬁz by coupling Iine 112 and fromthere is

coupled to the rmd%at r 160 b upli e 124.. as ev ous descrl bed.
However, as 0 Y 5 “? ?%g"félﬁgﬁagga afigis ang&*l%/g

the mogul aidié sifhdl idformuGoh. t Mee dfthity measurehdddt rhdie ilddeUa tm@kurk! &F s&:h
couples the digitized audio signal to a digital decoder 126, by 20

coupl i ng PAEetgESEHS saangli-ftoawlsaéeteﬂaéft o[98 TRtRBCHENFH PAVESleYH @nd é‘?ﬁéltﬂeﬁé&b’ﬁ§
functi ons,, e"&?m%ﬁ F ) 185 utilized for the primary audio signal, and

i ncludes the didgital-to-anal og conversion function represented by the
bl ock 187 in FIG 6A sddend pradermiged Hohgrdelayisliaddegli tgrihé recgvessdoprimaty audio t o

t he same pr LN as_th ri. yadlo I t hen
need not glégﬁ%g%orgg%%gﬂﬁ %dzp?%?&iaﬁdite%i lé%?’ % %fefld;?/’ c”?%ﬂfl%m@fég Faﬁ%

Wher e 15 ucbubpraﬁmsrsdqng tdeha s tlﬁ:rﬁ'sQ;&eddtmmeidahﬁe, ddlhein adeatto rtaypdreu)aﬂi:gw nted

f b he . del ded he d h
bt hethS el Md e AR dabvel Aiyndant budie, HEBH: Thp AmeRsY bRt

audi o frofl 20f1A¢ period within the approximating range of 2.0 to 5.0 seconds.

A first weighting factor is established, the first weighting factor being equal to

1.0 when the quality measurement is at least as great as a predetermined threshold value and

20  smoothly transitions to 0.0 over a predetermined time period when, the quality measurement
is less than the predetermined threshold value, indicating a fade or blockage of the signal.

' A second weighting factor is established, the second weighting factor being
equal 0.0 when the quality measurement is at least as great as the predetermined threshold
value and smoothly transitioning to 1.0 over the predetermined time period when the quality

25 measurement is less than the predetermined threshold value. The first weighting factor and
the delayed primary audio signal are combined, and the second weighting factor is combined
with the delayed redundant audio signal.

The weighted delayed primary audio signal is combined with the weighted
delayed redundant audio signal to form a composite audio signal.

30 Lastly, the composite audio signal is coupled to an audio output circuit.
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Anot her schene for providing a redundant audi o source is represented hy the
signal spectrumshown in FIG 7. For a particular FM channel, the signal ’
spectra 246 and 248 30 represent the respective signal spectrumfor each
of the FMstereo left + right (L + R} and |eft

SUBSTI TUTE SR RULE 26) - right (L - RJCEVYRAI4e

D spl aced fromthat spectrumis the signal spectrum of the subsidiary
-comuni cati ons aut horization (SCA) siignal, where such subcarrier is

nodul ated with the DAB signals, as the primary radi o signal. The SCA

signal spectrumis BlpﬁztrédJIErStHeHibofzé described nlett@d Fivh€ Batefibldyed GuitNg Wigitat ke
the 1 BOC DA?BH:)%gste nal 0g stereo Proadcast may be 5 used to form

al
t he redund4 qedfas i“ 2E)tr i squssigna ‘t‘rﬁéﬁéll‘ﬁliapé&n%’ﬂf‘épefare&%t@zﬁ‘i ned

delay, 1o noBulbRlAPaliBeredfimy fknkic At Aalo @é&ﬁkﬁ’c bray includ
The tine di ver sity schersé outy %ned above may al so %ﬁ?ag%l?cedetogegrr?c?ﬁel BOC

DAB syst eftboepriess whightag speaed, frem o eanfer Wireawancy of laa F(MdllrQadbaSb sighal cspedtrum
spect rym '\ﬁmﬁﬁﬁ@r@r&mﬁ range 8'1* @ ‘ég 1k§lél9e{1:?lzt heafggmfg eglﬁlgxcg?;}al Q‘?‘yaib AR

br oadcast station 4 Sh
si gnal speompusy @Msﬁb&amemaf de«:bnmxttionﬂ anpar Bve multthindstaieo BebddchsdWadnatlat a

t I ectrum 2 di I ced therefr The redundant DAB signal is
(e, dol Syfecptih, Shigh e asn BF 9BV s T icHs dipsued) GHTRocqI,<he Hgurdtnt he

| BOC syst Qﬁdxh&hﬁfoﬁhﬁhdnhﬁlaﬁ%| @8dutikd $n an SCAI %cﬂﬂlz@ﬁ?%"m\ﬁmﬁ&ﬁ&?%ﬂgﬂap the
digital signal. Here, the digital redundant signal is tinme delayed

with respdPEtpR. pratematelathe Hﬁ”@%’aﬁlglﬁl gudie sigpaltrhays bgymafiulatest gp one ot grore
procesgi NgadielidYiRncy signals within the SCA signal spectra as the redundant signal for either a
primary digital audio broadcast or a conventional analog FM audio broadcast.

Although this invention has been described in connection with specific forms
and embodiments thereof; it will be appreciated that various modifications other than those
discussed above may be resorted to without departing from the spirit or scope of the
invention, for example, equivalent elements may be substituted for those specifically shown
and described, certain features may be used independently of other features, and in certain
cases, particular locations of elements may be reversed or interposed, all without departing

from the spirit or scope of the invention as defined in the appended claims.
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15 for epcoding, interleaving, de-interleaving, forward error correction
decoding and digital -to- anal og conversion, for exanple. Additionally,
a delay in the range of 2.0 to 5.0 seconds is added in order to
provide a syfdddpogAt tinme diversity to provide the desiredperagogabat i on
between the two parallel transm ssion paths. As the redundant digital audio
signal is only - utilized periodically, and for short durations, an

economi cal tradeoff can be nade betweebP20 fidelit
Therefore, while the |istener nay detect a tenpor arlimm ;‘ﬂk“‘ﬂnm
audio quality during the redundant blend duration, 't ]

, eXperi ence an outage or any undesirable acoustic artifacts during the
transition between the primary and redundant data signal s.

As yet another application for the tinme diversity schene, as outlined
herein, is 25 inproving the resistance to outages for conventional FM
broadcasts. In such a schene, the br oadcast spectrum as shown in FIG
9, provides for the conventional stereo signal spectra 246, 248 as

wel | as an_SCA signal ectrum 250 which in this invention carries a

r edundant Eﬂ@ﬁlﬁiﬁkéﬂﬁigﬂéi.I|1trns schene, the FM stereo broadcast is the
primary audio signaly and dyStem for fhitRR8M8 thi@ehitad enamagionshin &n thgior pdsndant
information that is nodulated on an SCA 30 subcarrier would be del ayed by
a tine perbroadoastshistem ¢pepriginge of approximately 2.0 to 5.0

-12 - seconds. cwonal. | TTEspective of whether the
primary audi o signal iasso%rf%gféjaélaagflloziségnglrﬁ anal ogpor digital signal, the
key to mtigating out agesnitter tesnsbiiavixgc adirstoinpat cagiaddantaid iagdialsoutee dbr i s

del ayed with, respect to t primary signal . a sufticient tine period so
Chat et BRI s e d ot ot iCYagih SHL e rgAlsat arvishay B ¢
respect tosigndiade or outage. One- limtation on the delay tine period

is the effect that such would have on tuning from one . .
first delay means having an input coupled to said audio source for adding a

first predetermined time delay to said audio signal to form a delayed redundant audio signal
at an output thereof, said output being coupled to a second input of said transmitter means for
10  modulating at least one second carrier signal with said delayed redundant radio signal to
broadcast a delayed redundant radio signal simultaneously with said primary radio signal;
receiver means for receiving said primary radio signal and said delayed
redundant radio signal, said receiver means demodulating said primary radio signal to provide
said audio signal to a first output thereof and demodulating said ..delayed redundant radio
15  signal to provide said delayed redundant audio signal to a second output thereof, said receiver
means including means for detecting degradation of said received primary radio signal, said
means for degradation detection providing a quality measurement signal to a third output of
said receiver means;
second delay means having an input coupled to said first output of said
20  receiver means for adding a second predetermined time delay to said audio signal to form a
delayed primary audio signal at an output thereof, said second predetermined timé¢ delay
being substantially equal to said first predetermined time delay;
blending means having a first input coupled to an output of said second

delay means and second and third inputs respecti'v"ely coupled to said second and third outputs
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station to another. In addition to constraining the delay tine,. that . .
limtation can be overcone , iatnyget N9 t he redundant signal during
the tuning intervals. Al so i chene by which the

r edundant i jgnal is substi%utted®fos the primary sig ol the 10
WPt 3

mtigation ces As previously discussed, system 100 provi

snooth transition wherein the redundant signal is blended in to the

i nput to the audio output circuit whilée the "soon to be degraded"
primary signal in blended out. As the primary audi o signal is del ayed

for a ti mef géd teoelveymesanefor combining @ fss oxsighting Saptor avithseid deleyedprimary fabdie or

bl ockage of t.he ri . L.agnal. | o bef.or | istener woul d detect it,
o ovi di g erihes g eegnd il o8\ sid S SEuRG Sofb s REN B8 oGraSERE " 1
redundant sgid gfeighted \delayed hprimddg taidio tsighalb with esaldntveighictl tdelalyed @stiindant audior

brief periods of time, the quality of the. redundant, signal need not be at
the same Figpdl adorm a °?’F|%P€ﬂ%fa“?‘ﬁe51§‘?ail’rr§ar‘§r Syriehtipg fBFIPTs bERECSTROWY | BoC

DAB sy3t eRpandifidhell BSWRERE first VAIRRANd P chId value redpfisiveOWRhidApalidy inYeab@BMERT | ONal
FM broadcast signal, or a |lower data rate digital signal nodul at ed on

one or nosignsdsing letsathen apsedetemeiner: thresheld ivaluey said stcgnib weightesafactosbsing| n t he
20 [ t si | ked
case %ogtaﬁ,gg%‘fsﬂfohé’d‘%kmé aLﬁ@.sgér}é'gF Kfr%f)hgﬁeﬁugt % OA e Valug%g\ ggg% he Bpacke

up with a're anal'og si on an carrier.
Al t hough uhditphersmrahene sigml beindiess thandatl eldetermined tinewhdldbbaganist in the FM

signal spectra, the ti diversity and bl end] functiong are . equally
applicable to t ransmaélggoﬂ’ép‘it ﬁnﬁaﬂ%"‘lfm?qgaﬁ‘?d?m‘ldggn@ﬁg "Cima Z‘HI ‘Eﬁn"?"&n%is@gt al
audi 0 yo colpeRIaaEs siigﬂam@@,ﬁlmllg@ag, wherein a conventional anal og AM
broadcast may be utilized as 25 'the redundant audio signal for a digital

broadcast of the safre auldiedysiemes iregited in Claim 1 where said first pradategmiped fimg out
t he net hoﬁeﬁ%is 'q{lgrlg@& %}gatéﬂﬂﬁrﬂ {Lenk i nterruptions in an audio radi o
t

br oadcast, e followmhg steps are carried out. : An
audi o signal is pro¥i ded’herystesed redteduio (Tlaitre 1 afurtherdstluding digitdl endodimguency

The modul SV I0 G P G ERECR PRt dh el B G ne
audi o 13i gpfasaid Wisthtesr nitags, t al or audi o, such
4. The system as recited in Claim 3 further including digital decoder means
having an input coupled to said output of said second delay means and an output coupled to
said first input of said blending means.
5. The system as recited in Claim 4 where said means for detecting

20  degradation of said received primary radio signal. includes means for determining one or
more parameters selected from the group consisting of signal-to-noise ratio, bit error rate,
signal power level and cyclic redundancy check. |

6. The system as recited in Claim 4 where said second carrier is at least one
FM stereo multiplex subcarrier within an FM broadcast signal spectrum.

25 7. The system as recited in Claim 6 where said first carrier is at least one
subcarrier spaced at least 53 kilohertz from a center frequency of said FM broadcast signal
spectrum. _

8. The system as recited in Claim 6 where said first carrier is at least one SCA
subcarrier of said FM broadcast signal spectrum.

30 9. The system as recited in Claim 1 where said second carrier is at least one
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13 - . signal would be considered the primary audi o signal. '
CAfirst tine delay is al so”" ﬁ"&umﬂmﬁﬂnl o signal to forma del ayed
r edundant audi o signal'® dundant audi o signal nay be an
anal og or awdiogredosd sSi gnal, an it " % ard gital signal iBcmuSMRYEE such
may be at a lower data rate than that of the primary signal. A 5 second
radi o frequency signal, which nay be a_subcarrier of the first radio
frequency signal, i s modul ated With the del ayed redundant audi o

si gnal . TE%ilio go:ulegéfgsggrgalg}@%y&nwib%aﬁéagtns?én nd t he nodul at ed r edundant

al spectrum

audio sig t'he respectrve™audi 0 signals recovered
t heref rom 10. The system As ggeited tnyClaaSuwhere BhidifEstroachter of atleast@ast a
radi o signal carrying t] imary 10 audi o signal information. The

qual i ty meaduTHeRERE q%é?‘gﬁrﬁﬁ’{?&nacaét %‘égiﬂe_@“ﬁ‘?' such paraneters as

signal -to-noi se ratip, TR:LkyR&h Qk rEbE in SR WieNehid B¥elveRRAlhd BRIk iPa0f a
cyclic r edundancy check. A second predeterm ned

time dél ayunctionmduecthlyotransisioniag betrreer 1 9randdk G/ regpatisiye to said ghyjin measréroent a

del ayed pri mar.y. audi i gnal he.. n ter.m.n i .de ing 15
subst ant i giglggl %’H’@g Ssﬁlc")g‘} %é(?p rg?ét?r%éegiqﬁrsegmg&r ‘Zag%t‘ gé@“ﬁ%gd %”iel mg%*a%)r B%ngr der

t o t enpor alflnetish is@bothly trarkitionipg begesn Q0dhd 1. Sirgspahsive tbBaitl lyaalite hdadement
redundant audi o, signal. The t|inme del i s se|lected froma tinme period
wi thin th&EapEsg Iﬁﬁtwwawans&istww gﬂyrfsaolé.ve_l"gecond;s. _ _ A
first weighting faci®r Asmembdbifi mift@sking MRerfditteht MRHGMionSAnfACERTo REAIHT
equal to - 1.0 when the quality measurenment is at least as great as a

pr edet1@r mibreadcash cemnhusiag theisteps ehd 20 snoothly transitions to 0.0 over a
predeterm ned tine periog,whe ] ual. t asur enent is less than
the predeterm ned thr eshgde ETOJEe,l %ciﬁg%tsiy%?gﬁa fade or bl ockage of the

si gnal . (b) Ansedaharing arieggtone girdtasdiofrejsenes tsizhkli witiedaidt he
second wei ghting factor being, . equal 0.0 en.the quality measurenent
is at |eadt 13§1€8?lé§{“%{§wﬁggg?‘éaﬂl%fdgﬁmﬁéﬁaﬁﬁ}gér?oﬁl%ﬂﬂi val ue and snoot hly
transitioning to 1.0 ove(c)t he agdifgleFiest Riededmhine® iR deRyl tNEEd abddi6 sighaltbt Y 25

nmeasurenent is_|less than the predeterm ned threshold value. The first
wei ght¥ng fpm? dslayedgedundantppdiogigndlyed primary audi o- si gnal are conbi ned,

and the second wei ght i nghact Ghodubfe BPIAEKone secoll thid BeqabAXaar GAlyndant
audi o signal . o The wei ght ed de ayed primary audi o signal
i s conbi neeidvielapied tedundantgudinisignal fordrahsmyitithgrseidiudetiand reduntiant sidimsibndles for m a
conposite Lo signal. 30 Lastly, the conposite audio
signal is Sg%g’%faedy gén%’h audi o output circuit.

(e) receiving said first and second radio signals and recovering

20 said audio signal and said delayed redundant audio signal;

® making a quality measurement of at least said received first
radio signal;

- (® .adding a second predetermined time delay to said recovered
audio signal to form a delayed primary audio signal, said second predetermined time delay
25  being substantially equal to said first predetermined time delay;

(h) establishing a first weighting factor, said first weighting factor
being equal to 1.0 when said quality measurement is at least as great as a predetermined
threshold value and smoothly transitioning to 0.0 over a predetermined time period when said
quality measurement is less than said predetermined threshold value;

T30 ) establishing a second weighting factor, said first weighting
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-14- In”’ﬂ’u’ ‘above described method may be
enpl oyed with a digital I ﬂHH[ In that the audi o source
signal is first digitally encodedtbehore ng utilized to nodul ate a

radi o freque gnal . That radio frequency signal may i or nore
subcarriers” Q\ﬁ?}/@ﬁmare spaced froma center frequency of agEtMg%noadcast
signal spectrumb5 within the approximating range of 130 - 199 kil ohertz.
A second radi o frequency signal may -18- conprise one subcarrier of a
conventional analog FM nultiplex stereo broadcast signal spect rum

whi ch woufagtot fremghequeke teflell wsn praly uality ymedbwement eld. atAlF@Séra:sagrealtyas sdheé

r edundant n e du a ybcarrier of
an FM br o%'a%eé% selgéﬁrafho cPvalue an m}/n'%}pt(r)afls PREr ﬁloa -2 Oer%?ﬂg DIl nrar y t(llmgl t al

audi o si gpediod Rekign betd gralisy ﬁxteﬁdrsiﬁenoisees@ﬂ:aﬁ’emepﬁeﬁetemdctdlhfesleﬂmeﬂaq; si gnal s
wi thin the SCA signal spectra a t he redundant, signal for. either a
prinmary digital audio bMNdadc&SE g:,mgéa Vertetging faciorand aig gelayRs ryimary

br oadcast audio mﬁnal and combining saidechRHGE: Etl{Hr%SJfaétBN S0t a@nadiaRd l?@dﬁﬂdz@@ﬁﬁfxb bed in
connection wth specific forms 5 odiments thereof; it will be
appr eci at 8gmabhat vari ous nodificati ons ot her than those di scussed
above may be resorted t vmth | t f- the
i nvention, for exanple, ?lng va n@ﬁgﬁé?renﬁqéﬂtéfggk%ge g@hﬁ’ta& ed gl%ﬁ)eap ose
speci fi casaid/wasighres delayed redurdaie andio bigtal te finhaicompesitelandis signyl; el used

i ndependently of other fgatures, .and in,.certain cases rticular

| ocati ons of el ements ﬁ be AFEXjdipg ag aggio PH‘PB?%’E?E&&M 51‘?‘19?W f"ﬁgﬁ?m%ﬁﬁrt i ng
from ghe sdid dignaPthefcfRpe of the invention as defined in the appended

cl ai nms.

13. The method as recited in Claim 12 where said step of modulating at
least one first radio frequency signal includes the step of digitally encoding said audio signal.

14. The method as recited in Claim 13 where said step of receiving
includes the step of decoding said recovered audio signal.

15 s 15. The method as recited in Claim 12 where said step of adding a first
predetermined time delay includes the step of selecting a time delay within the approximating
range of 2.0 - 5.0 seconds.

16. The method as recited in Claim 14 where the step of modulating at
least one first radio frequency signal includes the step of modulating at least one carrier

20  spaced within the approximating range of 130 - 199 kilohertz from a center frequency of an
FM broadcast signal spectrum with said digitally encoded audio signal.

17. The method as recited in Claim 16 where the step of modulating at
least one second radio frequency signal includes the step of modulating at least one radio
frequency signal within an FM broadcast signal spectrum with said delayed redundant audio

25  signal. _

18. The method as recited in Claim 16 where the step of modulating at
least one second radio frequency signal includes the step of modulating at least one SCA
subcarrier of said FM broadcast signal spectrum with said delayed redundant audio signal.

19. The method as recited in Claim 12 where said step of making a quality

30 measurement includes the step of determining one or more parameters selectcd from the
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-15 - . ] I . 1. A systemfor
mtigating interm ttm“mmamﬁmumu an audi o radio br oadcast
system conpri sing: *# C L m s a source of an audio signal; -
transm tt eydRAgspzhavi ng a first input coupled to said augdcpusssmame for 5
nodul ating at |east one first carrier signal with said audio signal to
broadcast a primary radio si gnal ; first del ay
means having an input coupled to sai d®%wudi o source for adding a first
predeterm ned tine.delay.tq said audio signal to forma de|layed yeduyndant
L1 0. o1 gFERD consiSife: B MERRRORR Py bt SR ot SR BN S5t P PR,
second i NRidhnddhcypéetk.t ransmtter nmeans for 10 nodul ati ng at | east one
second carrier signal with said delayed redundant radio signal to

broadcast a del ayed®®* edufdaathod of mitigatigs Antespifentt igtsreptiany ipjap in-bandiowy i mar y
radio sig vl i . Y : L\ L
primary rgﬁ el digital audio proadca té“éﬁteérfie‘gﬁe; &h egéhegﬁggnlﬁaggﬁﬁgqg&g% éﬁggrl d
recei ver gigadlsnaiatsdivist amanabgiaddiprsigmak andraaglinalis efisabeatrierpmodulated with a sai d
audio signal. to a fir.st tput thereof and denodyl ating. said del ayed

r edundant g}ggalirgprfgentagpﬁﬂgﬁgeg@%%@}ocfégnggpgnaréﬁl%éasipg hdant audi o si gnal
to a second output (aher e@fiing 8 prddefeREiBEY RSt time deldP &ihe biltdAlidROsigRAPSorf OF
detecting degradation of said received primary radi o signal, sald

neans f or t@gdwerion ofthertdesst ons camsiensignal.the apalngaudiosignahReing Adaveddelaivg to a
third out : | | Frg%g s omale second
del ay magﬁ&ﬁg{ﬁt#gre%rﬁ&?ﬁgﬁé gﬁ@%ﬁo toi%::%%nél’f I rst output of said

10 (b) providing a receiver for receiving both said at least one modulated

carrier signal and said modulated subcarriers to recover said delayed analog audio signal and
said digital representation of the analog audio signal;

(c)  detecting a predetermined level of degradation in said digital
representgﬁon of the analog audio signal;

15 (d)  adding a predetermined second time delay to said digital representation
of the analog audio signal and converting said delayed digital representation of the analog
audio signal to form a primary audio signal; and

(e) substituting said delayed analog audio signal for said primary audio
signal when said predetermined level of degradation is detected.

20 21. A method of in-band on-channel broadcasting comprising the steps of:

providing a first signal to be broadcast;

providing a second signal to be broadcast;

delaying: one of said first signal and said second signal with respect to the
other of said first signal and said second signal;

25 modulating a first carrier with a first one of said first signal and said second
signal;

orthogonal frequency division modulating a plurality of subcarriers with a
second one of said first signal and said second signal, said plurality of subcarriers being

positioned in upper and lower sidebands with respect to said first carrier;
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20 receiver means for adding a second predetermned tine delay to said -
audio signal to forma § Hﬂﬂﬂ” dio signal at an output
t hereof, said second predete ; 'mrm} wr bei ng substantially
equal to sal predeterm ned tt nmex p

bl endi ng rrean%gdnav(%ng a first input coupled to an out put of TR 2T ond
del ay neans and second and third i nputs respectively coupled to said second

and third outputs -20- SUBSTI TUTE SHEET
( RULE 26) - - 16-

of said receiver me saembining ceidifitsl eagrier 4nidr said whirglity | af gsuberrtiors tov prddusaiad

del ayed pr s1t€§ﬁgﬁa§ signal and a second weighting factor with said
del ayed re un an 1B S|gnal and conbi ni ng sai d wei ghted del ayed
primary audi o si gnaltramsinhtisgdait ?mipght?gfxﬁﬁl ayed rﬁdundapt ?Udl g si gnal
to forma conposite gudi o si | I rst WEI ting factor being
smoothly s rrpt r ansi 44 oneftl "5 ﬁn'garfq prsehapge Jgoaeﬁ%ﬁnag%é%ad ¥mflai 21,

[ €SPONSk Ve wherefitald firskidrial coNBRASAY RBMBAbg signal afd 8@5ecBE Agnd ESpd 288 dfbital
pr edet er m nedet hr eshol va(I: ue, said segcf)lﬁrcli weli ghtler?g agn éﬁ%l ng fita

snoot hl'y t pigRdi t i oned between said second val ue and said first vaI ue

responsive to said ?,1”moﬁaqu&%%{f@?&%melgo@&'dcas%nggs é%if?%t ha? ?Lmeans

pr edet er mi ned threshol d va

coupl ed t owherieth saidefivsti signaheansisésar digiea ighidl iafd saﬁdilsd:oxl&)sxgﬁa@ U@ﬁﬁis‘eea@&ﬁn@
signal to an aural signal. : The system as recited
in Caim1® ’ﬁﬁg‘re said first predetermned tine delay is equal to or

greatenothan 2.0 sec@ands.A method of in-band on-channel broadcashiff as YethEdiPSlainE 6 t €d
in CI aiml further including digital encoding
wherein said first signal and said second signal represent the same audio information.

25. A method of in-band on-channe] broadcasting as recited in claim 21,
wherein:
said first carrier is frequency modulated;
15 . said upper sideband ranges from about 130 kHz to about 199 kHz from said
first carrier; and
said lower sideband ranges from about -130 kHz to about -199kHz from said
first carrier. o
26. A method of in-band on-channel broadcasting as recited in claim 25,
20  each of said upper and lower sidebands contains 95 of said subcarriers.
27.  Anin-band on-channel broadcasting transmitter comprising:
means for providing a first signal to be broadcast;
means for providing a second signal to be broadcast;
means for delaying one of said first signal and said second signal with respect
25  tothe other of said first signal and said second signal;
means for modulating a first carrier with a first one of said first signal and said
second signal;
means for orthogonal frequency division modulating a plurality of subcarriers
with a second one of said first 51gnal and said second signal, said plurality of subcarriers

30  being positioned in upper and lower sidebands with respect to said first carrier;
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means having an input coup]ed tao said audio source and an output coupled to
said first input-15 of said transmtter neans. 4. The
systemas recited in O allmﬂmmn ﬂ I"uﬂlludi ng digital decoder means

havi ng an JVPB%EOO&O“F" ed taigglal sai d second del@ranegngs@nd an
out put coupléd ' to sai'd first I nput of said bl endi ng neans.

5. The systemas recited in Caim4 where said neans for detecting 20
degradation of said received prinmary2tadi o signal. includes neans for
determ ni ng one or nor e, paraneters sel ectgd fromthe group consisting
of signal -t o- noi semeaps;fgr cpmbining, gpid figgt carrier an sﬁa&nalluraéa‘ﬁ(m@? SPREGEIETS, Ry

cyclicr ggg%ﬁg@:gﬁxgl. and 6. The systemas recited in
ere sal

daim4 second carrier is at |east one FM stereo mul tipl ex
subcarrier within means¥piirapsidisting sagl qpmpbsitssignal.um 25 7

h ited ip daimé id fi ier is .at.l ,
Tbcarriomas ted 469 i oSl BRERCoA R Srlre' BhaRlfel heloctd B 37

br oadgas twheieiiigtid first sigrfaP Esthrits an analog signal and said second Signalltempyises artigitl
recited in Jaim6 where said first carrier is at | east one SCA

subcarri 6#898% sai d FM broadcast signal spectrum 30 9. The

system as recited 40 C g m. r ' [ | Scfdd hedsh e
-17- r adi oigf]'r eﬁé@e@“@%n@?‘ﬁv@u‘ %?ﬁﬁ%ﬁ%&%ﬁ%@%%&g%%{: ﬁésdi lg nal sz(ggct rum

10. The syieteimyaibiinsbaignabdomprise} adigitd signelrand szid dedond signd #pmipgasesiag apalog east
one . SCA subcarrier of said FM broadcast signal spectrum
11. The §§g§’f'lem as recited in Claiml where said first weighting ractor is a

functipon snoot hly 30.ansA# imbind®nluhbmREbrodddastipdrdhsittee sPreoisédvia claimsH, d
qual ity neasurenent

wherein said first signal and said second signal represent the same audio information.
31. An in-band on-channel broadcasting transmitter as recited in claim 27,
wherein:

said first carrier is frequency modulated;

15 said upper sideband ranges from about 130 kHz to about 199 kHz from said
first carrier; and

said lower sideband ranges from about -130 kHz to about -199kHz from said
first carrier.

32. An in-band on-channe] broadcasting transmitter as recited in claim 31,

20  each of said upper and lower sidebands contains 95 of said subcarriers.

33. A method of receiving an in-band on-channel broadcast signal
including a first carrier modulated by a first signal, a plurality of subcarriers positioned in
upper and lower sidebands with respect to said first carrier to be broadcast and orthogonal
frequency division modulated by a second signal, wherein one of said first signal and said

25  second signal is delayed with respect to the other of said first signal and said second signal,
said method comprising the steps of:

demodulating said first carrier to produce a first demodulated signal;

demodulating said plurality of subcarriers to produce a second demodulated

signal;
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signal b
wei ghtin
0.0 and

| ess t ha
nmet hod o
br oadcas
provi din
at | east
transmt
(c) a
forma d

del ayed
audi o si

g factor being

eing | ess than sai Ijmardet erm ncd threshol d val ue. said second

1.0 responsive to

n Q,&%g ggdet ermined threshdl dvat ue. pCT/USOS21746  12.

f mtigating intermttent interruptions in an audio radio 10

t. conprising the steps of: (a)

g an audi o signal, -22- (b) nmodul ati ng
one first radio frequency signal wt )

s h said . ,
ting sai d &6ayse engphseidirsyand seeqnd degiodulated sigpals with respect to

ﬁ u"iﬂw noot hly transitioni ng between
Hg ur enent si gnal being

audi o siqgal for
(+}

' Y t ) ] .delay to said audio signal to
gcflhé}%g Qarufle gﬁé &SR éﬁﬁmxﬂ&@d fllgms,

aye ndant audl o sl gha

; (d)
modul ati ng at | eastelenimgoae eaid firshdndseconsifdeardylatd gigmhls w bhused to prasiaced

redundant qg%ho signal for transmrting said del ayed redundant

crut 51§na

a second radi o signal:

(e) sreceiving satdlutingah oatpdt SigeANA réspokise 16 itlg @l tedsher sFaaidefilsn gnd?0

said aud

io signal and sald del aved redundant audi o signal:

(f) meteroRy demedulpted yighdlsisur ement of at |east said received first

radi o si
pr edet er

bei ng su
(h) e
bei ngieq
pr edet er
pr edet er

15

20

25

30

gnal : 34. A method of receiving an in{t3hd on-&gﬂiep%r@adéﬁf: Qpdal as

m ned tinme del ay to said recovered audio signal to forma
del ayed puetitedrip aivhi 33, svhgredn said first signab peimprisesi en @natpg e@gnali and sl segond5

bstantially e | said first predetermned tine del ay:
T defrinds SRR ol

Wei ghting factor. said first weighting factor
ual to 1.0 38henAsaiethodusfl tetaiving anuincband tonkchamre! Ibe@dtasasiggtlcas as a

A

Eeaigc% ip FW%S&?@%&%@% %lgsgggg Cci:m%{)rr?s%g gld}/gittalr saignsai gr:dosre]z}dn s%crgn% s?g'ngl over a

comprises an analog signal.

36. A method of receiving an in-band on-channel broadcast signal as
recited in claim 33, wherein said first signal and said second signal represent the same audio
information.

37. A method of receiving an in-band on-channel broadcast signal as
recited in claim 33, wherein:

said first carrier is frequency modulated;

said upper sideband ranges from about .130 kHz to about 199 kHz from said
first carrier; and

said lower sideband ranges from about -130 kHz to about -199kHz from said
first carrier.

38. A method of receiving an in-band on-channel broadcast signal as
recited in claim 37, each of said upper and lower sidebands contains 95 of said subcarriers.

39. A method of receiving an in-band on-channel broadcast signal as
recited in claim 33, wherein said step of sélecting one said first and second demodulated
signals to be used to produce an output signal comprises the step of:

detecting degradation of one said first and second demodulated signals by
determining one or more parameters selected from the group consisting of signal-to-noise

ratio, bit error rate, signal power level and cyclic redundancy check.
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qual ity neasurement is |less than said predetermined threshold value; 30
(i) establishing a seco”"l“ﬂ”ﬂrnllnﬂ szmor, sai d second wei ghting
SUBSTI TUTE SHEET (RULE 25) II "

18 f awb@b2609% Ng equal *t & 0.0 Wheh said qual ity neasuperesds2ifueat
| east as great as said predeterm ned threshold val ue and snoothly
transitioning to 1.0 over said predetermned tine peri od when said

qual ity nmeasurenent is |ess than sai d$redetermni ned threshol g val ue; .
(1) conbi ni ng sa first tlng factor and said del ayed prinmary
audi o signal, and cdhbi nia*nﬁ"eg’g PISEETHTE A& ghbandgon-shanss! bredcast; %lgléPéI%iyed
redundant r@di'l@ﬂ Qn claim 33, G#tRlein said step of selec’ang one said first and (s€dond dé faftang
sai d wei ghted del ayed prinmary audi 0 signal and sald wei ghte el ayed
redundant Skegalsdo B¢ wssdto p@dmramoatp@bmwg reraprisgsiths stipgpfial ; and iy
(1) provi di ng an 9 | @@% LCQLCQ'L‘ d 05| te

audi o si gnal t her et Bﬂﬁlﬂlﬁ)g hﬁaﬂﬂlmgds{zr%gleﬁt 1 rep 1}9«3 o? aj % 1;@%1 ted in
Cl ai m 32 where sai desaléphm’g anfiritimetghting d4ctor wherl £Ad tqualitg nf:daﬁl&éméxﬁdih dess

fre uenc I ude of digitally encoding said audio signal.
| yéhaf?w%Fﬁcﬁfe% fﬁit‘@ﬁ?rm 13 where said step of receiving

'nC| udes the step OEstﬂﬁQB%F@&e&ﬂnﬂ@véi SRRy FARsH PR Qi 191[1%] meé]sﬁrement is less 19

The nethod as recited in aim 12 where said step of ‘adding a first

pr edet er nitt@aidi prgdetramined tiveshaldespluche step of selecting a time delay within
the approxi mting  combining said first weighting factor and said first signal, and combining said

10 second weighting factor and said second signal; and
combining said weighted first signal and said weighted second signal to form a
composite audio signal; and
coupling said composite audio signal to an output.
41. A receiver for an in-band on-channel broadcast signal including a first
15 carrier modulated by a first signal, a plurality of subcarriers positioned in upper and lower
sidebands with respect to said first carrier to be broadcast and orthogonal frequency division
modulated by a second signal, wherein one of said first signal and said second signal is
delayed with respect to the other of said first and said second signal, said receiver comprising:
means for demodulating said first carrier to produce a first demodulated
20  signal;
means for demodulating said plurality of subcarriers to produce a second
demodulated signal; .
means for delaying one of said first and second demodulated signals with
respect to the other of said first and second demodulated signals;
25 means for selecting one said first and second demodulated signals to be used
to produce an output signal; and
means for producing an output signal in response to the selected one of said

first and second demodulated signals.
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range of 2.0 - 5.0 seconds. 16, The met hod as .

recited in Claim1l1l4 where th I ng at | east one first
radi o frequency signal incl u$@mm‘rf \“Ibdul ating at | east one carrier

20 spaced within the approxi kngtramge of 130 - 199 ki obg17hd OM @
sal

center freX®WEP%Bt an FM broadcast signal spectrum w
digitally encoded audi o signal. 17. The net hod as
recited in Claim 16 where the step ofzsnodul ating at | east one second

radi o frequency signal includes the step of nodul ating at | east one radio

frequency signal wid2hi n Aareckiverbfop addadtnd ogHehinnsh bohdaast sigah as aedtediéh ayed

redundant audi o 2 si gnal . . 18. The net had .as

recited i HeE é‘?mwi‘ér%g?lg firfesignal FORPrISES AN 373loR, Signel and STlgﬁfongnﬁg%aécond

radi o fregsigiiys Sdignalsignfic! udes the step of nodul ating at |east one SCA

subcarrier of said FM broadcast si gn_alb scﬁ)_ectrum wi th said del ayed redundant
an

audi o si gnal . 43. A receiver for apgin-bandriga-chenngbrogdcaptesignad @s jreritef dpm 12

where sai g, [ : [ £V : j i : of
oo o SR80 U0l RS TR el o 50
-19- an gratngpignehsi sting of signal-to-noise ratio, bit error rate,

si gnal power level gnd cyclic requndancy check. . o g

200" Roet hod of 4t i GLETERYER i Pt HEn OREHERET PRSI 48 TEB AR on-
channel dtigint a1, awdefid s8id 08B bighM SifdMsaidiedond Nsigmd regron @le bdgd wais at

| east one carri.er S signal nodul ated with an anal og audi o signal and a
pl urali tymcg‘?ms‘iﬂ%ar riers nodulated with a digital representation of

the agal og audio signal A CQERLL ﬁjrr%ei%xhﬁnétoﬁ-‘lﬁaﬂfci broadcast sjgnal as recited in. (a)

adding a predetermned first tine ay to the anal og audro signal prior
claim 41, wherein:

said first carrier is frequency modulated;
said upper sideband ranges from about 130 kHz to about 199 kHz from said
first carrier; and
15 said lower sideband ranges from about -130 kHz to about -199kHz from said
first carrier.
46. A receiver for an in-band on-channel broadcast signal as recited in
claim 45, each of said upper and lower sidebands contains 95 of said subcarriers.
47. A receiver for an in-band on-channel broadcast signal as recited in
20 claim 4], wherein said means for selecting one said first and second demodulated signals to
be used to produce an output signal comprises:
means for detecting degradation of one said first and second demodulated
signals by determining one or more parameters selected from the group consisting of signal-
tq-noise ratio, bit error rate, signal power level and cyclic redundancy check.
25 48. A receiver for an in-band on-channel broadcast signal as recited in
claim 41, wherein said means for selecting one said first and second demodulated signals to
be used to produce an output signal comprises:

means for providing a quality measurement signal representative of said first

signal;
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to nodul ation of the at |east one carrier signal, the anal og audio signai

bei ng del ayed rel ative to the digital representation of the anal og
audi o signal; 10 ' I ding a receiver for receiving
o2t ks gasone o NBUTILRPRIG: 2, "2l
subcarriers to recover said ayed man&l og audi o signal and sa
digital representation of the anal og audi o signal; (c)
detecting a predeterm ned |evel of de#radation in said di gi tal

representation of the anal og audio sjgnal; 15 (d)” adding a
pr edet er ni ned secondnqaf‘f'rg’r &gF*g?E’E‘B asfHF‘d"’f‘éEl'&“B54°t<?ré’d?e§§é1ﬁt%!9’iﬂbirmeasurem@ﬂ t he
anal og aud;s(pesgtm%dgfge@ﬁﬂﬁggﬂéggolg%lqe del ayed digital representation of

t he anal og audi 0 si gnal forma primary audi o signal; and

(e) substituting degags dier as@hm oy ssemtido veighting  factor seheh pridmauylitaudi o

I d d. 20
SI gna A mer'ltﬂﬁggJl %B{ﬁ‘i’%&ﬁqéﬂ‘s gﬂgﬁﬁlgrmod:%rzfg@gzﬁ ‘R;;O(r:]olmsarl glt ﬁgtfhe steps of.

pr ovi di ng a first singaas férocdnbiming aaidafirst weighting factor and said first RigaMl, GhAg a
second signal .t,0 be broa del ayi ng one of said

first signembinigs sad Becg’é‘g\‘f{ﬁ&{’%’?ggfﬁ%{w Wdtsﬁ‘drs%"é’t%@@gn%[oaqdhe ot her of said
first signal and Sa'n%aﬁ@@&nam%lﬂﬁg said2weighted ﬁrst signal and saf ééhﬂt%& rgg’co?idf' r St
carrier with a first one of said Tirst srgnal anégsalaa

or t hogonal Slmm@m?cﬂmm%tpendlmmlmndng a plurality of subcar riers WI t h a
second one of said f ond signal aid plurality of

subcarriers .bei ng rﬁeraﬁéptggll:%on %E‘?%&%g%? @ho P gﬁ%ands wth respect
to said first carrier;

-20 -
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conbining said first carrier and said plurality of subcarriers to produce a

conposite signal; and transmtting said conposite

si gnal . 22. A nmet hod of in-band on-channel

br oadcastin as oo CI ted in claim2l, 5 wherein said firsStpcgingiaghi7§0pPri ses
an anal og s 0hd said second si gnal conprises a digital si gnal .
23. A net hod of i n-band on-channel broadcasting as recited in claim 21,
wherein said first signal conprises a digital signal and said second signal
conprises an anal og signal. 10 24. A net hod of

i n-band on-channel broadcasting as reci ted“Z claim 21, wherein said

first signal and said sedond stgndal T epresent The 'sa'ms‘ audi o i nformati on.
25. A met hod of in- bgp(ﬂ on-ch&nel broadcasting as recited in claim?21,
wher ei n: - y rst carri erNi s frequéncy nodul ated; 15
sai d upper sideband range t 130 kHz teo about 199—khz-fsx om-saﬂ d
first carrier; «and | sai d | ower si deband ranges dbﬁ
about -130 kHz BoNaboyt 4 irst catrier.

26. A net hod of \n-band roadcast ng as recit[ed in Elai m|25
20 each ofgFaid u . S 95 of said |
subcarriers.~ >11 chahnel astli ng
transmtter co i Si né l prbvli di ng \4 'euslt
signal to be broaticds® | provi ding g sé.‘Eqnd
signal to be broadcass | delqyl ng ohe of sai d

first signal and.said? ednnd.SI_gna.LJM.th.z.eﬁpet 25 |{to H"e gt her of sald
first signal a

ond nal . o - me
rmdulatlngaflﬁf cgrl r V\ﬁ&lﬁ ms& flrsﬂ :SI

second signal ; 0 f grl ol tTioggnal )1 e @i vi sion
nodul ating a r |H' sube & 'q 'Jﬁhla eqondl o 2 'f"i rst

signal and saq se 'Qng sgh d Jity ,of S| ieks bel ng
positioned iR ypper dlo si debands w t r@%p_gbt alﬁ fi rstmcar rier;
®

| -
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-21- means for conbi ni ng said first carrier and said
plurality of subcarriers to produce a conposite signal; and
means for traggyYohbdynd Sai d conposite signal. 28, An

i n-band on-channel broadcasting transmtter as recited in cl%ﬁwsf%"“ 5
wherein said first signal conprises an anal og signal and said second signal
conprises a digital si gnal . 29. An i n-band
on-channel broadcasting transmtter as reciZéE in claim?27, - wherein
said first sign@iQconprises a digital 21§nal and sai§ second si gnal
conprises an anal og si gnal .pF18.30. Ap~TR<Jyand on- channel
broadcasting transnjftterpas recitied in claim?27, wherein said first
signal and said bane audi o i nformation,

31. An in-b W T & as TecrTed Thecl ai m
27, wherei n: ‘first carrier is frequency
nodul at ed; 15 sqi d/{i)per dd ranges from about 130
kHz to about 199 by iAst Brrier

said | ower sideband ranges from clbéut\/f’:\é\‘k}-k/t\évbgut V\TQQIZ'HZ fr{t)m sai d

first carrier. FIG.ZA
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32. An i n-band on-channel broadcasting transmtter as recited.in claim
31, 20 each of said upper and | ower sidebands contains 95 of said
subcarriers. 33. A method of receiving an in-band
on- channel Q&ng&?ﬁ; si gnal including a first carriepciRdiAtgd by a
first signal, plurality of subcarriers positioned in upper and

| ower sidebands with respect to said first carrier to be broadcast and

or t hogonal frequency division nodul ated by a second signal, wherein
one of said first signal and said 25 cond signal is delayed with
respect to the other of said first sigggﬁeand sai d second signal,

said nethod conprising the steps of: denodul ating said
first carrier to produce a first denodul ated si gnal

denodul ating said plurality of subcarriers to produce a second denodul at ed

si gnal ; -22 -
del ayi ng one of said first and second denodul ated signals with respect to
t he ot her of said first and second denodul ated si gnal s;
selecting one said first and second denpdul ated signals to be used to
pr oduce an output signal; a Q) = produci ng an out put
signal in response to the selectqd one |of sai|ld®irst and second
denodul at ed signal s. 34. A nmet hod of receiving an
i n-band on-channel broadcast signak;as fecited in claim33, wherein
said first signal conprises an anagpg 4i gnal {and sai d second si gha
conprises a digital signal. 10 35. A nmet hod of receiving
an i n-band on-channel broadcast gignal {as recited in claim33, wherein
said first signal conprises a digital dignal jasd said second signa
&
EE

_— |
//

A

0

kHz
FIG.3
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-400
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conprises: an anal og signal. .,
an in-band on-channel

said first signal and said second signa

i nformati on. w0 99220007

said first carrier

is

br oadcast signal as

36. A met hod of receiving
recited in claim33, wherein

represent the same audio 15

37. A method of receiving gRiddzRaRd

on- channel broadcast signal as recited in claim33, whereln:

frequency nodul at ed,;

sai d upper

si deband ranges from about 130 kHz to about 199 kHz fromsaid 20 first
sai d Iowgyzsideband ranges from about -130
a

carrier; and

kHz to about -199kHz from said first

A net hod of receiving an in-band on-channel

rrier. 38.
br oadcast signal as

recited in claim37. each of said upper and | ower sidebands contains 95 of
sai d subcarriers. 25 '

i n-band on-channel
said step of se

I n

to be used to prdduge

detecting degradati
determ ni ng one or
si gnal -t 0- noi 30

no

]

39.
g#dcast signal as

atio, bit ¥rror rate,

redundancy ch&
( RULE 26)

A met hod of receiving an
recited in claim33, wherein

j one said first and secgnd denodul at ed signal s
an out put signal comprfsesubhe step of:

of one said first and secod® denodul at ed si gnal s by
e paranetgrs sel ect ed fTowt he g oup consisting of

$ignal pows level and cyclic
SUBSTI TUTE SHEET
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40. A nmet hod of receiving an in-band on-channel broadcast signal as .
recited in claim33, wherein said step of selecting one said first and
second denodul at ed signals to be used to produce an output signa
conprises the step of: providing a quality neasurenent
si gnal repr ¥@MIve of said first signal; 5 PCTAIS98/21746
establishing a first weighting factor when said quality neasurenent is |ess
t han said predeterm ned threshold val ue; establishing a
second wei ghting factor when said qualEﬁy measurenent is less - t han
sai d predeterm ned threshold val ue; conbi ning said
first weighting factor and said first signal /~Ad conbi nyng said 10

second wei ghting factor and said second%i gR o

conbi ning said weighted first signal anc=sai d yei ghted secgnd signal to
forma conposite audi o signal; and coupling said
conposite audi o signal to an output. A receiver
for an in-band on-channel broadcast Siogmil 5 carrier
nmodul ated by a first signal, a plural®ty ; tijoned i n upper
and | ower si debands with respect to sa $ !
and orthogonal frequency division nodu by a second signal,
wherein one of said fiyst signal and said s i i
with respect to th her of said first and saJd second signal, said
receiver conpri sing: nmeans| f or denodul ating said first
carrier to produce ajfirst denodul ated 20 sigpal

means for denegul®tipg said plurality of suhcatriers to produce a second

denodul at ed s&nal ; meahs for|del aying one of said
first and second denpdul ated signals with »=regpect +0 the other of said
first and second denpdul at ed sigﬁgls; 25 S nmeans for
selecting one said first and secon demodul it & sfgnals to be used to
produce an out put s+ and means for producing an
out put sig in onge to th el ected one Ppt said first and second
denodul at ee@si sEg .
S
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S
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- 24 - 42. A receiver for an in-band on-channel
broadcast signal as recited in claimd4l, wherein said first signa
conpri ses an woay/mgesi gnal and said second signal  CONPrEcEafse@diegi t al
si gnal . 43. A receiver for an in-band on-channel
broadcast signal as recited in 5 claim4l, wherein said first signa
conprises a digital signal and said secq5p7signal conpri ses an anal og
si gnal . 44, A receiver forean in-band on-channel
broadcast signal as recited in claim 41, @wherein said first signal
and sai d second signal reﬁ?e nt the sane audio information. 10

45, A receiver for an in-baRd on-channcl broadgast signal as recited in
claim4l, wherein: said first\ carrier is frequency
nodul at ed; sai d upper side anges from about 130
kHz to about 199 kHz—from.sai g. :E f

sai d |-ower sideband |ranges from afdut -199¥Hz fromsaid
first carrier. 46 =" for an in-band

on- channel broadcast| signal as recited in each of said upper
and | ower sjgdebands [contains 95 of said subcairiefs.
47. A recebvg&ffor_an i n-band on-channel broadclast signal as recited in

20 claim 21, graipn _said means for selecting one said first and second
denodul ated si ghNg
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be used to produce an output signal conprises: a means
for detecting degradation of one said first and second derodul at ed
si gnal s by detern1n|ng one or nore paraneters selected fromthe group

consi sting of S|&ﬁ2 to-noise ratio, bit error rate, p&f@sh1ReVer
dundancy

| evel and c%ﬂ@ check. 25 48. A receiver for
an i n-band on-channel broadcast signal as recited in claim4l, wherein
said means for selecting one said first afififsecond denmpdul ated signals to
be used to prqpuce an out put signal conprises: ) means

for providing p qu
si gnal ;
26)
means for estapl fstm a f§rst ghting facyor when s
measur enent '
means for estaplfi shingla secopd wei ghtingf facto
neasurenent is i df STERE®t br mi neHTERED
means for conb \epghting/f actppr and sgid flrst S|gnal and
conbi ni ng said o '

means for conb
signal to form

y fggeurengnt signal i resentati v, said first
24& Zﬁg SUBSTI TUTEZ SHEET ( RULE
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rré-ans ~f';or coupling said conposite.audio H,mmm"'lﬂmnmﬁut
o . : w0 g L Rl ] .-.IECT/L:S?‘.‘__SIZ.!:7_46

(9]
tn

th

-17-

radio frequency signal within an FM broadcast signal spectrum.
10. The system as recited in Claim 9 where said first carrier is at least one
SCA subcarrier of said FM broadcast signal spectrum.
. il. The system as recited in Claim | where said first weighiing ractor is a
function smoothly transitioning between 1.0 and 0.0 responsive to said quality measurement
signal being less than said predetermiped threshold value. said second weighting factor being

a function smoothly transitioning between 0.0 and 1.0 responsive to said quality measurement
L

signal being less than said predetermined threshold vaiue.

12

A method of mitigating intermiuent interruptions in an audio radio
broadcast. comprising the steps of:

(a) providing an audio signal:

(b) modulating at least one first radio frequency signal with said
audio signal for transmitting said audio signal as a first radio signai:

(c) . adding a {Irst predetermined time dclay to said audio signal to
form a delayed redundant audio signal:

(d) moduiating at least one second radio frequency signal with
said delayed redundant audio signal for transmitnting saic delaved redundant audio signal as a
second radio signai;

. (e) receiving said first anc second radio signais and recovering
said audio signal and said delayed redundant audio signal:

() making a quality measurement of at least said received first
radio signal:

(g) adding a second predetermined time delay to said recovered
audio signal to form a delayed primarv audio signal. said second predetefmined time delay
being substantially equai to said first predetermined time delay:

(h) establishing a first weighting factor. said first weighting factor
being equal to 1.0 when said quality measurement is at least as great as a predetermined

threshold value and smoothly transitioning to 0.0 over a predetermined time period when said

quality measurement is less than said predetermined threshold value;

(i) establishing a second weighting factor, said second weighting
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(57) Abstract

A system (100) for mitigating
intermittent interruptions in an audio
radio broadcast system is provided
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(54) Title: A SYSTEM AND METHOD FOR MITIGATING INTERMITTENT INTERRUPTIONS IN AN AUDIO RADIO BROAD-

wherein a primary radio signal and a
redundant radio signal are transmitted
from a transmitter subsystem (120)
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and received by a receiver subsystem
(140). The output (112) of an audio

source (110) is coupled to a modulator
(160) for modulating a radio frequency
signal (162) for coupling to a transmit
antenna (172). A second output (114)
of audio source (110) is coupled to
a delay circuit (116), for adding a
predetermined time delay thereto, The
delayed audio source signal is coupled
to a modulator (164) for modulating
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a second radio frequency signal (166)
that is also coupled to the transmit

antenna (172). The recetver subsystem
(140) receives both the primary radio
signal and the delayed redundant radio
signal and couples ecach to a respective
demodulator (180, 182). At least
demodulator (180) includes a circuit
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control circuit (190). The recovered primary audio signal from dem

(181) for determining the degradation in the primary radio signal and provides a quality measurement output signal (186) to a blend

odulator (180) is coupled to a second delay circuit (184), the time

delay of second delay circuit (184) being substantially equal to the time delay of delay circuit (116). The audio output from delay circuit
(184) and the redundant audio output from demodulator (182} are coupled to a blending subsystem (135), wherein each is combined with
a weighting factor and then combined together to form a composite audio signal for coupling to the audio output circuit (150).




