SYSTEM FOR DI G TAL DATA The pres relates to a nodul ation

t echni quVAW/¥B2%r ovi des a hi gh data Late. rough band | i RCTAEGOKIEFNE] S,
and in particular to an in-band-on channel (1 BOC) FM broadcast nodul ation
systemfor digital data, especially 51digital audio. In the United States,
FM br oadca8 BAMND {ON+CHANNEL BROADOASTISYSTENRROR MGITIAL DAT A Hz of
their assigned carrier frequency at full power, and from 100 kHz to 200 kHz
around the carrier at 30 dB down fromfull power. The standard stereo audio
signal is pkﬁﬁe&ehé‘n@in%ﬁﬂ%QEEtg\é t&la"magd nO{eCWF\?qJe Wi H}cﬁfideér he
broadcaster 1s, thus, able to transmt other 1Tnformation In e remai nder

< of thehlgindstdadtate thrdghcbahd lihiedcomsineds Nasd (e partidigst ®ban én-bbhdhers becone
desirabl e for FM broadcasters to sinultaneously broadcast stereo audio and

di gi t afhannel (IBRE) &My ibreadenst anedulption systemdopidigital slatasesneciali gh quality
-verii on; o,e‘ %pgiost ereo audi o being broadcast. This requires a 15 relatively
hi g {géal] channel which is restricted to a relatively narrow

bandwi dt h. For exanple, a digital data streamcarrying high quality audio
can have a bit rate of 128 kilobits per second (kbps). A signal carrying
such a dat alrsthebinitedndiateseFVrhneadcasteds cantthansmait dvdodinatiananl abl e i n an

T BERE S IS 100 oE T heriohed o oty SRS A oc
dat a ahgm iRy KH2UB JEG &R HHoaHEnEaRRE ft gﬁg&@gpwr?fﬂo'maﬁgo dwi dt h.

Many nodul ation techni ques have been devel ope I ncreasin e data rate
t hr ougliha sthadavel stefes aedngiAal iMHEayed s dadviittk Qviein (FPEKHzaTdhe
Quadrature Anplitude Mdul ation (QAM techni ques 25 permt conpression by
ent®di Aarrerpl theabragdegsierdsativis, wble te snsmisethen inéermatidroin ttBuch syst ens
have constral nt ssociat.ed with the First, .the hardwaye associated with
such s%‘a’ﬁg’er E?éﬁﬁmg HYPIPE Wthe cNstHaints gﬁﬁﬂﬂﬁﬁ{@%‘)‘f"equi re a high
| evel of channel linearity in order to operate properly. WO U2/ 119329

PCT/ US111/ 228s( 1
It has become desirable for FM broadcasters to simultaneously broadcast

. e3et XdT6Tr R WO 02/ 09329 PCT/ usmemmﬂmmwwm | N- BAND- ON- CHANNEL BROADCAST2Z

stereo audio and digital data. The digital data could, for example, represent a
high quality version of the stereo audio being broadcast. This requires a

156 relatively high data rate channel which is restricted to a relatively narrow
bandwidth. For example, a digital data stream carrying high quality audio can
have a bit rate of 128 kilobits per second (kbps). A signal carrying such a data
stream cannot be transmitted in the bandwidth available in an FM broadcast
signal without some form of compression to decrease the bandwidth required for

20 the signal.

It is always desirable to provide data at higher data rates through channels
which have limited bandwidth. Many modulation techniques have been
developed for increasing the data rate through a channel. For example, M-ary
phase shift keyed (PSK) and Quadrature Amplitude Modulation {(QAM) techniques

25 permit compression by encoding a plurality of data bits in each transmitted
symbol. Such systems have constraints associated with them. First, the
hardware associated with such systems is expensive. This is because these

techniques require a high level of channel linearity in order to operate properly.
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2 Consequently, extensive signal processing nmust be perforned for carrier
tracki ng, synbol recovery, interpolation and signal shaping. Second., such
techni quesd ew®3mensitive to nultipath effects. These eff eB€HUAEEL8%0 be
conpensated for in the receiver. Third, these systens often require

bandw dt hs 5 beyond those available imsonme applications (for exanple

I n- baniCiyeriianag! ekaférﬁﬁkff‘élgfg_nﬁl\/bﬁj&@grn?l PUsE Be\Vperarnéd féheartigpi red data
rates. In accordance with principles of the present invention, an FM

br oadc dsackimgnsyrnbokrecovang ninterpalaiopaaivchsigrsi ghapingavbegprad,cauchi er at a
broadcast, frequency and. sidebands, able to pbe transmitted at full power,

wi t hi n t§CRPigHERAEGSERSKIYEAR TUHIRAtB AitPGtRe 12698 elfectsinggttIQBEs a source of

.a nodul ' -havi [ t ncy
and- oy R eHEA REh M PR i e Serdhe diferr FERIRE BLnd WRANETEY, |
r epses &idyiohd thosteieMabliedifddomé tapplistion | fod examme wi-bandforachashilat ed | BOC

.signal, having carrier pulses spaced relative to each other to represent

t he | BdbrodicastdfMdsitkcastigagrvinet ddethexdesirad data ratese pul se wi dt h encoded
signal, and a bandwidth within the transm ssion bandw dth not overl appi ng
the FM stereo signal sidebands. A signal conbiner conbines the nodul ated FM

st er 0 si anah ;e aRAA RGBT §iedplsoh® ifwildherbFMASieaBEast anal

In accordance with another aspect of the present invention, an FM 20
br oadc asangmaitErteansmaiteiavieoaacbsosidoakhawngreatairiec latdi bpasichst fequeday at ed
signal representing an FM stereo signal, and a second nodul ated signal,

havi ng ?iﬂépa'b%'s%%'estﬁal?ﬁeaaf‘émttt? é’ttfH!' @é’c‘,’}ﬁerot"]ﬁiéif‘int%"@é‘ﬁ%%ﬂ? an
| N-RaN i GiaAN BRbud HEbaflidt LR lindlBlas 8! HiRke BFCPRRMY Ritel PiTSBIR0E Pul s
wi dt'h encoded signal. Tt I'ncl udes a Signal separator tor generating a first

separ atghAifgahg ecdreiseat ithe bl e dabk 2egiieptgaarii Bavihgasidebarrizcaitt a
separated signal representing the IBOC digital data signal. An FM signal
pr oces dmndyeidth desssthansther enamifisiors bgndwidéprepsesarsindy stereorsigralerléo
signal. An. | si gnal pracessaor, ge es. a digital data signal

repr eséﬂ?%épcg‘s%‘?%@ %‘B&gdﬁ?@ ?‘é’ld”bagf’aeféé alp_naﬁ '@FFT%&"%%@ I

1 2285( : [ i el ;

nvent i 'Stvecid ECOBE, RERREAHE e BOE B TSIy eeoRer sy
chamnel varaible poeawiddha¢nooaled sigaal, datiaa bahdwddi téthirs itige atansittissohannel
is placed in the portion of the FM bandwi dth which can be transm tted at

full pdwlmwr_ﬁﬁlé nertr@EriaPpinetha Fitistesed sighal siiamandsc i Sigaseainer
channelcantpBisprn SRHuI-8E BN StitBe 0 il e R aB B bR kg 1im onc

circui tihy KRedssst ¥ighal.i npl ement this channel in a receiver is relatively
smal |, and may be coupled to the output of the preexisting IF circuit in
the receiver. 10 In the drawi ng: Brief Description of the Draw ng

In accordance with another aspect of the present invention, an FM

20 broadcast receiver receives a broadcast signal including a first modulated signal
representing an FM stereo signal, and a second modulated signal, having carrier
pulses spaced relative to each other to represent an in-band-on-channel (IBOC)
digital data signal encoded as a variable pulse width encoded signal. It includes
a signal separator for generating a first separated signal representing the FM

25 stereo signal and a second separated signal representing the IBOC digital data
signal. An FM signal processor generates a stereo audio signal represented by
the FM stereo signal. An IBOC signal processor generates a digital data signal

represented by the IBOC digital data signal.



Fig. 1 is a block diagram of a nodul ator which may be used in an FM
broadcast system according to the present invention; Fig. 2 is a waveform
di agr am wae6293t9n under st andi ng t he operation of the 15 nbaOU&0 122850
illustrated in Fig. 1; Fig. 3 is a block diagramof a receiver which can
receive a signal nodul ated according t®» the nodulator illustrated in Fig.

1; Fig. 4 isThHe sue®iduenadtodinge IRé @}inb@_lwee&ﬁéw&éﬁ iAVeRiOH pFRites of
the nodul ation technique illustrated in Figs. 1 and 2 according to the
pr esentargBMi trapsmission Biygtend viBich ibtlodks @i sapomad ctiararel Elriyingdaakttively

channol VG Cataifafg S8tahaugehs JHIS PHRRTA FoRIBCRHgn 6% ROTHODI GEeck Mgr am of an
chan RS SdAS PR i Rorio| i
reco va e gREPME BT Bg bRt Tyl pok e U The HEERL) FBaiadRarca | o

Fi g5 5;implgmerft b6cia avetvaingl g edlagvam simpieibnd hexsiaissian/undet, e depsr at i on
+of anot her enbodi ment of a nodul ator which nmay be used in the present

i nvent ingi;reqAuige high shanpeblineaditygnainis stotawbiersrtoomdidhatbrprobleras.nddnel at or
whi ch 30, 1 e.used in the present invent. on; 112/ 41329 .

T Uil e eRftey pepSSaieo i amag A hanns! fF TeRBNAl Reralatyely
receiv i Vi i i kon, el receive the
G anal g ol PRR A B A e, PERRISRD il £t POV

di agr ameoéivar.nodul at or which may be used in the present 5 invention. In

Fig. 1, an input termnal IN receives a digital signal. The input term nal
INis coupled to an input term nal of an encoder 10. An output term nal of

t hgoencoder 10 is coupl ed togm{i%%?ip%ghmmle Bfava'n jfferentiator 20. An

output termnal of the differenti i's coupl’ed Po an input termnal of
a level detector 25. An output termnal of the |level detector 25 is coupled
toa first 1 oinput termnal of a mxer 30. Alocal oscillator 40 is
coupled to dnébédﬁé"‘{”ﬁ@ht term nal of the m xer 30. An output term nal of

e et 30451 U B A Ank P BT ARl S T BRRRR A B S0 0
whi ch gRBededtSsy3temdatSrathGtIfd pfedRhe invention;

Fig. 2 is a waveform diagram useful in understanding the operation of the

15  modulator illustrated in Fig. 1;

Fig. 3 is a block diagram of a receiver which can receive a signal modulated
according to the modulator illustrated in Fig. 1;

Fig. 4 is a spectrum diagram useful in understanding an application of the
modulation technique illustrated in Figs. 1 and 2 according to the present

20 invention;

Fig. 5 is a block diagram of an FM broadcast transmitter incorporating an
in-band-on-channel digital transmission channel according to the present
invention;

Fig. 6 is a block diagram of an FM broadcast receiver according to the

25 present invention which can receive a signal modulated by an FM broadcast
transmitter illustrated in Fig. 5;

Fig. 7 is a waveform diagram useful in understanding the operation of
another embodiment of a modulator which may be used in the present invention;

Fig. 8 is a block diagram of another embodiment of a modulator which

30 may be used in the present invention;



senting the digital signal at the input termnal IN 15 Fig. 2 is a

wavef orm di agram useful in understanding the operation of the nodul at or
illustraMdoyed®i g. 1. Fig. 2 is not drawn to scal e i n orBer/usa/azese
clearly illustrate the waveforns. In the illustrated enbodi nent, the
digital signal at the input ternminal INis a bilevel signal in

non-r et ur n- tFig.z81ie a(INRZk diagnant of Fhothesigmbbdinsent dfus recdieer, ashichemagp
waveform i nCEin?ﬁ 2. The NRZ signal, 6 carries 20 successive bits, each |asting

for a pSelRR heeBresent davertidie dvhich 4an reseiverthe sigoahPE3dusasa the nes i n
the N i I :Ngqa correspondi ng frequency called the bit rate.
The l%g?’ce%ﬁ@lﬁsé@ﬁ%ghg;’% aP'represents the value of that bit, all in a

- known mariner. The encoder 10 operates to encode the NRZ signal using a

vari abl e pulse wi.dth code. In the illystrated enbodi pent, the variable
pul se 25 wi (ﬁ%‘ )Qnd%lgr}?'gcg C(;%qriagbpgaamgayla;%r ¥iieh May bapiseddpdhe @resenidi ng
1S gesgmy N ] A . I catl on. , )i~ Eiled

(fiting d‘gﬁg))d bi/rdgitgﬁviénétﬂ;#s@)téﬁﬁﬁ%m'i\l ?QE%'?%%F %"95%?%@{'?&%?1&”@& si gnal
i s phagerneinabthds couplee foohh inputgerminetiof drehcdddr PEr 1204 olfpuithRrMRfalsi gnal
IS codeg 6}; a transition in the encoded 30 signal. An encoding clock at a
mul t i plod the enceder 3G isrcaupled tegadnput termisabet sdlifferantiatop 201 9809

PCT/ US Kbs Lgnal . . the abqve nentioned patent
appl | cg)t%l}é)n, tﬁﬁnazn%ﬂﬁ}eng cq%'gﬁg[lpﬁr#sd]?tC%“@S&éol\ﬁmpﬁ'ﬁqﬁ@ﬁ\ahﬁtai Ife! t he _
bi t 1 aidetedtbp25. hAnNBA Rk dBAINal 8AthE I det8sior BRI Couptad 116 \WPhirdt© @ ! 0gi ¢
‘0" level, a transition is nmade in the encoded signal elgﬁt encodi ng cl ock
cytP es inmutteyminalmftaonigerd0ous local rosciliatar 48 MhmupldietdNBGesbgtddhput
transihions Lﬁﬁmal.o evel toalogic ' 1° , atransitionis

ic 0 | | evel
made i H°THE2 H&%E‘%g%ﬁ% AD wreYhisrIpRLEk the, Bixer %@ﬁcguweﬂrwme

previo r S Yolr} . J e i tiagn Ls if
Succoo R BTN e PRAGRA R (B TR ARl re RS & AlBPFRO 1
encodedoaplgdajo ah ReitercestintigalcOOTK veieh &fer(eMitels’ # MddifatedSsighdladptdl on. The
variable 1 o aperture coded signal (VAC) is illustrated as ?he second

wavef oPaNiiRg ithe digitalignalaati thislispupterminel Boded signal (VAC) is
differentiated by the differentiator 20 to produce a series of pulses tine
aligned with transitions in the VAC signal. The differentiator al so gives a
901eegr ee phigse2 &hafwaveformedidd@mudefdtinngndirgtamding-aedbparagidgcof the
transitio r0®1ce posi Eﬁ_ve-goi,ng pul ses and 15 trailing edge transitions
producH‘Odg'@%l T SERted pdTiged: Hoi 2iip netidiawn traRele in TRdedtd marent i at ed

VAC si : i i i . Fj e.2 Th T~ C
si gn:t: g{éghlyg\%#)r%{eetsteHcelt e b?/@'{rﬁ% F’gyﬁ]ﬁl&éﬂ@é&%%%'@%&nﬂ%g{i@'tﬁl §'@rni%é§ of
trilevet tipeirges teavirg INGS BidveBRrial il asn-rdbem-idgerdi (NFEZ)eafmat ed VAC

signal _a SAC has a value greater than a positive threshold value, a |evel
si gnal This signgkisdlasicatashas tae tomwgveiatradn Riged. i ThenbifRZasigablueartiess t han a

negat i reshpld val,u a |l evel signal .is generat havi ng a | ow val ue,
ot%Zr ng%é%sﬁﬁeagltg, Eg?ﬂ g"’,’st\?gl ﬁ)é,a %ﬁeldgf‘?f"%fnﬁﬂgﬁﬁ'oﬁﬁﬁﬁgﬁ t?‘?n'%'glpé{}'éﬁr signal is
shown i R Signa B ; ' | ates a
carri ergﬁ?s\ipvkg\(ral?axlf g??%% ?Hggﬁfgég% osc%llglng{'odrrgiggylﬁggfctb e%ﬂoi@ﬁ@%ed{%%%ggl tive
pul se pallatlittes bl note.s dhef lewak of Bre NRZnsgnalandpngsemtt ithe tvapase thasit 2

negat i V@rpul se produces aggul se of carrier signal having a_second phase.
The fi PN ANURR SRINMETas EBE Sneofere Broparytas s ensrdeths NRZosidear esisgout  of

phase. (" el 8 ul.se % . prefe I tially one coding

ol ook ® VURPE BBy B ARl BBt it B TgRY Wi s Rlss

| | 215t nadtbrloodd sl Riiabl 1 apeduEgdd OV pfable BERTK Bbdinglis Ueabribbg N2 i ¢
period. The frequency of the local oscillator 40 signal “is selected so that
. pref erdetayl intU1Sedfatent Application{RCAe88 @4H) tikedi (filinp atatsi hndinveator¢s)g.ur
during, the carrier signal pul time period. In Fig. 2, the carrier signal
CARR i & {o}"? Iplau%rftr?ﬂ@tf%g?nt 78 @ggtséﬁﬁmg%é‘ﬁﬁﬁnﬁoﬂﬁgd’h thedoliwinger signal is
. represgphadrby vertical hatching within respective rectangul ar envel opes.

In the CARR signal illustrated in Fig. 2, the phase of carrier pulses
generated in response to positivegoing LEVEL pul ses are represented by a "

regat . Ea 8 Bacplod HAPRFPUBER BRI £ ParRB I ind Spcodsdt » -
r e3y essighabnAy endtingciedi 3t 3 FRUIGRE REoPRAS Bitdidlhb ¢4 0568 %o M8 JoRk
intended to represent any absol ute phase. The BPF 50 filters out all

"out - of - band"” Fourier conponents in the CARR signal, as well as the carrier
conponent itself and one of the sidebands, |eaving only a single sideband
signal. The output signal OUT fromthe BPF 50, thus, is a 15 single

si deband (SSB) phase or frequency nodul ated signal representing the NRZ

. . o, . a o e v o



Fig. 3 is a block diagramof a receiver which can receive a signal

nodul ated as illustrated in Fig. 1. In Fig. 3, an input termnal INis
coupl ed MO ®/PJ2%ource of a signal nodul ated as descri bedrabwsel/ 28t
reference to Figs. 1 and 2. The input termnal INis coupled to an input
termnal of a BPF 1 10. An output termdnal of the BPF 110 is coupled to an
i nput  ttee NRBsigeial ann ithe edoek hedZéned\patsitiaplicatishNethe ehcbding c1berr at or
120 is coupled to an input termnal of a limting anplifier 130. An out put
t er mi n&A¥N® et @vate Miwhigg iamine timas tdeobitsatoupViesh the ARZ2S8ignaput t er mi nal

of a detector 140. An output term nal .of fhe detector. 140 i s cqQup]ed to an

i nput ?LW?‘PJ?S UP"baggg'(‘}dgr th@_to&%@. pBit Pe["@ﬁrﬁ H&PS'('S‘Pnt'ﬁé“agﬁd@lg(“e 150

- reprod i i t ] i Lt he | nput

L or i ner PRV SR Mo f iR SRR SrciBY (M1F) FRAHR Brevibde Harfii™® | o apr
1 19 f WhensheNRDgigral tkemsitisisoinehsa ipgissiondevanhty 4 logid01 medul, at V\Ed SSB

*signal. The integrator 120 reverses the 90 degree phase shift
(12/ 0 tspsiterisydetedindde encaded signali HY esgadivg dock isyclist Mreht framor 20

(of Fi . The limhtin | fi 130 restricts the.anplitude of the

si gnal g’?? é’ﬁ%\f'ﬁggﬁm@@é@'o?’\@%t?%@%&@aéﬁf)eﬁﬁﬁ}ti‘ctfélmét.“)%h@aéi'ﬁhfal fromthe
lim ti gocesdyivé bk Had@ t 0B i i | GARR
illustrated in I’Qi g. 2. ﬂrﬁéﬁgt@g?g%r' ﬂlglg‘amiagﬁgigitﬁgrlsﬁgéﬁll@&géﬁ%bﬁ m nat or, or
a phaseidnat kénk boopdifBldlypclusedet dMieirodutiat st mnsMoor, Phenkeigdbid ed,
respectively, carrier pulse signals. The detector 140 detects the carrier
pulQes aHﬁHUé’eﬁgaﬁfi&g'&"t‘l\/f&)éF iy syratedras, thegsegands waveferm épFigseht ed by t he
phase and tim ngs of those pul ses. The output of the detector 140 is the
vari able bit w dth signal corresponding to the VAC signal in Fig. 2. The
decoder 150 Thervasiahle epertiure epded signalt(VévClos ditferemiadeidbylthe( of Fig. 1 ),
and genetates. the,NRZ signal, corresponding.to t.he NRZ signal.in Fig. 2, at
t he oupﬁa?'le{'g'#ﬁrn%\ t&?lr.og‘fﬁ% AFB\FE- HPIiSSﬁgH'“‘U"" gnesh ER TSIt Qng i”oﬁ"e(RCA
88, 945)y Mestaridresr i [ (4R oFd . si gnal
at the out%ﬁ‘{ a?er r?ngﬁwﬁﬁ?t?%ﬁ%bg{égﬁggg%e%%sﬂﬂaigiezéﬁtoﬁ tgygﬁﬁlﬁﬁzy (not
shown) mddulBdcgusignal hd eading edgeulassitidrs groalucEATSSitive-goihg ilsesamd at wel |
defined tinmes with respect to each ot her, and because those pul ses are

i I t e&&INYBFGS tERSItIgNS Brosiseinaaative-geinrlsase alldner kapwiumapney. at

ti mes when pul ses are expect edaVFEEr exanple, in the illustrated enbodi nent,
as desdheldifferentitetediV AGhsigeal fuillsetrbésd as dbé ahird Bign sh @garal2y 1 /9
of the time between NRZ 20 sign&f transition times. After a carrier pulse
is receiveg,3/L9 of the time between NRZ signal transitions since the

pr ecediThg -€ar+ signplissievel dpreesahbi nihedeteladdtentpre?if ed ,geheesreeslisagepul ses
are expect e@tonly at 9/9 (no transition) or 10/9 (leading edge) of the tine

bet wee i tr.ansi t.i r p e i M. I af a carrier
pul se. Dt Reve! fRks sARE bhRRRn! HEMIDRReN WEB o M Slantinedd MG s nce 25
the precedi my4arrier pulse (representing a |eading edge), succeeding

pul sesSigngl e thas divluegregter thanas Inosiveadusshnld o/adug na lavedsignal é%) of
the tine between NRZ signal transitions fromthat pulse. The detector 140
ony ngefeleMaRirkfla Migh VAIRAMKES iPHAS 8 Valu€1ga8Cthar a ABFatile YhiddhbRE
tenporal nei ghborhood of the duration of the expected pulSe. WO 02/ 09329
PCT/ USealue2 28evel Sgnalisrgrowirakgdt iawing & ldwi siahus, edhesvis@dt has gheentitem i n Fi g.
3, has an inﬂut tgrm’ nal cou'plﬁﬁ to status output term nal of the

det ect Y7 UB4G"dRF SRCWILBEPNElr MRSV RGNS SHONH 8RARE dOHHBNIINR ni nal of
t he deg@_o\ygg ih4g. 2he windowing timer 160 nonitors signals fromthe
detector 140 and enables the 5 detector only when a carrier pulse is
expected and only in the tenporal nei ghborhood of the duration of that

. pul se, degarii | p the il mhadi , 1k y inth
odul at od s QR e SO SdligreE A et G (M A TRt o<l SIE 1 s
t hes bi the atiger 300 AQIRftivEIBOIskYorBascas Ransué ot *&aﬂﬁeﬁsi%ﬂaitwﬁﬁ%tahﬁrsti! t rate.

This results in increasing the data rate through the bandw dth by ni ne

ti mes. popsRrant apressiverpulae iposdures 2 asildeyobchiriev sibria) halvaarsgcbhd rati o
of the |gncod.izlnéq clock to th(g Bit rate, vgt%tra e-of{az and constraints one
ski | | eBNPRt HR Syt g sacord anpsesprn RETRIAR!Y PHESWN AN 1RQ SEPHReS aBbve may
be inmp d wM; : {,SLd i i .t : PSK or
QA o o e KRl IOR it RPhteBlY Subtandaiy dild idinlldbdic o,
specifically, in the receiver, after the nodul ated signal is extracted,
limting anplifiers (e.g. 130} may be used, which is both | ess expensive
and saves power when conpared to other circuits0. Al so both the encoding
and decodi ng of the NRZ signal may be performed with nomnally fast
programmuabl e | ogi ¢ devices (PLDs). Such devices are relatively inexpensive

N N A a2 AN\ I Y



system so waveform shaping is not required. Further, there are no tracking
| oops required, except for the clock recovery |oop. Because, as descri bed
above, ca0 020932y ansm ssi on occurs only at bit boundari esPaRdSeigEssNot
continue for the entire bit period, tenporal w ndowi ng 25 may be used in
the receiver to detect received carrie pulses only at tinmes when pul ses
are exr@@%@@longoaﬁewené inOstidiel @mbediRerilhhé aP@ifatiBhadt ambstahtifiy heo
present system In accordance with princi pI es of the present invention, the
modul aton‘cthetwahrhltqpeﬂ(ﬂihsd’hebfedqlawmzseof thai el vecillators# sighaiis sbledted (e g.

bl S STl ihs it R
. br Oadcgﬁ. c%'rr%\‘a% Hggln%“g ‘g, IBSCtIII‘\ dba%@%Hf&d##néqp rst andi ng t he

applicatron o echnlq iTlhustra T and 2 to a

sys emjlpgpdtdng e mdm@ow m%fommw REHieR thElc@méIamghéustr@pt@%n&m b§ power
-envel ope for FM broadcast signals in the United States. In Fig. 4a, the

hor i zoveaticalireschingr within espestiverregtarandar epraterss. s Iratipﬁ)QAIiIﬁ signal he VHF
band wh b tely 88 NVHz d tely 10
S gnal ta%ﬁﬁnﬁ%&f EoHREBARSR: OF ko Rured odRerafeEin feaPorpmto ety g

| wQad d.
enve O?‘E’?i% ?%?i%&llé?f%ré réé'éﬁ’t‘é@”é grog cand 16é Phaks oar%rhIaI palseat e

Each car ustrated as a ertlca arrow. Arou eacn carrier are

si deban@snevdtedninaespyndeto hegaticesfoirsy QBYEL FpMIsezdaneateprlesemtetdycar'ri.er. | n
the United St ates, FMradi o stations may broadcast npnophgni ¢ and

st &0 eogttsn ¢ "a@nfl 5_* fewresenb@mrsubﬁtgnwbaﬁ% daarae rphféé differesicesrnd
th b trated hat ched. Th

S g Nk G N A A ik S
kHz to 200 kHz, but power transmitted in this band nust be 30 dB down from
full power. These si d bands are jillustrate haIched Adj acent s}@&hgns (in
the same gedgtaphFed fi Hﬁé?a?uhﬁﬁt ooy é’&&pa Qs coMmp ts4@GhR

I
U E o GRS FO0KE hOBaR  oPhehDReol BRl Cre B B Y B ARRE R .

4b, thenligrtsiagle siielbatd signabp MeeeditpulBigHaA0wn mﬁﬁcthétB’I%BOI nhés gis &b,
t he nmonophonic audio signal L + R audio signal is transmtted in the 0 to
151kHz sénglelsigeband (BRBInplnseael eareney mqq%éawd-swahmp@e%er&m thesNRZ

Suppr oh il B 1 BRI EPSaBRRL Al heoRolifar ot Pesslyer
I ' d deb d
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frequency of the suppressed carrier) is also included in the sidebands

dth t sqi&p‘g d (Fi 4b
g:lgu'?he I gmﬁbgﬁag%wg%ﬁl@ﬁ%%)aﬁgﬁamgh%ﬁn@%ﬁ{%?Ir| er ?I (e. | ?r om 253

kHz to mhBBuletBd asdnmstrstedMaifigbh e hoFighs, BndapggasdratinaloN :sV\Q)@;ﬂé@Qa%e
PCT/ US01/ 22850 10 broadcast additional information at full ';_;)ower
degbri sowre®of & sipnahinpdolaiegl asodesswibedzahavenwith rederensadio Rgst Ir?@de,é dB

d f full I Fi 1
and 2, TR U8B A5 Bubleg BN AR RIB A BEE) 1 1953 Sk & B ng
an MP3 Qﬂnmldftﬂﬁeﬁawdn@ i81 NPled PE¥NDRpGOTEHRASICSE aRthicrasniti®d Am a

bandwi dth | ess than 20 kHz. This digital audio signal may be placed in the

space hmitpetnesdinkHot dnalirkegratbiz 1i20 tsI"nH)uqbqaérto sindepahterniioal ekaﬁmhmhgand

transmtted as_a subcarrier signal fa 1? Wth th req | ar bro ast stereo
audr o SANTET 4307 A atetprming of tiimfingzegs THigT 1ERESHHRE 128 o
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coupled to an input terminal of a decoder 150. An output terminal of the

decoder 150 reproduces the NRZ signal represented by the modulated signal at

the input terminal IN and is coupled to an output terminal OUT.

In operation, the BPF 110 filters out out-of-band signals, passing only the

30 modulated SSB signal. The integrator 120 reverses the 90 degree phase shift



This is within 100 kHz of the main carrier and, thus, nmay be transmtted at
full power. Such a signal is terned an in-band-on-channel (IBOC) signal.
Fig. 5 i &0k di agram of an FM broadcast transmtter POT@SEERAEiG Ng an

i n- band-on-channel digital transm ssion channel according to the present 15
invention, and inplenented using the mopdul ati on techni que descri bed above
wi t h r efkichris éntroddtddh by kheiiffeedhifatot 20H08 Fid. 11 hIR8 IRhRME dmpifisch are
the sane as those illustrated in Fig. 1 are enclosed in a dashed rectangle
| abel ed 3Crreptrigts' thegaraplitieyahtieel signah frone thauintegedter ik tmantierssamind ar e
not de ﬁ'ﬁilaeg i n.det.ail Pel on.%'llfhe.conbi'g?Iio of the encoder 10, .

di f f er SNERIGHEE- Jdie pignal TR the liguting amriitiesd 3thgosprraRds) to dhacayiam ssB
- phase i l5 ( i Ch khg a digital
i nput gué{]egiﬁﬁtlﬁlgg)ﬁo @Plé% ,ﬁaﬂba'lazs' ?ﬁgﬁeﬁ%%@rglb%@es éﬁﬁ%’e?@m ence to Fig.
1. #n dligqguiminaesmional piedsd-lbekBRFobP (PEL)cessd &fldemoruldtenie KMrsr pral of an
~anplifier 60. An output term nal of the anplifier 60 is coupled to a first
i nput RPGklatad. gespreciMebndcarTiee PulE® signalsc obite 2Btensor 1144 dete8ts tise coupl ed
to as nd [ nput _term nal, of the second, m xer 70., An output term nal of
e so Pt ISHS 908 dBnBRatss ay bl T eving: HARsitiops TapFesested by the

{11t er MR ladofimfR oyl Plbeb o THeGlngdlt oRolddisledr 14GH4 ARl i i er 260
is coupled to a first input termnal o zg S|gnaF conbi ner . An out put

t er m nakrieblesbibiddtic agnabaseleapdndingn@l ther BAESsighaRikOFigs 230TheWlcedet 0 a

first i%ut termnal of a third mxer 220. Athird oscillator 230 is WO
0219 19328 perfpumprihe iavrrse ppesation of the eacedenn@ (ofifig. 1krarichaenerhtashe

third m ] higd g xer,, 220 is _coupled to an
mput 13 Rz Rfmah Tt PR ABHZ bidBel Bl Ry Fuanfikutbir SRENSDr The
second JUT! aHeaamovd-irRintidhed 9. S.0rmkRfl applicatiiF GICA| S Wad)ddschpbs @f the
signal conbi ner 250. An output term nal of the signal conbiner 250 is
coupl edecodemn1bApubichemaiyred uséd in Fgnd. Fimpl NRZ esigreal Gyt thvei adtpus temonipbed t o
a tranmtti antennag 0. Ln operatiqn, the encoder 10 receives a digital
si gnal % PrRFesRgd BYgiilatians e winy APt spavA) pr ef erred enbodi nent,
this signal is an MP3 conpliant digital audio signal. Mre specifically,
the digital audio data streamis forward 10 error-correction (FEC) encoded
usifig a Ree®eS8VSAHIE CRESIEr Judees {ignalt HRARRET Rigcdbedcunmat wall definads

packet i.: i i i S, then conpressed by the.circuitry

i |1 ust F'éf%dwi“# %SB?S*I?% Fé?@ °gﬁg§§dsé’%%a&15,e HOSG Als 9D H0F F tgdii8i | above.
The fragrainy ipls possiBlediepénabie ' i ' to be
10.7 MHz, so tlheS %Ii giltal in?egc? rrgr‘ig?r%tf@?(tg%h?gggwc%%fe@{elsé\gpgﬁr%ﬁ% a%%g to a
15 cenespetiedquiorcgxarhple iy thiiilusTretedetbedimentf ae gesadlyedrry dbgiany
frequen

but i ticall lected so that it ds to th
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nodul aNHiQsibnehtrensiyionE(simnithélﬁr@ﬂah’ﬁé)ciafrieirrmll@ﬁ@?%be@ﬁir@n@t&ﬁliry]e

exi sti ng 10.7 MHz filters. The filtered SSB signal tfromthe BPF 50 is

anpl i f PedehPUsRpedinpdIulsts arpiexpectsdvanty & B9 (nharansitivnaor d0/9flleatimgsecond

m xer C | 80. the. illustrated enbodinent, the
secondggggllnﬁ gfeoﬁﬂgoggt%%ér'gi\&z 3lggpgﬂ'gps§1ton§7f'r i pé‘ﬁ?f‘ t %@”E@b'i %’Jger
up- conyejarask p@s88s 2dcdwWizd 10710 fSH iset{ - aplified
by the first ?i_ ISt er/acrrpl i fi 37 260&%%&32’(%22?%% @?ﬁa@#gﬁgﬁgﬁ’%@essor
2175 r ethe praceding earsier pudse (reprgrdntingod lesttinvgm pdgeld sueckeding piilses agnal

ite stereo signal, including the L +

i f t )
R oi gnaXPastoHaY gt /O L BHGRt SoBabin IgpF B ose @ ahetinge Hetwerngi gnal at

. a (Supgif : dar 3 il ot tope, al
" o ke SaaA GahsiiBhs MLGR 1RRE buite, Tndathol dabam B iHbuRh Sl
modul atdbromicarrderqanisé 63 esperted, ahdidity as $hg M pbf S G0 Pbot T tHY
. station. The third oscillator 230 produces a carrier signal at the assigned
br oadceydtationegiticgxn@ated pulset he il lustrated enbodiment, is 88.2 MHz. The
third m xer 220 generates a nodul ated signal nodulated with the conposite
nmonophoni ¢ and 5 stereophonic audio signals as illustrated in Fig. 4b. The
nodul ated signal, at a




carrier frequency of 88.2 MHz, with the standard broadcast audi o si debands
illustrated in Fig. 4b, is then filtered and anplified by the second
filter/ ams 0449829 240. This signal is combined with the SSBcTvidulasad
digital signal fromthe first filter/anplifier 260 to forma conposite
signal. This conposite signal includeg 10 both the standard broadcast

st er eophoni @ R AW BRI fIu¥RdHE RSt 6T i Bﬁaﬁﬁfrh'iﬁrFi@.tB,sﬁagaW ugnd the
SSB nodul ated signal carrying the digital audio signal centere a{) 70 kHz
above térenipal coepledds. 2 FtavHs)qutpgt tdrmisalr et dat detelitor 14D. ankhas cuoppbsi t e

ignal .is th lifjed by the, lifier 270 and lied t
the t r ZHERAL PAPIRHterA ehableriBpUt termifelsal Bie Beteetpr 4800 T8Reivors. 15
.Fig. 6. ] i ) t i i i

5 nat ARG MO ol PR BER TR BRI,
Fi g5 6detdtade oflyewriznSa WAl [ilSe idexsadtedamd RSN theU@m@drgd in Fig. 3

-are outlined with a dashed rectangle | abeled Fig. 3, are designated with

t he saRmeighbfoshesrt of Abetskirstian@f4hat poisedes aleisbrbtied mbdeeai | bel ow. I n Fig.

6, a receiving antenna 20 302 is coupled to an RF anplifier 304. An output

termnal of the RF anplifier 304 is coupled to a first input termnal of a
first m xer IBfiGe ilstatieg embedimema) thef emergiyriatthesmiodlikited sB§ifhl liescoupl ed to
a second i nput term nal of n out put term nal of the

the first mxer 306. A f
first RIRIlgdetveepdhdidelB/i§) apd o6 MO/ Bhtimasetha Ridiraterand eprse310 and a

t unabl : - Pt rig of; { F . 310 is .coupl ed. to, an
igput tﬁgrgﬁ‘lﬁxﬁa go? 6‘§H8\:7{}r1] ercr)r]ta iﬂgﬁjﬁseﬂ]feﬁﬁyrgf‘%?ﬁgn% S’qu‘lﬁ%e'ﬁ 'égrfa\ﬁmgcwermy be
a ko N daes raethrdugh thé\bafelbgth bemmdBimedl OBsed fodpPRédsioftatii?ales coupl ed
to an input termnal of an FM detector 314. An output term nal of the FM

det ect easiblachievedyy ehlangingrthenptio dfahaiemelodofg alockMosther bib raes; adigh 316.
V1 O U2/ 0932? 13 PCT/L1$111/228SU I n operation, the RF anplifier 304

r ecei vEQAIEHRITS AP qqnsiratpissorRgm akilled iR the et Wokld Vo3l VanPRISSIt804. The first
oscillator 308 generates a signal at 98.9 MHz. The conbi nation of the first
oscillator 308 and the first m xer 306 down converts the 88.2 Miz main
carrier sigri&e y§stam, deagdbedaahpuer@agdme Unplemantsdavithdess gephistieatedss. 27

MHz to ¢ . .Jhe F 3 pas only the EM stereo.sidebands (L + R
and L- ﬁffgs?%uﬁ%sﬂ?%ﬁ@afvnﬂ’ gﬂ%@ﬁ‘%%‘%%'?%ﬂé%'ﬁ”'&&ﬁ?i"? OIS anpl i 1 es
this sk@mahifer aRdPetaRer] b %bdﬁ}ééi@t T rééév@n'a%rg%%%ﬁgté@e
baseband conposite stereo signal. The FM stereo decoder 316 decodes the
basebasifyr@bigesiractest, dingtingi anplifidgrs (ggner30)emay riop heed cwahinel izrbdih less

st er eophoni ¢, audi 0 signals gnot shown) representing the transmtted audio

si gnal §XPENSIVE 2nd FaUSRPMAhAYIeN FomRared Tq ethel FEFWSbdAMENMPOth Hie t unabl e
BPF 11Q.LSqi ; f . t he
di gi t a"eeny it bepSuRg g ARZABAT ay B, Setrofod ¥ith PRRIERLP RS ron:
t he papsdgrachrbbleNegidPifedicd$ (PLDS). 1Suéh aevitesSdeMarativehl thebpelbie The

conbi nation of the BPF 110, integrator 120, limting anplifier 130,

de?@ct tpurtently ddcdode?). 1o addition thexd isga intersyoslolgpesrierence én dkisr act t he
nodul at e igital i i_gnal , and dempdul ate and, decode that, signal to
repr odﬁxgt es%?’vgei\'taeighﬁfz}a ng {sapt rqulefeﬁe ﬁﬁﬁﬁ%’r qaggec?rieb'é‘aqﬁﬁ? with
refere st /Rquirdd, dxcdpefdh et @bcR¥éi ety W s from the decoder 150 20 are
processed in an appropriate manner by further circuitry (not shown) to
generate audi o signals corresponding to the transmtted digital audio
signal . Mor | f ; [ ! C ' V2l rors

i ntroduced g&??ﬁ%é’térsgﬁéén‘%/nsbs‘%%ﬁbg\f%r@éf'éﬁ%%ﬁgﬁﬁéﬁéﬂé?’?ggfsggﬂI eblgorrect ed
bit st peantased bad dvesvest eshtinuef@ttbeashtiy BiPpsfigdatempblal vindoWieyn
manner. 25 The enbodi ment descri bed above provides the equival ent

_ codpr eswohe peetl dn thadeceiver ta giztechwreiveddarrisopelses onlv airtisaes vdaDAM
systens are limted. t ound 25 M due to the.difficulty of.correcting
o e BHEeRATE Rt SRR ibre AL a8 PGHPRimBra biher Wishiigg
consteb}@gér@@a@{@ﬁi ng. The above system has no | Sl probl em because of the

narrow and w dely spaced 30 carrier pulses. In short, higher data rates may
be transmtted in narrower

In accordance with principles of the present invention, the modulation

technique described above is used to transmit digital data (e.g. CD quality digital



WO (12/ (19329 PCT/ USQOL/ 228s0 14 bandw dt h channels with none of the

probl ens associated with other techniques, such as QMM Referring back to
Fig. 2, WOOMHGIDARR signal, it may be seen that there arepcelusbi/gky W de
gaps between carrier pulses during which no carrier signal is 5
transmtted. These gaps may be utilized in an alternate enbodinent of a
syst emragsloy Singtdrieduley RVieiS €M mMdhophbhfNand isGerebphdnf H}Ha%c‘éﬁf aldgd
wavef orm di agram of the CARR signal useful in understanding the operation
of a mSnadg Br anFMdroadaastesighalh Fipi ¢ iala spectremediagdimmergefulda descri bed
above, in the encoder il lustrat in Fig..1 an encoding clock signal has a
peri od “Msfﬁqﬁﬂﬁwgo&‘et ARPlxgtiop BFﬂE m&’ug?t'%teeqtvm% Jistratethiy Rigs: Ver t i cal
-lines igngF 75\ [ Sl pesl o Lited tine

| ocati ons o?ogaﬂsﬁgf'ﬁ%g?éres ?g tﬁgé[g?%%gﬁt@v Y nda?t'%dgég'c@g%g%éeghe A carrier
pul se mRWwarcawelepé fer FR bibaelcadd signakkinPiesignitad tSratés. PIEFRAIND tABe. Thus,
-carrier pulses may occur in any one of three adjacent clock periods.

Car r i ethopigpatal inegeperaamnis frasiusacyg, endckpresestsafpartion g theeVHB N5 one,
carrier_pulse Bis assuned to be 9 k pulses fromthe preceding one, and
carri ersoﬁlﬂvglaeré *P%W\é&f‘éhﬁﬁaf%m@&e'!@%ﬁ@&aamawgormﬁe{mégar%t@di ignghe. As
descr i hednaBoYeretEsh @R fely L . C i e,Preceding
one (A, tn i's iFleicat es a trgi ?'QSL‘@@&%&f%'tEQQWH@ﬁgﬁa‘{’f‘%@rﬁﬁc%‘ﬁ only be
i mredi spetyafadl tvoovedjdueneitirbadcast Sigials largilluseratet erBaegh ¢ddtier [£pr esent i ng
no_20 .cn{anrge in the NRZ signal, or a 10 clock pulse interval g\E),

r epPes ditstinged aseaNpriFal @joWn Alesindreack earaer age sideengs\imbishacarer ther

pul se i receding one (C?, this indicates a
traili EZ% ga%lt%?réﬂ?aﬁuelﬁ “@@0@‘%&%‘? ?ﬁatﬁa @IM%nly be i nmediately fol | owed by
either an 8 clock pulse interval (E), representing a | eading edge in the

NRZ signal,  or, 9 ¢clock_pul se_interval (F), representing no 25 change in the
NRZ si gnal LTS L&’@%?F@F%GW@ ' S?qu&waﬁ&rﬂcﬁﬁb%whﬁﬂ& ng one
B), tAhi ; I cat ; L st j , i i el
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t he NRFigi4mtheseasideband® aed distiatés anh&chede PTRE Hibhdgaster agnge in the

NRZ signal , or a 10 clock pulse (F) interval, representi n%ta | eadi ng edge
in"$he 0§t Sithpainformaton dn 4he sidebasds fran Hg. to7200tkHz bagpar ent

t hat of ' i 02/119 CI/ USQ /22850 15 cl gck periods in
a NRZ B’Pﬁ“@get?‘li‘%g‘,‘ﬁ%ﬁ“gg‘oﬂq? t?ra\é\g ’HHP&%@%B@H%’&Qg(?T_@i)P%\%{ﬁf-pggsﬁ ially
have caldebahdsré fifustidtetichdtBRe®! Meja&d agrier

pul se. During the interval %Ahen@nﬁ%%qieéthgaf'%gbsn ﬁ.@%e%ﬁﬂﬁﬁeﬂ t he
CARR 5 aggaymalist be separated hytat easi @00 kither auxiliary data may be nodul at ed
on the carrier signal. This is illustrated in Fig. 7 as a rounded rectangle
(AUX DATA) with vertical hatching. A guard period of (err)t after the |ast
potential caheiwpayidebdrd abode bieé eagidrid thexbwdiceeqdiny Pagahie!
carrier pulse (D surrounding this gap is maintained to mnimze potential

i nR@r f SIGBRL I Bigk vikRels illustratad inetheplovrsspestiumy diagmam efFigi 4y Im&igli gi t al

audi o si.g - > rier dul at i .AUX DATA) carryi.ng,the auxiliary
dat a. ibg?ﬁ%v?gﬁ%élb rgz%@iro& %8(%%”3? né%&gﬂég'aipﬁéﬁn e_t Hg #dpeéénﬁ'? nvention
whi ch efdhdponfdTB0tiot §ignbNE! 1SR ADdRS sigH¥l sl PaNsrARtéy iMtid1e (ofishqfed
encoded data stream In Fig. 8, those elenents which are the sane as those
i |1 ust sekeband atF@% mosiulatiore lelesi Jhatled Rogudibesigaalss tedremeiniee awiaber and
are not d&scr.i bed in detail belgw .in Fig. 8 a source (not shown) of

auxi | i PYPIgaidebansdsuprressgaicaineosignal W&HPdt%PHPHéﬁSSSG syibcarrier

figst-iknyfi P EQ) u i FOQ buffer
4071 < "e3ushEl o e kel a8 hitafotion Beh WPy EE Tk BRhg sl i lrom,

. out put 2Bekhii pal38kHEhandart ipbexddeddht (st ouRs FlorhBSIRHZNRUS 3 kel pal  of

the 20 m xer 30. The output termnal of the | evel detector 25 is coupled to
a second kHz pilot tone (one-half the frequency of the suppressed carrier) is also

included in the sidebands around the main carrier. Thus, 47 kHz in both the

upper sideband (Fig. 4b) and the lower sideband (not shown) around the main

30 carrier (i.e. from 53 kHz to 100 kHz) remains available to the broadcaster to



data input termnal of the nultiplexer 404. Atimng signal output term nal
of the encoder 10 is coupled to a control input termnal of the multiplexer
404. I n WEAQ9Bst r at ed enbodi nent, the auxiliary data siBORUSWMZLESH0S
assuned to be in condition to directly nodul ate the carrier signal. One
skilled in the art will 25 understandi®ow to encode and ot herwi se prepare a
si gnal breadoagtlagdditienal anforevation at futliposverodts deguried aieve, dramel 00

charac r| st (?_gzthat signal. In addition, in the ill ustrated enmbodi nent ,
Che aukfiit 9084 begRaTTEd PoarTodst bersd B G apm ORG-S 1< not

necessary, however. The auxiliary data signal may al so be an anal og signal.
WO 02/ (19329 PCT/USU1/ 228511 16 I n operation, the encoder 10 incl udes
-internal tiMsig ¢he dfmdtfl?tlwl(ﬁ@c'yh@m)"umfaiﬁdd@rﬁg'?olbaﬂﬁeZ,r@S@flb@é timng of

h | b di fi.ed d db
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potentially occur in the CARR signal a second state during t

r emai nkHg. efuisdligigalcdudik signal oday bé glaced b tHdhspase @ealveemGHDEstamdi to
control the multiplexer 404 to couple the output termnal of the

di f f er R00; Kiitain 2oe mppersidehang (f@r%QfEP'eé)fan@hféa'h‘i%éFe@@Sd’lﬁ\itﬁé‘rﬂﬁre peri ods

i Fo poieral RER Pt il PR GR0B0%, 18ree 40l HePal Etlpst Bl W ethe
per i odab( tinlFig0 4 thehigitdingidid sRiHal f@frra BS'B anblh@eébrfbfe%r@dweat or 20 is

coupled to the mxer 30, the circuit of 8 is in the configuration
i | last canteded mtRirgund, 7Qahtlzoped aues fla:sn @e@cmxrb’mjeb’bﬁOé(HmijOd{I-Hz Duri ng
t he pe ods t4, + t to t10 - (err en the FIFO buffer 402 is
coupl od tso'st\fréthrﬁ Q@?’@% @Féh?ﬁ@a'nrﬁ%r'%e@%f YshanguRedransadtadst ful) the

data f 8, 40éﬂ%]'§'15_§)&%‘1% fmé&’%agﬂdd’aln%t Angell éb?f r%]a' from the

osci | | fer opera 0 re e|v edlgltal
auxiliary data signal AUX at a constant b|t rate, and buffer t he signal

during the tl -t car |er A

pr oduced. Thlagnl‘;—'-f E;Oat}ﬂ?(f'e 'aﬁéiﬂ%eﬂ’\{wﬁ{@\? éP%rfsé?'iiifg P")’(?’Pf’é‘%tip%éf'a to
the m aﬁaba@@ oarcraarmahﬁg.taltfarr@ﬁesréwémrféfeacfsbrmne%Itﬁe psddt + ~t to t10
- O) when the auxiliary data is to be transmtted. The net throughput of

t h#s buirstesition, anxii inElesnedaed usimrgdlh@rmbtialatrmeghgmmje desdribeat altovee
constant, net_t hroughput of auxi]liar Y’hdata fromt he auxi liary data signal

sour ce WiHbIeTeFRGH o -SkireeahiSh tmEigark: thiose elements wiichai® the mat ch t he
throqungmnner eﬁillﬁgtrg?é’}ﬂ OF@F qvir% rfcqgiséalﬁi ELH}%h@quH{Bqﬁ] el ! 1N a

known a ram or a receiver can receive

t he si gRigl. 197 cadmreéugmtédmawﬂym@ﬁhniel neséﬁeaubedmumbasgancﬁaré noFtiscrfbed hose
el ements which are the sanme as those illustrated in Fig. 3 are designated

wi th t Hedetaebeleier dhgecabibetionrnd theeenseder b rditfetentiatae 28 Imiser 8k, 1 n

tefti nartilfes A e B E e et ley abeStpRovRer Tsruishsy badiaed sihal P!
(CARR of Fig. 2) representing a digital input signal (NRZ of Fig. 2), all as
described above with reference to Fig. 1. An output terminal of the BPF 50 is
coupled to an input terminal of an amplifier 60. An output terminal of the
amplifier 60 is coupled to a first input terminal of a second mixer 70. A second

25 oscillator 80 is coupled to a second input terminal of the second mixer 70. An

output terminal of the second mixer 70 is coupled to an input terminal of a first
fitter/amplifier 260. An output terminal of the first filter/amplifier 260 is coupled

to a first input terminal of a signal combiner 250.

An output terminal of a broadcast baseband signal processor 210 is

30 coupled to a first input terminal of a third mixer 220. A third oscillator 230 is



PCT/i1S(11 /228S(1 17 first output termnal of the controllable switch 406
is coupled to the input term nal of the decoder 150. A second out put

t erm nal W 024982%control | able switch 406 is coupled to an PapwsoveEssi nal of
a FIFO 408. An output term nal of the FIFO 408 produces the auxiliary data
(AUX). The output termnal of the 5 windowi ng tinmer 160 is coupled, not to

an enabbepledtét a isetohddhp @ tdrindl fapeathirdd@ixers220. AW ouduttidrmimgitgad to
a control input term nal of the controllable switch 406. In operation, the

det ect #e 1hicd niixer g200isi epuplledhis avrinpveterninal of adewbnd fiteyfehplifierm t he

W ndow timer 160 corre nds to the timng..si .generated 1 o by the
encod\é\?g'%o IAH Wt&.ugé‘?rwfwﬁ%ﬁ??\@%%&ﬁﬁ"ﬁg'e&g‘?ﬁ g ceyRled 9@ i ng the

- period ) PTANCTC I : u j cur, and
B econt QP ekt i gl iy 260, AR b ApRE B3 BY ¢ e
carsi esignal sembirgr 25D is @ougleaotoean iiddutyteprtngl dfhe poiviiarhpiidri ZE0, 160
-conditions the controllable swtch 406 to couple tﬁe detector 140 to the
decodevhighyis ¢auBledstacadfansmitingantennadd®®i cal to that illustrated in Fig.
3, and operates as descri bed above in detail. During the remai nder of the
bit period (t4 to t10), the detector 140 is coupled to the FIFO 408. During
thi s peri od|n pheratisuyitheehcader | Daregetvesaa digithd sighdl aepadsantinguhel i ed to

t he FI FO.t‘AéES. In a cgrrespon i ng, manner to the 20 F| FO 402 éof Fig. 8), the
FI Fo sf88italaudinsiongl Ip2inretariediambogiipent thisionakisian R3compiianing

gener ajy a@auaw&'hg[.ya\ﬁalea?%%g@éguxskﬂ@atqié%ﬁgoapgfaggﬁggggﬁg@\fvgfé?- The

auxilia data si represen e auxidrary

nodul atirogcbhectianr(FEC) endbtbe usigos FeednGoloR®in SRSMBodETBYTHRR thRcresgary do
decode the received auxiliary data signal to the desired format. WO

02/ 0938RcadecCdatavstrrarn iggmicketiged. Thinwarketizethdatesis theansemptassed floy
transnjtting .a broadcast.signal .havin carrier gt a, broadcast frequency
and o1 HibSRAEAERPRORRE T HEL de i w8 S5, S gl s, dhedtioa Prfatal abovd:

transm ssi on bandw dth around the carrier, characterized by: a source (210,
220, 230, 240) of a rmdu{]at ed FM stereo signal having a carrier at the
broadcast f I BRfESRYENEYIOhERA signal prasiicad By the aseidatari4R ks selestachtmbene

230,50 MBg; S8 thel i Anh A B EReSuAnFo is MhdlyaBl €5a s pacaa
ret@mt i gented fRapfereiyher 1007 Mz, e TRBtMbOBIALBAGrEhGEAGY nftdt Be §hygnal encoded as

a variable pulse wi dth encoded signal, and a bandwi dth wi thin the
t r ansniregbencapidivisaniere eracsically sepiaigd isoetaMis cerrespendmtd tlse debands; and

2 S onRRRERSH iaha oS B e o el Sy B

center frequencies of 6 MHz, 10.7 MHz, 21.4 MHz, 70 MHz, 140 MHz, etc. In
the illustrated embodiment, 10.7 MHz is selected for the modulating frequency,

20 and the BPF 50 is implemented as one of the existing 10.7 MHz filters. The
filtered SSB signal from the BPF 50 is amplified by amplifier 60 and up-converted
by the combination of the second mixer 70 and second oscillator 80. In the
illustrated embodiment, the second oscillator 80 generates a signal at 77.57
MHz and the SSB is up-converted to 88.27 MHz. This signal is filtered and

25  further amplified by the first filter/amplifier 260.

The broadcast baseband signal processor 210 receives a stereo audio
signal {not shown) and performs the signal processing necessary to form the
composite stereo signal, including the L + R signal at baseband, the double-
sideband-suppressed-carrier L - R signal at a (suppressed) carrier frequency of 38

30 kHz and a 19 kHz pilot tone, all in a known manner. This signal is then



2. The transmtter of claim1 further characterized by a power anplifier
(270) coupl ed between the signal conbiner and a transmtting antenna. 3.
The tranWOexy®s29%pf claim 1l characterized in that the nodub@r@doRZ2ss er eo
signal source conprises: a signal processor (2101, responsive to a stereo
audi o signal, for generating a conposfi2e stereo signal; and a nodul at or
(220, e8@uldted onrbus gbirg sigralcatmhesassigisddfrequency aff the RViestationd s
frequency carrier. 25 4. The transmtter of claim3 characterized in that
t he rmﬂurcatoéclllémfp%@dyodmee‘ogc,qalrmart signabantheyasigngd hgoact@smfmmw

: , | d
the st BN ol BSLGEHxhs MEpgngade A8 Ao HBBANE S ENPeREr o si gnal
- W0 1434334tk REHNEA LA Bt wHIPuid BORBoshBmaNoShaNE ah

characterized in that the nodul ated stereo signal source further conprises
a sl teteraodheumpladdlemuqm@)asammraédbatﬁn@eﬁbt hehemdduwdted (igadl, a3a0) and
-the signal conbiner (250). 6. The transmtter of clai mé characterized in

that t RETHSJGPIHENEY BOBSR M'aﬁavwf@othec%taea Afft beqadcagt agdia-gidgbande | BOC
di gi taj, g?rla?e ng@\?é dé%tﬁqsecﬂgr?qﬁ{erg arfnﬁflﬁlg dﬂh@gsec%?\gdﬁlg%%lnp la usi ng

a vari ab e puls a pu er at or erating

respectidge WHisssignalisl mBiReatwite tﬁ@@@SB @ﬁodlﬂﬁteﬁﬂ@@ﬁi@ﬂ sir@l Fdm 9Ré irst gnal ;
and an carrier pulse signal generator (30-80), for generating a carrier

si gnal flltavfuangaltfmrrzw tpdoses @@npesroers@grreg tlhis eompsitecsignal ipelwtes. 7. The

t tt f ar act er nt at the rrier | se sjgnal

geior abeih domstandard brssdoastaranmania sudCagohe)ds Mechubanen T8t he pul se
[ I t a second
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signal centered at 70 kHz above the carrier {(88.27 MHz), as illustrated in Fig. 4b.

This composite signal is then power amplified by the power amplifier 270 and

supplied to the transmitting antenna 280 for transmission to FM radio receivers.

15 Fig. 6 is a block diagram of an FM broadcast receiver which can receive a
signal modulated by an FM broadcast transmitter illustrated in Fig. 5. In Fig. 6,
those elements which are the same as those illustrated in Fig. 3 are outlined with
a dashed rectangle labeled Fig. 3, are designated with the same reference
numbers and are not described in detail below. In Fig. 6, a receiving antenna

20 302 is coupled to an RF amplifier 304. An output terminal of the RF amplifier
304 is coupled to a first input terminal of a first mixer 306. An output terminal
of a first oscillator 308 is coupled to a second input termina! of the first mixer
306. An output terminal of the first mixer 306 is coupled to respective input
terminals of a BPF 310 and a tunable BPF 110. An output terminal of the BPF

25 310 is coupled to an input terminal of an intermediate frequency (IF) amplifier
312 which may be a limiting amplifier. An output terminal of the IF amplifier
312 is coupled to an input terminal of an FM detector 314. An output terminal
of the FM detector 314 is coupled to an input terminal of an FM stereo decoder

316.



carrier signal to the carrier pulse signal. 8. The transmtter of claim?7
characterized in that: 20 the first nodul ator conprises a first oscillator
(40) proWecd2iy322 carrier signal at the internedi ate frequeCysotamssoa first
m xer (30) coupled to the pul se signal generator and the first oscillator
for generating the internediate frequébcy pul se 25 signal; and the second
nmodul at or ctmppesdion, dhe dfoampdisier B304k tace{\8B) apd etindifieg RF sigralefrosi gnal  at
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- si gnal coflverthehé 18813 WHzhalbf cafrid Sighdl 4ot T®7 oIk, %@\HeﬂHeZSQBQﬁ%ﬁ‘albandpaSS
filter (50), coupled between the first nodul ator and the second nodul at or

f or5 pagytiegsignalniroma88i 214 IMHz itdebu® biHz.h&he BRI 84 0i passesradydhe FMul se

- si gnal romthe firs dulataor. 10. The_transnmtter of claim 7 further
chgr act rpgeséde%pngﬁ ((i;(ﬁ'i)n'ﬁiaﬂdg‘r'% @?UEQJB?-Zd\ﬂg@t'ﬁe% newa 'F\alné‘ter'n&(ﬁ't‘fhgt or and
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t r ansmgeherates tivd baseifarahaoagiositezstdreonsignatl.: Thee-Mmemry dédéderd®n@r at es an
encoded digital data signal having | eading edges and trailing edges; the
pul se &pgpdes yﬁba%ﬁhﬂn&@ppggpte@éﬁmﬁlegab&gem@r@t@m@recsohqm@@sr Mfse 15 to

et s EppEBEL MRS e RVET bt e BarfVBed €08 1 g cages
in theggingld, il idad RnéWeN@Manna@pd the carrier signal generator (30-80)

generates a carrier pulse having a first phase in response to a positive
pul se and having a second phase in response to a 20 negative pul se.

In the illustrated embodiment, the tunable BPF 110 is tuned to a center
frequency of 10.63 MHz, and passes only the digital audio signal around that
frequency. In the illustrated embodiment, the passband of the BPF 110 runs

15 from 10.53 MHz to 10.73 MHz. The combination of the BPF 110, integrator
120, limiting amplifier 130, detector 140, decoder 150 and windowing timer
160 operates to extract the modulated digital audio signal, and demodulate and
decode that signal to reproduce the digital audio signal, in the manner described
above with reference to Fig. 3. The digital audio signals from the decoder 150

20 are processed in an appropriate manner by further circuitry (not shown) to
generate audio signals corresponding to the transmitted digital audio signal.
More specifically, the signal is depacketized, and any errors introduced during
transmission are detected and corrected. The corrected bit stream is then

converted to a stereo audio signal, all in a known manner.

25 The embodiment described above provides the equivalent compression
performance of a 1024 QAM system. However, in practice QAM systems are
limited to around 256 QAM due to the difficulty of correcting noise and
multipath intersymbol interference resulting from the tight constellation spacing.
The above system has no IS| problem because of the narrow and widely spaced

30 carrier pulses. In short, higher data rates may be transmitted in narrower



13. The transmitter of claim 12 characterized in that the first phase is
substantially 180 degrees out of phase wth the second phase. 14. The
transm t W 02932} ai m characteri zed in that the pul se si gnBCT/geme228300r
conpri ses: WO 112/11')329 PCT/US(11/ 22850 21 a differentiator (20),
coupl ed to the encoder; and a |evel défector (25), coupled to the

di f f er dandatidth channalhevith armwe of the prfobdgras rassocintechovieh iotler fechnlptest he
digital . data 8 nal conprises a digital audio signal. 5 16. An FM broadcast
recei vaMChas ei ving a broadcast signal including a first nodul at ed
signal representing an FM stereo signal, and a second nodul ated signal,
having carrier pul ses spaced relative to each other to represent an

_i n- band- on- d¥edarixg Ipa@o@) Fif.g? « @l theaE AREY gianpl éhmsyele gsen that thasearpul se

wi dt h encode na racterized b eparator (.310,. 110
FespondPoEvel FdF Bpaadeneren af pises SuFERAE iy Bt SRS ed 51 gnal
T ePEES Gl THAS! 8660 rthRaluriRdddn SRCANNSRP BRI 0Ra system
representing the 1 git ata signal; an FM signal processor (310,
312, 3btcosdify tortbemesememmntuba figs? lsepmoae ddtaileghalavefam géagraat i ng a

stereo audi o_signal represented by the FM 16 stereo signal; an | BOC signal
pr oces SHrthe 1OHR 1939nallu§pfuh50unqq§}anq4@g'%ﬁgp@gaqqp pha medyldospar at ed

signal,_for ener a I gn S b
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passing only the first separated signal; and a second bandpass filter (1
101 of orpepimsisontheoNRY. sipwals eDaslbed epriica dadesurg ﬁsg /7 1€preshnt eacedingrelack cl ai m
16 further characterized by a downgconverter §306 308), responS|ve to

the br @ fRereognddt ernaﬁ&dc%mﬁﬂeaa‘vm Hécéﬂﬁﬁa‘%“ sehareatestresentgd by o) WO
02/ 093%%3‘3934%@41&94.Zaségmer pulse may occur either 8, 9 or 10 clock pulses after

a preceding one. Thus, carrier pulses may occur in any one of three adjacent
clock periods. Carrier pulse A is assumed to be 8 clock pulses from the previous
16 one, carrier pulse B is assumed to be 9 clock pulses from the preceding one, and

carrier pulse C is assumed to be 10 clock pulses from the preceding one.

As described above, when a carrier pulse is 8 clock pulses from the
preceding one (A), this indicates a trailing edge in the NRZ signal, and can only
be immediately followed by either a 9 clock pulse interval (D), representing no

20 change in the NRZ signal, or a 10 clock pulse interval (E), representing a leading
edge in the NRZ signal. Similarly when a carrier pulse is 10 clock pulses from
the preceding one (C), this indicates a trailing edge in the NRZ signal, and can
only be immediately followed by either an 8 clock pulse interval (E), representing
a leading edge in the NRZ signal, or 9 clock pulse interval (F), representing no

25 change in the NRZ signal. When a carrier pulse is 9 clock pulses from the
preceding one (B), this indicates no change in the NRZ signal, and can be
immediately followed by either an 8 clock pulse (D), representing a trailing edge
in the NRZ signal, another 9 clock pulse (E), representing no change in the NRZ
signal, or a 10 clock pulse (F) interval, representing a leading edge in the NRZ

30 signal. This is all illustrated on Fig. 7. It is apparent that of the nine encoding



22 19. The receiver of claim19 characterized in that the downconverter
conprises: a local oscillator (308); and a m xer (306) , coupled to the
focal osWO 029329 and responsive to the 5 broadcast signal pcT/osoensserting

t he broadcast signal to an internedi ate frequency. 20. The receiver of
claim 16, further characterized by antanplifier (304) coupled between a

r ecei viahgclaptedotaireadNRA ditspariad, srepaf atree {datentlédlod & 1-t41h@an ecei ver of
claim 16, characterized in that the FMsignal 1 o processor conprises: an
FM det detentialyrhgve sapgkrisiviaes.ovhite the other sisged-ai gbl cehgathaveadcarierM
stereo Qﬁscoder (316), coupled to the FM detector (314), for generating the
stereo Falidi'o si gnal . 22. The receiver of claim, characterized in that the
-FM si gnal processor 15 further conprises an anplifier (312) coupled between
t he signal separator, (t310’ 1 10) and the FM detector (314). 23. The

recei ver of hﬁ?ﬂ%%!“ BRI Avhen NeLAriier PYSes My Pearodugadl inpihecCARS

-conpri : r & 0. the secaond, separ at si gnal ,
forgge%?aatl ﬁﬁgﬂggmae%vtéé F%ﬁj}lﬁ)ée)) p‘ﬁ[ﬁégg\[/]m%(y%ﬁ' éﬁfcao@@éf R§ Gh%qﬁ?ﬁac{ %%(Sgﬁse to

recei vedriar $ipRal. Phhigas illstéeeadaTFid 5P)asl P rodiRfrrididah iR ATk aWATApuUl se

w dth encoded signal to generate the digital data signal. 24. The receiver
of cl aivit? Yegtieal Aetehinge dAi guard arerioldeofirafidyl thepabt potdrdiai caader pusa

vari abl §) aBSrt re gode. V\Dél [ 119329, PCT/|.J SO 1 é 28sU 23 25. The

recei var' 8 &eif’?ﬁ ARl SYERFeCNg PREPRt Rl capir e i(BY sHinosadingathis one of a
first i ' : i '

char ac ?gﬁﬁgéﬁﬁﬁﬁﬁ?ﬁgﬁ B[Pﬁgm?l?z:e:?otg r?gl{sé!a m}[éﬁse t«ﬁg{e a%ﬁv%%nyﬁlﬁbmd geg rpeués‘sesout of
phase WA} h (Fhearsgingrithentigital addid sigidleandettri yariepimed@atioRIAUNX OreTA)
characterized by, coupled between the signal separator and the detector: an
i nt egr &BBYiING thRuxiiay datd.niting anmplifier ( 130). 28. The receiver of
claim 23 further characterized by:

Fig. 8 is a block diagram of an embodiment of the present invention which
can implement the inclusion of auxiliary data in the modulated encoded data
stream. In Fig. 8, those elements which are the same as those illustrated in Fig.

16 1 are designated by the same reference number and are not described in detail
below. In Fig. 8, a source {not shown) of auxiliary data (AUX) is coupled to an
input terminal of a first-in-first-out (FIFO) buffer 402. An output terminal of the
FIFO buffer 402 is coupled to a first data input terminal of a multiplexer 404. An
output terminal of the multiplexer 404 is coupled to an input terminal of the

20  mixer 30. The output terminal of the level detector 25 is coupled to a second
data input terminal of the multiplexer 404. A timing signal output terminal of the

encoder 10 is coupled to a control input terminal of the multiplexer 404.

In the illustrated embodiment, the auxiliary data signal AUX is assumed to
be in condition to directly modulate the carrier signal. One skilled in the art will
25 understand how to encode and otherwise prepare a signal to modulate a carrier
in @ manner most appropriate to the characteristics of that signal. In addition, in
the illustrated embodiment, the auxiliary data signal is assumed to be in digital
form. This is not necessary, however. The auxiliary data signal may also be an

analog signal.
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S" 10% 8ohstah®Uitsrate ; ST HIFK the- FH%J/QH% fidre periods (t1, - t4) when
1 S'9$10%g& ()-S MO% & ()- @' 10% & ()- 10% & ()- SSY10% & () -
. }i dEQanEvARsiIges- (AR-08)00ag 9 prodi@sads’ The FIFO buffer 402 then provides the

stored auxiliary data to the mixer 30 at a higher bit rate during the time period

20 (t4 + At to t10 - At) when the auxiliary data is to be transmitted. The net
throughput of the bursts of auxiliary data through the CARR signal must match
the constant net throughput of auxiliary data from the auxiliary data signal
source (not shown). One skilled in the art will understand how to match the
throughputs, and also how to provide for overruns and underruns, all in a known

25 manner.

Fig. 9 is a block diagram of a receiver which can receive the signal
produced by the system illustrated in Fig. 8. In Fig. 9, those elements which are
the same as those illustrated in Fig. 3 are designated with the same reference
number and are not described in detail below. In Fig. 9, the output terminal of

30 the detector 140 is coupled to an input terminal of a controllable switch 406. A
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terminal of the decoder 150. A second output terminal of the controllable
switch 406 is coupled to an input terminal of a FIFO 408. An output terminal of
the FIFO 408 produces the auxiliary data (AUX). The output terminal of the
5 windowing timer 160 is coupled, not to an enable input terminal of the detector
140, as in Fig. 3, but instead to a control input terminal of the controllable

switch 4086.

In operation, the detector 140 in Fig. 9 is always enabled. The windowing
signal from the windowing timer 160 corresponds to the timing signal generated
10 by the encoder 10 in Fig. 8. The windowing signal has a first state during the
period (t1 to t4) when carrier pulses (A)-(C) could potentially occur, and a
second state otherwise (t4 to t10). During the period (t1 to t4) when carrier
pulses (A)-(C) could potentially occur the windowing timer 160 conditions the
controllable switch 406 to couple the detector 140 to the decoder 150. This
15  configuration is identical to that illustrated in Fig. 3, and operates as described

above in detail.

During the remainder of the bit period (t4 to t10), the detector 140 is
coupled to the FIFO 408. During this period, the modulated auxiliary data is
demodulated and supplied to the FIFO 408. In a corresponding manner to the

20 FIFO 402 (of Fig. 8), the FIFO 408 receives the auxiliary data bursts from the
detector 140, and generates an auxiliary data output signal AUX at a constant
bit rate. The auxiliary data signal represents the auxiliary data as encoded for
modulating the carrier. Further processing (not shown) may be necessary do

decode the received auxiliary data signal to the desired format.
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‘ by:

a source (210, 220, 230, 240) of a modulated FM stereo signal having a
carrier at the broadcast frequency and having sidebands with a bandwidth less
than the transmission bandwidth representing a stereo signal;

10 a source (10, 20, 25, 30-80, 260) of a modulated IBOC signal, having
carrier pulses spaced relative to each other to represent the IBOC digital data
signal encoded as a variable pulse width encoded signal, and a bandwidth within
the transmission bandwidth not overlapping the FM stereo signal sidebands; and

a signal combiner (250}, for combining the modulated FM stereo signal

15 and the modulated IBOC signal to form the broadcast signal.

2. The transmitter of claim 1 further characterized by a power amplifier

(270) coupled between the signal combiner and a transmitting antenna.

3. The transmitter of claim 1 characterized in that the modulated
20 stereo signal source comprises:
a signal processor {210), responsive to a stereo audio signal, for
generating a composite stereo signal; and
a modulator (220, 230) for modulating the composite stereo signal on the

broadcast frequency carrier.

25 4, The transmitter of claim 3 characterized in that the modulator
comprises:
an oscillator (230) generating the broadcast frequency carrier signal; and
a mixer (220), coupled to the oscillator and the signal processor (210), for

generating the modulated FM stereo signal.
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a pulse signal generator (20, 25), generating respective pulses
10 representing edges of the encoded digital data signal; and
an carrier pulse signal generator (30-80), for generating a carrier signal

having carrier pulses corresponding to the respective pulses.

7. The transmitter of claim 6 characterized in that the carrier pulse
signal generator comprises:
15 a first modulator {30, 40), responsive to the pulse signal, for generating an
intermediate frequency pulse signal; and
a second modulator (70, 80), for upconverting the intermediate frequency

carrier signal to the carrier pulse signal.

8. The transmitter of claim 7 characterized in that:
20 the first modulator comprises
a first oscillator (40) producing a carrier signal
at the intermediate frequency; and
a first mixer (30) coupled to the pulse signal
generator and the first oscillator for generating the intermediate frequency pulse
25 signal; and the second modulator comprises:
a second oscillator (80) producing a carrier signal at a frequency to place
the carrier pulse signal within the transmission bandwidth not overlapping with

the FM stereo signal sidebands, and
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coupled between the first modulator and the second modulator.

11.  The transmitter of claim 6 characterized in that the variable pulse

10  width code is a variable aperture code.

12. The transmitter of claim 6 characterized in that:

the encoder (10) generates an encoded digital data signal having leading
edges and trailing edges;

the pulse signal generator (20, 25) generates positive pulses in response

15 1o one of the leading and trailing edges in the digital data signal and negative

pulses in response to the other of the leading and trailing edges in the digital
data signal; and

the carrier signal generator (30-80) generates a carrier pulse having a first
phase in response to a positive pulse and having a second phase in response to a

20 negative pulse.

13. The transmitter of claim 12 characterized in that the first phase is

substantially 180 degrees out of phase with the second phase.

14. The transmitter of claim characterized in that the pulse signal

generator comprises:
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10Vl /%Of(r&&rrﬁc}du%’&fadlglé&ng‘l r(e)presenting an FM stereo signal, and a second
modulated signal, having carrier pulses spaced relative to each other to represent
an in-band-on-channel (IBOC) digital data signal encoded as a variable pulse
width encoded signal, characterized by:
10 a signal separator (310, 110), responsive to the broadcast signal, for
generating a first separated signal representing the FM stereo signal and a
second separated signal representing the IBOC digital data signal;
an FM signal processor (310, 312, 314, 316), responsive to the first
separated signal, for generating a stereo audio signal represented by the FM
15 stereo signal;
an IBOC signal processor {120, 130, 140, 150, 160}, responsive to the
second separated signal, for generating a digital data signal represented by the

IBOC digital data signal.

17. The receiver of claim 16, characterized in that the signal separator
20 comprises:

a first bandpass filter (310} for passing only the first separated signal; and

a second bandpass filter (110) for passing only the second separated

signal.

18. The receiver of claim 16 further characterized by a downconverter
25 (3086, 308), responsive to the broadcast signal, and coupled to the signal
separator {310, 110).
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22. The receiver of claim , characterized in that the FM signal processor

16 further comprises an amplifier (312) coupled between the signal separator (310,
110) and the FM detector (314).

23. The receiver of claim 16, characterized in that the IBOC signal
processor comprises:
a detector (140), responsive to the second separated signal, for generating
20 a variable pulse width encoded signal in response to received carrier pulses;
a decoder 150) for decoding the variable pulse width encoded signal to

generate the digital data signal.

24. The receiver of claim 23 characterized in that the variable pulse

width code is a variable aperture code.
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5 27. The receiver of claim 23 further characterized by, coupled between
the signal separator and the detector:
an integrator (120); and

a limiting amplifier (130).

28. The receiver of claim 23 further characterized by:
10 a windowing timer {160), coupled to the detector (140); for generating a
windowing signal in the temporal neighborhood when a carrier pulse is expected;
and wherein:

the detector (140) is enabled by the windowing signal.



