" e3el <:889T: (; &6\ <T<i 0-nsni ei sui ni sei 1 AN | N- BAND- ON- CHANNEL BROADCAST
SYSTEM FOR DI G TAL DATA The present. invention relates to ] i

t echni que which provides a high data rate through band Ilmﬂwﬁﬂimﬁm@mmm
and in particular to an in-band-onchannel (I1BOC) FM broadc ion
systemfor digital data, especially s digital audio. In the Uni*t8&*St at es,
FM broadcasteri cgp ér ansmt information'in sidebands within 100 kHz of
their assi gned*NaNPAND-QNGHAMNNEL BROADGARE SYSTEM FORDIGDAKFATA 200 kHz
around the carrier at 30 dB down fromfull power. The standard stereo audio

signal is placed in a bandwidth within 53 kHz of the t o carrier. The
broadcaster is, Thhpseseaslirvansionrratases to athedulatidrotatkiniqi Whichfoli@eRignder

of the bangwy ject to t constrainfs descri bed above. 1t has becone
desirabl e ? Eﬁm%bégﬂﬁég?@%én?S"E?eﬁlﬁfiaé'ﬂétﬁﬁw i paEtifsiasttoqaneindiangioe-o and
di gi tal dachanddidIBC) Fidl brdaddast ohd 1 e RT-Yols t high quality
version_of the stereo audi o being b@é%%@ggﬁaqﬂog dr'%‘gaﬂid?gag%gpgmgh\?el atively
hi gh daPa Fﬁ'@'EHg‘Hnel which is restricted to a relatively narrow

bandwi dtli. 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 data st r@aifedamitast StasesrEMtroadazdtérs danetrdasmstivirtbimanai labl e in an

FM br oadca 'rg&a,! « W\ t, 4SO formof conpression to decrease the’
bandwi dt h ?I{gaﬁéred #t\oﬁlﬁr¥ ggat"ﬂ'lez € G541 2ss|gned sastigrayeqayrasy ragtfiub powesr and de

data at hi Goer 10atiz & 260 M04t80nE BRE1BS) i | g0t 3 bandw dth. .
Many m)duli.%i on techni ques have been devé%&%?&$%¥ﬁlgrg§@ﬁﬁ' RN gata rate
through a ¢hasHRdarEstereq angicesignslds plasiedse astvrfdwileyy adthiPSE)kHNEF the

Quadr atgIr egAvm} i i.on, (Cl t echni ques 25 permt conpression by
encodi ng a pllqr awg?r%&%gast%a{“gi Eké"si%Mat(?htr?'?%gr‘?i“ﬂ‘iréap%m?ﬁ'eﬂ.m gh systens
have const reangioderasisibei tereidviditt, bubjebto fthé SbnstrdifthasIWREE B3F0CT ated with
such systens is expensive. This is because these techniques require a high
| evel of channel linearity in order to operate properly. ~ir~vm-uu~ 2
Consequent |y, dxhesdeyemsidpaahblerfef EMP bRhdRYSrd oSl er

t racki ng, S'Céf?%m .ecovery, interpolation and s{g%a?ﬁiﬂ%gﬁg#g%&%%&msuch

t echni ques® QiaPA\vgity datiet iThatdigiedifdate soulfhdseexdrhple] sepresshttzp be

conpensat ggdgh i : i i these syste often require
bandwi dt hs ' & _(ggag{r?d‘;'“{}ﬁ'gég&g@éi teroP o ES‘HESEHBB%%[TFW%WWFS&anpl e

i n- bari® orrelatixalychighdasal catstcHalhsivhih s @bstREH €83 rbiativbihe g, red data
rates. In achz_.cor. ncg with lgri nciples of the present invention, an FM

br oadcast 34 ANadiN ¢ Eer exammele; pdigjtal dasal streemseajrving high auality eadiol €an at a
br oadcast Have® BRGHt ¢ d t transm.tted. at full power,
within a transmn ssi ﬂ1%8%g§@&g§?%§%oggn@bpﬁ)é éésljgr?aérc'arrly{nq ﬁ‘é‘ﬁhﬂé’?t%\
source of SAredgHGRRAMDEVEDSIttar i thedlarhiavidttgavailkbly inesn B bivadbagadcast
frequencys‘?@% ' i debands.with a bandwi dth 1 ess than the transm ssion
bandwi dt h eprlg\?gﬂnc?ﬁn%nge gcfar@r gheampraEson o dewgase ta pradwidsl reairest far
nodul &0ed th88@msi.gnal , having carrier pul ses spaced relative to each other
to represent the IBOC digital data signal encoded as a 15 vari abl e pul se

wi dt h encoded signal, and a bandwidth within the transm ssi on bandw dth not
over | appi ng t he kM ' | S, ignal conbiner conbi nes the
nmodul at ed FM ster eo\ﬁggfé’gglsﬁ%%%% ﬁzéﬂggﬁggq Sﬁﬁ‘g%é%gg{agﬁg?s tyopgh whapaels

br oadcast vétighdave limitacchanthmiceh wiMdnyamihiticas®eRhiqabs hage Begsent

i nventi On’de@?loﬁ%%ﬁ;bpr gadcast r&cei ver receives a broadcast signal
including a Tirs HGreasip heydatp retg through iaghasmekMFet exaopks givaty and . a

secori d mpHabatkidt ké RSK)aaH i, & : ti,ve to.each
other to reFresent a\ﬁﬁ?lrl- bﬂnd-ﬂﬁygﬂgﬁﬂgﬁﬁpgﬁ%& @?gﬁﬁglokggwgfﬁ%&'qﬁ?coded
as a ¢ari ABIMBILAANRIeGFIan yesnasding siphumality ot datadditsdieseehsirgmehitagpar at or
for generag; agfl t si,gnal representing the FM 25 stereo

si gnal angyyﬁggcgtr{gﬁ?&Sgbﬁggégveggﬁ'ﬂ%ﬁa'%sp?%“}s%é’l‘ﬁtPﬁjldV'#P]éhquO(f'@ffgﬂ'teal dat a

si gnal . AhaRWslegsabciateat et OsUGESRENESs 2xBLASISS. AW R Sdgnal it esent ed

by the FM stereo signal. An |IBOC signal processor generates a
signal r efﬁf‘ﬁ’é%fe@d' egg,urg ﬁeﬁ')gﬁdi}'@liogf]icgann@ldmasit\gh‘abr.der to operate properly.
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'3 The technique aeccording to the principles ofi the present invention

provi des an FMtransm ssion system whi ch includes a second channel carrying
a relatively high data rate digital signal. This channel is placed in the
portion of the FM bandw dth which can be transmitted 'at fiull power. The
circuitry required to 6 inplenment such a channel is relatively si npl e and

i nexpensive. Further, it does not requirg high channel | i neari ty and i s not
subj ect to Gmisbqtpmttfv W%mgﬂ_ﬂ%r%@smg‘){ﬂ%t 5é FSHBH] J?eér“r y to
i mpl ement t y sma

thlg chanﬁ_@l in areceiver is relative

coupl ed to TiFE"N§utH obfeotol"(érypr”é"@)’d?oé%ﬁqfigaﬂd:SlGhalcﬂhapirign $érmn|dese¢h/er 10

Bri ef Descrtbgiri@iesOdrot Stpsicly is, a bI ock di agram

of a nodul at or ?\AJ’]I chrema s eg‘l’}gg‘guﬂuﬁa Ifl%{tgr oag8%§ f%gg? st B R%r di ng to the

present i nF@APeppateg;fgr lrlzthesrwemr/eﬂ‘ bwdnth\ea@isa@ﬂeuﬁeéﬂﬂén ké”qdwedﬁhamﬂgng t he
bl

operati gn taor illustrated in Fig. 1; Fig: 3 is a ock
di agr am%of Qig éﬁ;{gﬁc\%e@eﬂ @ﬁ 'Eéﬁmﬁe%pal'eét'%%Qf@n@fanhﬁiam éﬁ@dj opbenaéing to the
nmodul at or ibrdaseesBFRUsubtalidr. selvicd)i @r tHe Hésu%dsci%ﬁﬁtr%] @ di agram useful in

n

under st andi ng an application of the nodulation technique illustrated. in
Figs. 1 and 2 according to the present 20 invention; Flg 5 is a block

di agram of an HM Mm@@@twhﬁqﬁﬁmpﬁésegf tlhg %Qeq{tqﬁv Pn ap%@ﬁ?qdagﬁn tltélhgnngl

di gi tal transm ssi on channel according to'the prese
i's a bl ock "dNEGHEEN HANARNtFMbbeasteastisiunaldwsinga cantoradiantgobcdsheredBensesent

invention why A10) ted by an FM broadcast
transmtter i %ngtgﬁ%% :agﬁ‘é Y&EQ tﬁa%m%%aggj F%o"é(e'i/vé’V/' PG HRIIEFIAM useful in
under st &ndPardwieéh epairat trenceadfiemniatidid e 968 s aoﬁwoauﬁ?éﬂ’h?té)cérewm ch may
be used ing F& Rl gsent i nvent Fig $ is a block diagram of another

anﬁ%?actagﬂervﬂjﬁthﬁ 53%&'49@ Bequmdandnha\heg sidebends withent i on;

embodi ment °
4 Fig. 9 lbarwdvbddmhs@ltﬁgﬁf%ﬁé@rf e of .a receiver may
be used in the present invent |a8n s c can rec e HRg asftﬁﬁ%ﬂ s'g?%hdf:ed by

the syst enf'sPiREy¥des 2 goricemip rr@dulatgj IBDC mgmablmhglleméamugés odwRdul at or
whi ch may %tH%% ézﬂ:httptﬂepfqeﬁe senit ﬁ&]f&% dlgltal Yata gign%l en%rc])dlagggta term nal

IN receives-a digital signa
16 variable pulse width encoded signal, and a bandwndth within the transmission

- bandwidth not overlapping the FM stereo signal sidebands. A signal combiner

combines the modulated FM stereo signal and the modulated IBOC signal to form
the broadcast signal.

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

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

25  stereo signal and a second separated signal representing the [BOC 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.



‘terminal INis coupled to an input terminal of an encoder 10. An out put
termnal of the encoder 10 is coupled to an input termnal of a
differentiator 20. An output term nal of the differentiator 20 is coupl ed
to an input termnal of a |level detector 25. An output term nal of the

| evel detector 25 is coupled to a first input termnal of a mxer 30. A

| ocal oscill atoFr 40 is coupled to a secomd input term nal of the m xer 30.
An out put terni Tk te¢hribes ata@tindOtol the GRIMBINESS &0t i : i af.a
bandpass fialnt 0+ BPE}. 50. An out put _te?:?ﬁ ngi%i;of thﬁgbr%%g%&ﬁl%%wggsto an
out put term na MIRHPR Y §feRE MY esingludes g1 secend shemnsl crepingserdativglyt he
di gi tal si diigh datia ratedigiattighsr Nrmal ki i vavef orm dji agram
useful in yri ge[stand_i r?gﬁt hg opg'r-@?icgélt%oefj .lé ?lﬁgg%rgm%aélodﬁoplol?ﬁgﬁg ed in
Fig. 1. Fi 3’?” widthyghichreanbe traseraltted at foll pewero TherdrcaltBardqyirbd kaist r at e

t he wavef an il Lystrat ed enbodi nent he digital signal at the .
i nput tern‘iﬁg?en{leﬁtitsggg,a @é\?gg ’glagwa'ﬁ)’ ﬁ”ﬁpﬁoérﬂi BEYRSISIVE. Zyréher Nikzoes or nat .
Thi s si gnalnott sequineusigh ahedneldinbhetyt o wase bkt Fo CFIimea%h T@ﬁemgz THeonal
carries 20 aﬁg@iceslsi.ve.bi ts, each lasting for ‘a predeterm r?e period call ed
the bit peri0d° "&HdRH Y NGSRIRSEY 19 Herlemant this KiaNm! dmalrecedvar i aalatheein

cor r espondisR@ilf & HRRACY, ' The level _of the NRZ signal
represents th_eJc val ue of ?ﬁgélgﬁit%?ﬁ%%{quﬁl%g%ﬁ% fEeiRane dB pirey n g!l’?coder 10
oper at es t $€Ede the NRZ signal using a variable pulse width code. In the
illustrated enbodi nent, the variable pulse 25 width code is a variable
aperture code. Variable aperture coding is described in detail in US.

Pat ent "ppl i cati on (RCA 8%, 945BddflRabctibiibn bOrARbRIwiY (i nventor(s)). In
this patent application, an NRZ signal |s phase encoded in the follow ng
manner. Each bit period in the NRZ signal is coded as a transition in the
encoded 30 si gnalthe Ainawimgpdi ng clock at a nultiple Mof the bit rate is
used to phase ?coﬂe bﬁ thg, NRZ signal. In the above nentioned patent
appl i cation, tHedentdBiiRrkrigeram afig medyatosmehinh wiavche usediman EMTes t he
bit rate. beedcddieydldm 28blind tAH bleilt ikl &R 09ic * 1 level to a
logic '0'" level, a transition1s made In the encdded signal eight encoding
clock cycles (M@ 3 ¥ 2 yvavefernp diagrarousefudirs uhtenstariind e &peafibiof tighal
transi {4 on 46450 level to alogic' 1 level, atransitionis
made iw t h@ogﬁgg%gwﬁés%?déggl"qf@'éncodi ng clock cycles (M+ 1) fromthe
previ ous transiFig.dhis MbﬁmktdﬂeQMRZoﬁiaGék?éivé?%ﬁicﬂ%ntr@@él%tais?@'\ | I%}tsdif
successi ve_Dbi LS have the same value, then a transition Is FeMIYHE
encoded si PPAIIng fe e mpdulaior llysicateddndig. (M) fromthe last transition. The
variable 1 o apgy.t4/[€a RS S 4s 1l luystrated as the second
wavetormin Fi gfg 2. Thgevar Ifgbfﬁé@ggéryﬁbéﬁléh?gggg%gpgﬁglan(quaq;@ of the

di  f er ent i BPAHYN teRANdYE WrstietedtioFig0 1t anchp adeerling SSEREBregbnPul Ses ti me
al i gnegh Wihferdtioansi tions in the VAC signal. The differentiator also gives a
90 degree phase shift to the VAC nodul ating signal. Leadi ng edge

transitions pr&igudeispoblackwhagraimerf gnERES W . itions
e st R atind AN eq

produce negatiye-gqin ] ses N

VAC si gnal"g@a%* ”?‘g‘%”ﬂﬁﬁg'tg#aﬁéa"%mﬁwe ahanpel asicgneing ite the goasen®. The a SAC
signal is jhealongletected by the | evel detector 25 to generate a series of
trilevel pulses having constant anplitudes. Wen the differentiated VAC
signal a SAC hklg & isa bleckrdiagrem othamFi m&ﬂ&&s\t&eb@iK/G&SMdﬂdM?'tHeﬂhea I evel

si gnalygi s 20s36 1 deq]tt@ﬂ \nﬁ%&;n a hiig,h val ue; when it has a value less than a
negative threshold val ue, W\ELOWP Frsiinal nedivatesk vgam &AM hepadcrstv val ue,
ot her wi se transhnitserailluemae! iveigles; all in a known manner. The level signal is
shown as the feur h signal (LEVEL) in Fi?. 2. The LEVEL signal nodul ates a
carrier signal' £rdntth¥avetam diagiam ssefiul koundergtandive triexageraflon 4f posi ti ve
pul se produetfer amid (! i l,. having a first phase, and_a
negative pul se _proqﬁggﬁgogglﬁgﬁg?&éaﬂgﬁ%m% B%HFGCF]H‘/T%WQS@SE%'BHEnWSG.
The first and Ei@c8rd aphlask sliagrampsfedroniadr emBadisicrntoral A’\Md%l%@or%ﬂfcﬂes out of
phase3OThin§aJ@ég;S?eJ ,ns&_%nal Eul se is preferably substantially one codi ng
clock™ s period Tong, -andSEM PMentietiust rat ed enbodi ment, has a duration of
substantially 119 of the NRZ bit period. The frequency of the focal
oscillator 40 signal is selected



'so that preferably at |east 10 cycles of the focal oscillator signal can
occur during the carrier signal pulse tinme period. In Fig. 2, the carrier

signal CARRis 5 illustrated as the bottomwaveformin which the carrier
signal is represented by vertical hatching within respective. rectangul ar
envelopes. . In the CARR signal illustrated in Fig. 2, the phase of carrier

pul ses gener at eg. ig response to positiveyoi ng LEVEL puI ses are represented
by a * + ", and"hé& ISk 'ectsﬂlqgaamwéranpm@mwmem eﬂalrecerimponﬁcﬁw by

negat i ve- gQjengsekifY! p nt.ed
represent onl é subgb%%ﬁ%ﬁ? ”Wf§85§rewﬁﬁci‘ % ?@XWPftpﬁrségf?@egroé'Hﬂe%lbé! thet
|ntended t 8YPepr Bleetrategnip Ea@s&l ute phase The BPF 50 filters out all

"out - of - band" Fourier conmponents in the CARR signal, as well as the carrier
conmponent itself and one of the sidebands, |eaving onIy a single sideband
si gnal . The. out Pt 1§F@n@bcmﬁgfammftahaoBBEtcﬁQNh'thﬁay b& u@eé'lrﬁ‘ﬂ{eepl%'sgﬁpa”d

(SSB) phkas e modul af ed si gnal representing the NRZ data signal
at the Pnpm\%?te'%n 2@1 Iq aﬁﬁngué? aqﬂwe%w%ﬁgﬁad sigaak oThe npeiéi ver by

any of thetemnxyaIHNos\mmplad&maﬁﬁnhp@t iR %‘F%ﬁ erlcbBer ‘?? Spt {Hgg%’l%er%—'ﬁﬁ rarln of
us .

a receiver ﬁﬂl)ch ca ﬁﬁ‘l ve a signal nodulated as il

In Fig. 3, ?{mﬂ{]ﬂfé e rpRUpled tosancipapt t&intlrmalafaodlﬁf(emmetmfzo aAsi gnal
modul at ed astpdies6rmhi h@lcbfatlhgv f c nd 2. The input
terminal INis (éé to acﬁffyrf%ﬁta {O?eér%mﬁn%eﬂ% g %bff‘pﬂéemﬂﬂa'étftﬁ)lﬁvef)
term nal offeteREor Mooutgutwmurw oifdlheltewehﬁutect&rm Redoupled hHregr at or

120. Aggou Iy ator. 120, is coupled to an input
termi nal o?ﬁBH{ ﬁrﬁl{lﬁlrﬁ )ﬁ%]t]‘foer I O&AilIgtRTAR 'St%‘?%lqﬂﬂo dfsectred Inpmttl ng

anplifier WE3®inad oé(bbl@hﬁxlertlelo ang&Jt U@t’érnﬁﬁélrﬂfr’cﬁe nﬁ’fﬁ(elasg‘?é ?&Er%d 189, A

out put ter@ Dﬁ#’ t[l?? det ect or is coupled to an erm naIn of a
decoder P ad & Randnass f'Bf"r fErFec)(‘ﬁébdﬁepUtbS@ tempnaichfctﬁs BAFeS QIRY

si gnal repeafgtdt adaRbut i rmn 1IN and is
coupl ed to an out put teﬁ%ﬁqmaﬁ gﬁl’ ﬁ\'/fg&ggaﬁég es? ‘gf@r\aﬁ?%ﬁs out
out - of - ban%F”é'PgﬁﬁP§“Qlﬁé§ﬂn@gabtheymph’etesmnrrmdmll ated SSB signal . The
integrator 120 reverses the 90 degree phase shift 7 which is introduced
by the dlffere%tia%or 20 (of Fig. 1 ). The limting anplifier 130 restricts
t he anbﬁ i tude Of9 thE FMRYSFOrG émtameuseafttégr andnrsmmg)tm SRstieNbf the

anmpl i t ude,mdigar 9 0 lifier 0.corresponds to the
carrier pulse 8i gngﬁltl&liﬁm fzpusfr e% ﬁqu‘gﬁrgawr?to FRRIC R PErdP MA® i s eit her

an EM 6 dloéQ,ﬁﬂVrﬂllﬂﬁTaip therwavefbmss- Imﬂieeiduét@é?ﬂéd(eﬁlrﬂﬁdlhﬁﬁp tﬁ;ﬁ o‘#@f%?%ﬁ e the
FM or rlragq éf %g resg&i\fj ve| carrier pulse signals. 140
det ect s t 58 "CR I IRU e pn b%@é’ﬁéﬁ'@f‘é'sman% I‘eémml-toszajndNRHaflorngat

‘transiti orihis siphaisieiledratyd th u The

out put__of trlle get ect or r:L40 FSQ?QE@RS/%&?E rH WI dtweslﬁgnglp "@if:f"‘&eﬁondl ng
to t hdOVACUEPETHIe Bits. magh lestinpfter @avcdeﬁermmeﬁaﬁbrmréma&hé et hatieRy, se

oper at i on gRbwh JaTsTole; ( ) nerates the NRZ signal,
corresponc?l ng '?gyfehe Ng?e;slqn tﬂ% hﬁzg‘?—lp%a' ﬁng %ﬁeﬂ SRt pIRONCiGraareTIT. The
above- nentcrbtfbthabisrateat B Iearppd)ﬁ thatNEbZl s(dﬂ@Are‘iﬁe%% tﬁ@%SIDbQﬁsthﬁt gﬁcoder

150 whi ch e NRZ signal he out put termhal OUT
is then pr ocessegk@egﬁpnr’f zg{‘F(?HcEqi‘?’cm PP?”’%%%O Q'h@ﬂdﬂthellgRBestgmﬂ;esmge
carrier pﬂhﬁaﬂﬂb(esp@%bv@ﬁ%dé“ In B iRlstRREY enit) odY\ﬁlalla'ﬁq blaed Limes wth

respect to gﬁgh t her, and because those uI ses are ége l?'ﬁ R%%tion, it
is pog8i bM c%f?a'ﬁlaeVWﬁ?'QiéP@rGWGrcmo %aﬂlqblabpéntntﬁscMﬁ@lQuésﬁﬁﬁJearnﬁ

expect ed. 45Qfi ifXR e as described in
detail above, leacﬁplgﬁ eﬁé’l}#ﬂ%a{lmﬁ#A% gﬁ'gg?&ﬁ’t(lngf‘g)ﬂalﬂ)@\'of'n\ﬁmot(ﬁﬁe

bet ween NRZtHtpsiephaipplicathsi, inCVRZ sTS) AR hoo@BA S thd RS, . recei ved
8/9 of th a befiween NRZ signal transitions since the preceding carrier
pul se (represeriting a trailing edge), succeeding pul ses are expected only
at 919 (no transition) or 10/9 (leading edge) of the tine between NRZ

si gnal tran3|té Lrom hagﬁwéz Slmlarlc}/, after a carrier pulse is
recei ved 10/9 © pFi' signal is geded 9 artransitiorsinsthecencetihe

pr ecesid ngsngaalrlkm enubﬁlﬁ (@ S d| n ses
are expected only at 8I8 (%ﬁ?wd'p@ggﬁ' og?qbl%gt '(%g%?% 'i"%lerf};f %?‘P‘{Cl‘?e tinme
bet ween NRZ signal transitions fromthat pulse. The detector 140 only need
be enabl ed when a carrier pulse is expected, and only in tfie tenporal

nei ghbor hood of the duration of the expected pul se. 8 A window ng tinmer,
illustrated as 160 in phantomin Fig, 3, has an input termnal coupled to a
status output term nal of the detector 140 and an output term nal coupl ed
to an enable input termi nal of the detector 140. The w ndowi ng tinmer 160
rmnltors 5| gnal s fromthe det ector 140 and enabl es tti e 5 det ect or onIy

T 1 o e o



‘1o data rate 'through the bandwi dth by nine times. Qher conpression ratios
are easily achieved by changing the ratio of the encoding clock to the bit
rate, with trade-offs and constraints one skilled in the art would readily
appreci ate. The system descri bed above may be inplenmented with | ess
sophisticated circuitry than either Mary PSK or QAM nodul ati on techni ques
in both the ~ 5 transmtter and receivers. Mire specifically, in the

recei ver, &1 MRZtsignatodultied elows giAtionel pateheab@Rbatibh Mol dioail dibdier S
(e.g. 130) 1R, tbaerucsﬁ\g’ whi ch is both |ess expensive and_saves "power when
conpared t 0 Ot het "EPPAUYRIEh IS nipe dimgs thehikrathc JMnerytheniRAsiandl ng of the NRZ
si gnal maytdaasiiens erored |vdit 1 NRYENG! ' ng?a id AQLG devl ces
(PLDs). Such devices ar ewg el at?\;“éllr?%br?gicgglslﬁl@gé cﬁbﬁégnﬁﬁggig?{ o ~2).
In additi oﬁ',‘%‘ﬁ&'r%gfi@ sightiancediog raenk eynles Mridien it pleviousytsdresitiors o

wavef orgn s iy i [ L ther . there are no, tracking | oops
required, gﬁ?@g‘?efl?}?ﬂ% gagﬁgtﬂﬁhscg\g@gﬁ%%p&q%\é%éﬁééf’g‘&s13 €hited above,

carrier trHABsitisginmadeduttise endyteatsifhdl 1@0Mmid§e§|oéwgyt99§§ o1 ﬁﬁﬂti nue
for the en{H' e hit nperiod, oral w_ndow 25 may be use“cfl’ in the

r t n
receiver to eo%rpg@ys&mftwd Wﬁitﬂ? NR4 ﬁé@ald?ﬂey et teanaionwiient ipifl ses are
expect ed. Slnreesivebitshavbhg Iy . probl ens. with the present
system In ,accordance v?/ivt h %??ﬁ%ﬁ’&m@s’ r{g% ?ﬁ%ﬂé@eﬁ?@ﬁ'@%ﬁoﬂmﬁﬁ@
modul at i onS'88/H1iNeaacerling claskeyalesvbifsorndhe ldsn ttanahioni tTHY girlale data (e. g.
CD quaid t yashrgi . ' 4l eously with FM nponophonic and
st ereophon?%grgjrr%glgggg'%'%E!%Agf%ﬁwstst%qﬁggﬁt Br¥WavaLefosngRdi9- Fig. 4 is a
spectrum di agram useful in understanding the application of the nodul ation
techni que i || ustHeadSbidabd ‘ st.em according to the present
invention. Fig. 4a ill us?;lrfa{ggg C%ﬁggglgégwﬂgﬁééf'ﬁﬁr@n%%% %?eoadcast
si gnal s i rAitfREentiatare0 e arabicelasdries. of4aulsdshigmbelij@anivith 1rhmeisRPRhesent s
frequency, ‘ r . ortion of the VHF band somewhere between
appr oxi malt\élgg/}cL : %%2%%8%858%%?3_°e9v8i@79wﬁ9t o8iR3se sbift tnthenVAE
r epr esent edodulatihg sigeit.i Leddish b&§d transitibhs pR?ddEbtf{o%E V%Lglﬁﬁgpggegfangpect ra

. ca

of tvvo1 adj.acent groadcas_t signals are illustrate iach rer is 10 ~

i 11 ust'Pat S §IGRFrENRIEPNS Prasiice Aegative-aing ridses; efl impdrevdetrandsr.whi ch

carry th.ﬁb;{ﬁ?dcas_t sig{nal FM npgiyhated on the carrier. In the Unjited

States, FMNeLdiffgrantiated 6%9nﬁrﬁgdfaistilluubmmemium andi sigraldeFigure @,audi o

at full power in sidebands within 100 kHz of the carrier. In Fig. 4a these

si debands reeBYACustr%t.e%uggatched. The broadcaster may 15 broadcast ot her

i nfor mati on' i naf he> MU AYES dstestach by thedevebdeteotan\#6, thgenereteen seriensni tt ed

in this band nust be 30 dB down fromfull power.. These sidebands are

i || ustrat & tHigvehedsesiipdognonstaat amptitudes. tWaes ahe dIRAERERBY 0B Car ea) nust

be separat fed té)b@rc Iheast 400 kHz. The upper sideband above the carrier of

t he | ower sfgna las @arktas bredtersthefal poditivd i alde! jfy the
d?eytag b P ditive throdkbld Salue! gﬁé\gﬁ?isggg}aﬁ 1

| ower spectrum ramof Fig. 4b. In Fig. 4b, the vertic I on

repr esent geABAAhEARGRERIGAN e £ 4b . t he nophoni ¢, audi o, si gnhal L
+ R audi o%si gnal is 'g?anslrari t\{ae 'i"\g{e{'}h’g hgstaovﬁge Eqﬁfqg?'ﬁlgmat'&? Toygshold

modul at i ovaluyallevefisignal is gormuatied heivirah 16w valur) Shéringsk Bhead a center '
doubl e- si n ed-carri i gna] around a suppressed subcarrier 2
fr equencygg?é?,g“ M%‘?m%aﬂﬂaﬁl i{‘? EGW%P@:\%’@F[ s ghoYifess &%W%S'eﬂélb) runs
from 23 kHEVHEL) 3B FigdZ. and an upper sideband (usb) runs from 38 kHz to 53

kHz. A 19 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 T HEWEhi|rTal rodiitytef Bt drfier iGN Frdth 96 ar ound
t he Ln ﬁ?e ﬁ\ﬂerri% %ir'Be" gfrom53 kHz at(l) 101%?4er2) reﬁa%lsgggg? g%}e@}]t o the
0

br oadéast SRILWR Pulgadredunesl a Pyiseofwelrisn signal bbbingentirst As
descr i bedpbew endfd AELAHRAR filike bR RR0s sHAuILS BRREIHE B nBPHE! T USledie 430 4B

down fromfull power.
phase. The first and second phases are preferably substantially 180 degrees out

of phase. This carrier signal pulse is preferably substantially one coding clock



‘Usi ng the nodul ation technique illustrated in Figs. 1 and 2, descri bed
above, a 128 kil obit-per-second (kbps) signal, containing, an MP3 CD
quality 5 audio signal, may be conpressed and transmtted in a bandw dth

| ess than 20 kHz. This digital audio signal nay be placed in the space

bet ween 53 kHz and 100 kHz in the upper sideband (for exanple) and
transmtted as a subcarrier signal alonggswith the regul ar broadcast stereo
audi o si gnaleriodsorid, landtin ahedlustratdemBBdirdht e i i
signal is the SE\%??' nal, descri bed above 10 iﬁ%?g?t%?%aﬁo%ﬁﬁﬁﬂiaf and
runs from é’gﬁp% l?'gp9“@® itRe frasiugocyk [af thertnice! pseillatomd® skl ksHreladfted he

mai n carri @b tRpe , ' l ower., Such a siqgnal is
termed an in- banﬁr-ezﬁfdé’ﬁaﬁg?&?\%%‘gg}%%@?‘&%} Iéé.é'llf tlgrsS'gn%llc(?@kociﬁuéngﬂg of an
FM br oadcadbe caries signakpulse tiorepperiad. nin Big. RntHacatrionsigharmaRRds gi t al

transm gsi ccarding tq the present 15 invention, and inplenented
usi ng. t§he‘mr?rjt§ u?ézﬁ]%)ﬁ?e[ é%%%Tq@8V%8EBr'PMG*Aﬂb%8aFWE Aigpakie representsdmygs. 1

through 3, vertidal batchingt Wite i RseeEHeSretbdrgil ATRvERBeS AR HRASC x
illustrat eg&i n Fi(g 1 are enclosed in a rﬁa‘?shed reg?ahgl e | agmﬁgn?:i g. 1",

are desi gnite¥ais R Fiael sHiperhase af aasternitsns: genenated e renponde $¢ piobitiged n

detail bel gwingliay j ' f ncader 10, . differentiator 20, mxer
30, 20 osc?l Inagtor'%gﬁ%%%aglg%gg%sgé%grg\{gs o aéglihﬁﬁjat?ée(?? CRF&Y PARAF

nodul at ed §Pgerated iICARR @iseRiogiega}ive eires EEVEINQuUIsesiag toptedonBst biagnal (NRZ
of Fig,,2)nald, as_descri bed aboye wth reference to Fig. 1. An output
termna o}rhghé" BPF 56 feéar%st?u"gloé'b f@%ﬁ”‘i'aﬁlﬁlu 8Q degrenahase differanees andr 60.
An out put ter mtiaterafedttbaeprERbnf 4ff abfbli® S4Bl €d to a first input ternminal

of 'a second m xer 70. A second 25 oscillator $0 is coupled to a second
i nput term nal of the second m xer 70. An output term nal of the second

m xer 70 is coupheBPE &Cefiitérsput: allctolitnalbafl" Rolifidrdonipdiepid fMld EhRR 260.
first filter/amplifier 260 is coupled to a first

An out put giﬁrr’q’ nal qL tﬂgq '

i nput terniHar” 6F P'SFYHA CHURLFFEPODER) itselfl 2nst png of thansidebangds, dedyinsndcast
baseband sogyal singleHEsHIhd d1s fe ' t inal_ of a
third m xer, gzoﬁ' QA t hi rdnogs(]r:ﬁ II at-r?ra &Zl%gml Sgnéli’(i@'ggt{)rﬁgﬁé {gg#asés’g@?ﬁﬁ%ianput
term nH  ofinglésidahand (§5Bkphasmor Kaavengumotelatadsipnalfrepfeaehting dhaNRer 220

i s -couple j rm . Of cond filterl |ifier. 240. - An out put
torm nal ol Rl athe FERFLIMAS) N, T3k v fabenitel wtererverput
termi nal oy ehe of ity alangdatoiwre traR&Missivh @ehaigues.er m nal of the . 6 signal
conmbiner 250 is coupled to an input termnal of a power anplifier 270, .
which is coupled to a transmtting antenna 280. In operation, the encoder

10 receives a diigi 3 a blapkadiagrapt es anbieigert Waichi @intwkedydi sighbgnal . 1n a
preferred i t hi ignal i 3 conpliant digital audio signal.
More speci ,gp‘gg@%gegé Hlé'sgﬁgeldﬁﬁl%%fuhj in %gﬁ'gs"’t”r@gﬁ? fesmying! W g coupled to a

err or -20or remirc@of-aFsidpal ersuulfed 'adSdgiariBe BB Rl P TRRerbRc) 1& Bilfs. 1TAGN2L he

FEC encod data streamis packetized. This packetized data IS then
conpr essed! B MPHE t@rmigal; INr iy corpleditoaaninpiuh terminal of & BPD 1419. SAB itpmal , as

descri bed 4 ; PPN : .Si | produced t.he

osci | | at orﬂeﬁgﬁi%!safsgqﬁg?za 1toolggéec’hg?%%7%mfn%ts’fattgﬁémﬁll?og‘ia?rbﬁ't?ﬁ’fﬁg rrﬂa? 0¥ r om

thg Fncpdem:ctmt tegminal uJIfahgdhtegra?rl'ézoeslbenplﬁdQa!aﬂﬂﬁuutofer&ﬂqaﬁ_d‘rflélzllimi'{M§l 4
modul ati on u y be a requepcy, .but is nore practically selecte
so that i ta%é@feég‘pr@dg%t‘?i‘t?“%p¥?@?ﬁig’ﬁéh%i"ﬁmn%iﬂ@i'f‘ﬁ@38\# couplegpp ani | ters.
For exampligput tepinirall o k I a i 10. 7
MHz 1% 'Mﬂg,w?o MMz 81%4%%“4%4;@'&] C‘%|&nﬁﬁﬁ‘2{%”ﬁ“f’ﬁ§tufg‘§%§§’§%%§?%@ﬁ%, 10. 7

Mz is selSUPRS toan inpatt tpaninak ¢y decedrretfid., Ahcowtpdt téreniBRFOSMei S

i npl enent LSt 0.7 Mz filters, The filtered SSB

si gnal frgc%c?ﬁgp %%QE%}O:agcg%lfelt Pﬁgdsjf%?/ala{ﬁ%rlef?ri‘tgfjetyoﬂgnraoﬂbf-aﬁ%q%‘@f‘ﬁbﬁ by the
conbi nat i chedhpytitermieabiNl anil xecodflednd sheaapdt esaihdladgr, 80. In the
illustrated enbodi nent, the second oscillator 80 generates a signal at
77.57 MHz and the SSB i s up-converted to 88.27 MHz. This signal is filtered

and 25 further Imepeiatiosdthe/BPRd 10 filsérsfoutteen/otmahtfsigiald6shssiheohr aagdcast
basebagnd si r ssor, 2 recei ves a stereo audi g signal (not shown)
and pggf o?ﬂg&?htee%s$€)§§fgrﬁll'oi8§éri’tﬁgrﬂébéggaﬁeye'isés ftlog ﬁlotiﬁﬁré‘?nﬁbéeﬁ? sbifst er eo

signal, including the L + R signal at baseband, the
doubl esi deband- suppressed-carrier L - R signal at a (suppressed) carrier
frequency of 38 30 kHz and a 19 kHz pilot tone, all in a knowm manner. This

signal is.then



12 nodul ated onto a carrier signal at the assigned frequency of.the FM
station. The third oscillator 230 produces a carrier signal at the assigned
broadcast frequency which, in the illustrated enbodinment, is 88.2 MHz. The
third m xer 220 generates a nodul ated signal nodulated with the conposite
nonophoni ¢ and 5 stereophonic audio signals as "illustrated in Fig. 4b. The
nodul ated signal, at a carrier frequencyyof 88.2 Miz, with the.standard

broadcast ambicb isirdelkianeks biy|the HiffsleReaton 20 [@f FH0.1)] ihy! and
anplified cecond filter amariroor 20,8f Figin): iﬁ“tgeﬂﬁf‘“?’é R0 i i

he )
the SSB nod 6aE9§H“HF§'P? aMPETysiead’ thecsignat drom thet intédrator/1REptd & censtafd to
forma comogiltedsi ; } | { i gnal .LAcl udes 10 both the
st andard br oadcast gﬁg%éggéﬂﬁﬁfﬁﬂfﬁﬁ‘ﬁ%@i%@g@ﬁaé5 (TeSPREDIP HReFHERT i er at
88.2 MHz, antetsignabSHRR Hiustrata isi Kigal. Therdstagot nR0dE githéd arBgi O Si gnal

t ; b h ] .27 NHz illustrated in Fig.
ab Thi 8 cossantifgol M Eehaie-Bhkod RordPluiiretiiperagrinie Deead oarbl 11 o
270 and_suppddulatotiprdshectvanssdrisi filea SioR a2 PR kL ALHL AR, O FM

radi o receiyvers. iLS Fig: 6 is a block diragramof a broadcast™ recei ver
whi ch can FEUE PHSES dnFignerasas pailedelsigrel hENNg rtoaditists reprseniaktisr the

i I'ustrat e@dhbse Fhdtiningd | h el ement s ‘which are the sane as
those illustrated i In' F? g&f glogre (I)Sueisr ?ﬁgedowgﬁoéa?\g@ﬂéﬂtqreﬁoaﬁ&hé | abel ed
Fig. 3, ar¥adele gifavisth wignal toreesrmelingefoethentRC RIGHRESERNG. af1e #9oder
descri Egd i3 dpfetriacjr}nﬁggle?w I n Fi [% 6, .a receiving antenna zo 302 is coupl ed
to an arrploi I er ° TP 8% PREETPR Afithaeneeder D (i Rigwpl )i fendgeperates
coupl ed t otlee NREstigriahpetrrdspbAtingl tohe NEZ Liahali 08. A ut _term nal
of a first ?%ciJ]_Lat or 3D8 is cog Ioedeto a Ige%lg}r]lﬁ'n%u tpgibrﬁqél%qote})ﬁ'}aie
first nixeP%06 ARPRYR-PENtieBedilh&l Petent hpplication (RCACBS,3a6) desaibssled t 0
respecti vedédyuetr 158 Whisd!l f F ng, a abl e BPF 110. An out put
termnal of the BPF 25@1 a??%’oﬁ?ﬁl"%%@oﬁaﬂh? WS'%&W& po(ypplgﬁermmaf)

i nt er medi aPYTipdherpocessdy bampllizdticar cidd@rpviaisheeyn)be a |imiting
anplifier. An output termnal of the IF anplifier 312 is coupled to an
input termnal of an FM detector 314. An output term nal of the FM

det ect bt 314 i BgupR Erp etrignpilspsiisigmal GARR irFiga) bbbet & wel denaser 316.

13 I n opergdi ; ml i fier 304, receives and anplifies RF signals
fromthe rg@g?wg{g%ﬁﬁnﬁgp@&éﬁ?ﬁgﬂ l?%ctaut?)géri’?qea?tﬂ?ég@@ Igaited i es a si gnal

at 98.9 Mguratior, it inbossitile 0o eahblerhe fdetsdtoP$40 0 it@8 \aRsh bfSt

m xer 306 \gnfo Verts thel\ 88.2 NHz main garri epﬂéiggﬂglﬁgto 10b@§ﬁéfe§and
the SSB di%ﬁ%& e‘Q g%‘?’@"éﬁ gmi8 the biateged pmbegiment;, 89 deScridzl inThezaiBPF 310
passes onlabdvBeehdd pligs pQs S R oy = around 10.7 in a
known manner. The _I_E a[rpiaisf%:%{?Qg‘?g%g%ﬁaﬁ@gg%%?ﬁhﬁ é)'?i‘gl%eéw&eﬁljm%des it to
an FM%et BevA! trangitigni tinege Adterteesartibeptias &bmardivedraosift e 3ires 88t &bamal -
The FM st ; odes the baseband conposite stereo signal to
gener at e qﬁjﬁ%?%@%ﬁ%ﬂ%ﬁ%@% 9@{% 8&5885%"5’%%[ I8 RYIg® Alepresenting Rotriling

r epr esent ieugel.lreicceedisgipuised aasidixpestedalsat 81d (r Yo lioadiy t e
il lustrat eegjﬁ%ggpg_isenmt?, t he t_unabFe BPF 1@_% i)s ﬁ?rr:ter%nétﬂg a cen /gr(leadlﬁb '
frequency, 8% W2 betwgep R4 sigpal transitons fpeathas pdise. sSigrilatlyanttand

t hat frequesdryier bilisd erdcklest ' t passhand of the BPF 110
runs 15 from 10. g:_%le—hr taoi 1%17 ﬁﬁzﬁ%ﬁgé gg%?ennapﬁgns'%?aq?FF’é'sglﬂ—nsﬂ'@fe

i nt egrPat orthe Breceding earrigr aviski(fepeesehBitlg alletdint @idgéf Gucdesdfshukad Hed

W ndowi ng i I .to extract the nodul ated digital audio signal,
and demdf%‘gtggegﬁq’égggé%h?%ﬁ?g Sﬁgﬂaﬁ" %9 \nagFansiian) 1aighaitime ptveert o

si gnal , i NRZsignannetsidesciroRethaabowe. W engy [ g, e digital
audi o si gna]_l‘s fromthe decoder 158)920 \gr-lge&gé%fggdsrse Phelarﬁé%p%%%rb%]gge
manner by W RERIIET PLlRetiE PXpasteds Bodenht in tiertempoeal anedl b Bhetabs the

cor r espondiyfgtidrOot 4 g,{p@egg bltjlgg digital audio signal. Mre specifically,
an

the signal is depacketized, any errors introduced during transm ssion
are detected and corrected. The corrected bit streamis then converted to a
stereo audio signal, all in a known manner. 2s The enbodi nent descri bed
above provides the equival ent conpression performance of a 1024 QAM system
However, in practice QAM systens are limted to around 256 QAM due to the
difficulty of correcting noise and nmultipath intersynbol interference
resulting fromthe tight constellation spacing. The above systemhas no IS
probl em because of the narrow and wi dely spaced 30 carrier pulses. In
short; higher data rates nmay be transmtted in narrower :



'94 bandwi dth channel's with none of the probl ens associ ated with ot her
techni ques, such as QAM Referring back to Fig. 2, in the CARR signal, it
may be seen that there are relatively wi de gaps between carrier pul ses
during which no carrier signal is E transmtted. These gaps may be
utilized in an alternate enbodi nrent of a system according to the present
invention. Fig. 7 is a nore detailed wawgeform di agram of the CARR si gnal
useful in underAtwindowing timeppitustrated 28f16D MOSHANS AN IFY. a8 qRAANRELW th
this alter peq%z airrbOdli Hent. As descri bed above, in the Fliebncoder's i ﬁﬁ%t rated
in Fig. 1 anemogFRGIdPaRIasiGARIPuRIIMIng&fitbel detrsten hEO aofl antmitbit 1o
period of télmimoabl%&b-ar%ﬁtﬁéjin‘b%&Eéﬁrﬁﬁal!df'}ﬁﬁ defbdtb@14d, ERY esent

encodi ng cl ock signal periods. Permtted time [ocations of carrier pulses
are repr es®YVIG tiRerhERP mwutteng siesalsAraarthe eptqoudrs t4trayd enabies akié her 8, 9
or 10 cjoclefRblses I e . . Jhus, carrier pulses may occur .in
any one of three acf?g{:hghtgg cr)fgﬁsgtsrg?%ggpec&q ?Fgrons'u'lns CAPTOCE suned to be 8
cl ock pul sesighbenotief theduraton-oSthatpulssAsd Hescribal $doBei S assuned to be 9
cl ock pul ses fromthe preceding one, and carrier pulse Cis assuned to be
10 clock pulses fromthe preceding one. As.described above, when a carrier
pul se is 8 cl odR thallkistratechembodinperectt ergrgnin () motibiated Highsateas a
trailing e i i and n be imedi ately foll owed by
either a 99'%8}(%@ t%gf’é’g%n‘?‘%gag':s)(ﬁﬂ?’,O-r%ggr’@é@tfirﬂgsH@blzéa@han@@onw-t he NRZ
signal, orqeently tedsos kamdiviRh oM el Y &lmdhe BieRdES apid hieadidg; in

t he NR% si%nal .. Simlarly when a carrier _pull se Is 10%ngﬁﬁgﬁré%§'€g?ﬁ%m t he
precedlthg 9é "¢ threyghsthebandwidth By ming timae. &ther comptessivRZatogaed , and
can only bgssi fiedb&by JHl i | .pc se.interv (B),
representing glsieeadi ng¥edggb| na thegr)éf\llﬁ?ftfrs%ﬁ%ﬁg??oqgg CB"’EF%}QG‘SM 'a e'i‘ﬁﬁ rval
(F), reprckeqn-phig and ceBstraiatgens skillae ilNRB arit gnalld r¥¥ely sbprédisfeer pul se is 9
cl ock pul ses - fromthe preceding one (B), this indicates no change in the

NRZ signal, and can be inmrediately followed by either an 8 clock pulse (D),
repr esen%i ng aTﬂTEEVHQﬁQ_déa?@b&mabm mmzlbsiigmédmelrgsqltww?( l&slcgogaigg)puﬂeate (E’?l,
representi 1 .S , Of . a cl.oc ul se i nterval,
repr esent id?ng:ugﬂi eag%éé(%gWﬁgﬁoer W@‘&d’g{a&ﬁaﬁ@"mﬂ@% Beth the| ust r at ed
on Fi g6 7 wransmiittonpphrardverhavionf sidutrioalipenaneqeédter, akfer thoflodbpiibeds i n a
NRZ bit periéogis one gf tlhree ad a](;ent periods (t1l-t4) can potentially have
carrier pul¥ELS @faciednimiingeamelitiers (gt 189) mavrha uses avhick g botlepsil se.
Duri ng t hesxpehsivy ahd Wae8s POWeRRIHEH irdhREYcRd, ! CARR 6
signal (fromtjnmes t4 to_?lozs, ot he?&ghirieﬁitg%h a%'%owr'rtgg' b@g?n?ga% g%eed on the
carrier siggafingaddaceding akthealBd signakhgy e perfarmatindtdnsreobbngise ( AUX

DATA) wit { G h r rood of ~t after the |last potenti al
carrier pmrggaﬁﬂégﬂe{%%g? SP%BF ﬁ‘égﬂﬁgxss Lgcﬁ'c%eevé%qsnﬂ'eﬁ%é'l’fﬁ{ydf’eé%ﬁ"tsf"é’r pul se
(D) s@or oupdrirengivt B so ged. ils additiinaithed is Ao Thidk iAol NRtRRFble ththey f er ence
bet ween thg, \%275” er Pu#[ ses 19&3%@% - (F) _carr¥i ng the digital audio signal
and the c&rFIer FhoWargornsharine tsAetreauired; aFyiiherg there atenio tragkjnglat a. Fi g.
8 is a bl gedpsticagiredn scepf FMMMRALITBFacBloly15op! €SNt I Nvention which can

i npl enent the inclusion of auxiliary gata in the nodul ated encoded data’

stream In Fig. 8, those elenents which are the sane as those illustrated
in Fig. 15 1 aBecalas| goaleesritt hh6yes 2@Rior tBIRAEHS Forfy? e not
described in get ail below. fn Fig. 8, aasrourcFeTﬁ%ﬁ(grtl BE%‘S%& gt‘xi liary
data (AUXPOHBIRFANELORRS Bet Fonppinuer for wheantitsf bia peiiod tempdrar windowting FI FO)
buf f en5402, g ' f FlFO buffer 402 is coupled to a first
dat a i nput é%ygfr?%ﬂn%f%‘%ﬁegfe%%}' Bﬁgfé%?ﬁﬁ%'vﬁfﬁcgﬂﬁbﬂwosﬁﬁPmyné’i IGEs e

mul ti pl exenlseesre sxpentpti e Cdrseqnenthy theteedrdi Htahnuaf-phitepRBIdhE Hitkdke The

out put terngréﬁt of, the level detector 25 is coupled to a second data i nput
termnal 8f°¥ S?ﬁflem'pl exer 404. A timng signal output term nal of the
encoder 10 is coupled to a control input termnal of the multiplexer 404.

In accordance with principles of the present invention, the modulation

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



I'n the illustrated embodi nent, the auxiliary data signal AUX is assuned to
be in condition to directly nodulate the carrier signal. One skilled in the

art will 25 understand how to encode and ot herw se prepare a signal to
nodul ate a carrier in a nmanner nost appropriate to the characteristics of
that signal. In addition, in the illustrated embodinent, the auxiliary data

signal is assuned to be in digital formgThis is not necessary, however.
The auxili d’?l}s'@eﬁl@Ugﬁmmlﬂwmfaﬂ’lﬁonbmmn&nahd)gteiécﬂﬁ&mc brozdcadt a‘lﬂfd ation,

t he encoderg o i_nt.ernal ng circuitry (not shown) which
control s t heg]nrgjle 'ﬁt% v'gﬁtstfrf"rﬁﬂﬁa%fs'qq?bentlﬁll &c's a spactrum giaggaroiusetiiiny nay be

nodi fi ed i nunderstaritng vndepsicaadn Y tRe e a
si gnal havi na a first sta‘?% dur?n ¢ %ot?ﬁ‘;dede(ﬁgt bnmgn? "%@’8&1@%% c?%aL
periods t1 382 asvsieehapenrding Watﬁeptﬁ@%&mlrwelwtoocd‘ug 4mnlmbﬁra£é‘éRReSI gnal ,
and a secompdwat @ahgeld cl erids t4 to t10.
Thi's si gnal pay pecbs (S e e ARG s S6iefonBapte ae out put
t er mi nal o1h°f'1thﬂ'f§r lifectiepraseat® fregGertay, the rémaséntser m:rﬁ'i%h dfthb\erhxed 30

during the A when ses may occur and to couple the
out put ter mBﬁaM%? E)%tw%‘—éi?\:ff QFgte OéZBWZcﬂ‘éd APR@xinatebt hey Wide @ignal o
t 10). Duri siendgth ipespredentetlinttRe bé)tlc‘élh@'?eéthﬁ Oﬁﬁ] Hérrﬂ@treglém'l lo fes ter

differentiator 20 is coupled to the m xer e circult P 8is in
the confi giPEFiAf fwe thaﬁ&f‘&érqaﬁlcmgﬂgrlals armllllumamuesEam mﬂmsbed above in

det ai | 1om[|]ugga{egeasog% % n the FlI FO buffer 402
is coupled to the m xerR ! Frété‘ﬁ ng Lfnt(a eaggcc&urmr E[%Ieg'%q&i‘r“ﬂs et cpsrythe ¢ he
data from E@adﬁ@stmlmlwmdeMIemrt he carrier signal fromthe
oscillator 40. The FIFO buffer 402 operates to receive the digital

auxiliary data Si gnal AUX at a constant bit rate, and buffer the signal
during the ting"gBeilbnited(States, iFM radie statiomsireay prd®izast v‘n\)onor;ﬁ@lc Ay be

d d. des t data t
Phe m wer 30 aPhanie e ey #0F bR W FHbATER oVitFmcl JRKFisp 2be cairter. To 1ot 10
- L\t) \A,heﬁlgtﬂeth@sa $1dabgncthaara llll,i’stia@edJanlﬁét@Hédin tﬁh@@bro @@as‘?&tmgﬂrowhpm of
t he bursts, of dat a. t hrough t he CARR signal nust nmatc
constaﬁ n%@agﬁar% ’ﬂ %f‘?ff"a&lﬁ’k‘l 'r‘ltﬁg?'dﬁéﬁﬁdﬁ frem ﬂge kilexid 2@@ kHdabat si gnall
fﬁ?éﬁéhéﬂfﬂ;m?ﬁ“ﬂﬁ’z?éﬁsﬁﬁﬁ e el B0 o PO A e aneal T in o
known 25 nﬂ#ﬁ@ﬂdswgl"ugtragechhmcbe& d&c@ayeamtﬁtloa:sr(&cms\/ﬁmé\/@bsﬁragﬁ@ar ecei ve
t he signal tr tedln Fig. 8 In Fig. 9, those
el enent s mﬂ?@ﬁqgggg? Eépésrgr?r%dséi ﬂ?@gt ﬁﬁ rated in Fig. 3 are designated
with the sane reference nunber and are not described in detail below In
Fig. 9, the outypudt F iR r 40| coupled to an input
termnal of a conturdtg)l%l atﬂ%aggmtggei%%cgigﬁgﬁ%? ﬂr‘%‘?r ‘fﬁjnf’yt PIRGEEE of the
cont r 49 ab¥ignain Figh 4408 lli@'cmejqbirethetlowelnepbmm diggrannat F% gishendggoder

0

150. A sec al of the controllable swtch 6 is coupledto
an i nput t%%h%gkﬂﬂ%al hﬁéﬁ"% eseRts Mp ] t"’t”e‘?‘?FPﬂ%'qagéf lp Hég AR dhe48
produces trenauhainid audio rf?al(LA‘l-W) did owi ng
timer 160 | angI ed. ng?gto an eﬁgbl ?I%Eétj{?érgﬁ?ﬁ ﬁ{ ?QSJ t@g% or 140,

as in Fig.® Q0% dnadylatian dayel.r dhe iLnpRitautier signall is afanshetted ak 0l | abl e

o, 80Gouble- Q0gSaHL AbprblB kRS flnd 400l FiflopBis 2 s enbl ed.  The
Si ?namtsgetrfmew of c38ldst ae%ﬂza?:tafla;mnlt 13\/&\1,\“ A ISwer Bﬁe%ﬁﬁjﬂ%)%n?f%}% has
afirst s rio 0 en carrier pulses

coul d pot eﬁ iﬁé??%bgg'ﬁ!'ﬁ A YR cHdrbasdfueblotinerfiwre3q kMztto &31@{2 IEurl ng
the peri odig kHz bllot thheWBRB-Haf tHeGFo UehaeDr (A siidreoll dopabentdl Iy occur

the wi ndowr&gg timer 160 conditi ons contro 8 St % coupl e
t he detect d.LGAjO'”tT@etsr*@ttPétﬂécﬁéoumsme ﬂﬁlalrscérﬁenoﬂ'hugmatldl-ﬁrinltﬁthdﬁ@t| cal to

that illu erates, as scribed above in detail.

Duri ng thzlrp?grtnﬁlg%%gel}ﬁ the %{EP“FHPVV&&SC{eﬁapg%ﬂqb§h0\flﬂbar@émgdhg,mqmo i's
coupl 88 t catries (iFe.FEOMIBS kBizrionNe kiHg) mamavsmn@wm@s%d@gﬁet kgry data
i s. denodul ated and supplied to the FIFO 408. In a correspondi ng manner to
the 20 FIFO 402 (of Fig. 8), the FIFO 408 receives the auxiliary data
bursts fromthe 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 nodul ating the carrier. Further processing

(not shown) may be necessary do, decode the received auxiliary data signal
to the desired format.



18 CLAIMS 1. An FM broadcast transmitter, for transnmitting a broadcast
signal having a carrier at a broadcast frequency and si debands, able to be
transmtted 5 at full power, within a transm ssion bandw dth around the
carrier, characterized by: a source {210, 220, 230, 240) of a nodul ated FM
stereo signal having a carrier at the broadcast frequency and having

si debands \# th a ban%vxﬁ dth |l ess than thé&0%transm ssion bandwi dth

repr esent i PascastAddignyiaformation at fulk pawer 0As 2Rscidied SDVEDFroBB60D00f a

modul at ed kB&GoJaENRH e [ S ed relative to each other
to represent the | BOCZé@iwt@ﬁgecgg{)gegfné%gkegaﬁocag%“ﬁ’sﬂﬁ"\/éﬂ”ipé’BYeé' pul se wi dth
encoded signal, and a bandwidth within the transm ssion bandw dth not

over| apping t heubigsh8rfgddbENAachlEB IS ) Ags’ 9Nk FORBENSr {250,

for conbining the nodul ated FM stereo signa BOC
signal to PBPYAsth&2Bdabitesr-sstamlalkbp®). sigine, tomammg aieMrd CDl qiayl furt her

T e

conbiner and a transmtting

characteri kg iTinlg Higitat bedioatinlapirad béoplas&d ROtHY PRk bRPNESSES WY dsfS: @
si gnal proqgéﬁ(z_[z .gZéO), res§0n5| ve to a stereo audio signal, for generating
a conposi t e sterel WPGPPeT sidghand (feuexamele) ppddransgitted os arubiasraier ng t he

conposi t e siyeslesosd WIeH rrier.. 2s.4. _The
transmitt errgof c?_"zélJ m 3 E%?%gﬁépfdﬁggﬁétf L%Oteg?lcﬁgg}r%%ﬁlagt@lm&%%m Eies: an
osci | | at or #P230FigyAtertheidigjtal Budiorsigrdd éssthef SOR skymay desdribearabsignal ; and a

m xer 20 p. t cillator. and the_ signal processor {210), for
gener agiengizﬂg@r?oé@ﬁ%gpgg mgiﬁéd UDp drom appropimatelyrfi kHz-60s%8 ktar of claim
3 char act eFhigdsiwithin HDO kieohatiimalneshrEbrese HiLig, i ’

conpri ses filtegr and . a I,?f I er (24.0)r coupl etg'bﬁgt?‘\%%%%ﬁ%a%g%%gtf%u (220,
230) and tﬁ%wgﬁ-gﬁgph @o?’r@)’ﬂn%iésr tqrowsd)an in-band-on-channel (IBOC) signal.

Fig. 6 is a block diagram of an FM broadcast transmitter incorporating an

in-band-on-channel digital transmission channel according to the present

16 invention, and implemented using.the modulation technique described above
with reference to Figs. 1 through 3. In Fig. B, those elements which are the
same as those illustrated in Fig. 1 are enclosed in a dashed rectangle labsled
"Fig. 1", are designated with the samé reference numbers and are not described
in detail below. The combination of the encoder 10, differentiator 20, mixer 30',

20 oscillator 40 and BPF 50 generates an SSB phase or frequency modulated signal
{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

26  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
filter/amplifier 260. An output terminal of the first filter/amplifier 260 is c;)upled
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



C. The transmitter of claim1 characterized in that the nodul ated | BOC 5
signal source conprises: a source of the IBOC digital data signal; an
encoder (10), for encoding the digital data using a~variable pulse width
code; a pul se signal generator (20, 25), generating respective pulses to
representing edges of the encoded digital data signal; and an carrier pulse
signal generator (30-80), for generating a carrier signal having carrier

pul ses cor cegpehth agsetwna vt @EMRIRAI Methauhﬁ@?rnler 236 Ad @unt?m tdrRlindlforcl @i m
6 charact ef tgd in that the carrier pulse signal generafior conprises: 15 a
first modub ;rd(rg@(er 430 is coupled $p 8 inBUt tesminal o6 asiegaad ftltedamgbh@r ating an

| nter et abeol uaOHBRAK BHAR 5t BBecoRF iy BSEORG, JROW SLRIAd 70, B0). for

upconverting the internediate fr carri Tarrier pul se
signal . 8. sm@@dtlnmtswmtrai Otbtha:*slgnamcbmﬂnaerazser iAredutplt tdradinalzgd thee first
nodul at gr 9 ucing a carrjier signal at

| | at (40
the inter rre | at e g %#é ™ C% é%t‘?lagg'? t)gggln@g@f)a(pgmr@aﬁmlgef AéOpul se

si gnal genehahas o@ﬂdlddh@étﬁaﬁ&mﬂﬁﬁg eh&dk dg0, generating the intermediate
frequency pul se 25 signal; and the second nodul ator conprises: a second

oscillator (80) producing a carrier signal at a frequency to place the
carrier pul se dh@patatitin, the ehbsddr MaN&EeRSSE ANdiBRMNMNHH ReptebertifRy 1h8PPIi Ng Wi th

the FMstey e(%al L%?oalsxgna © nac';r|]grseferrgc(lj embodiment, this signal is an MP3 compliant

digital audio signal. More specifically, the digital audio data stream is forward-

10 error-correction (FEC) encoded using a Reed-Solomon (RS) code. Then the FEC
encoded data stream is packetized. This packetized data is then compressed by

the circuitry illustrated in Fig. 1, into an SSB signal, as described in detail above.

The frequency of the signal produced by the oscillator 40 is selected to be

10.7 MHz, so the digital information from the encoder 10 is moduiated toa

16 center frequency of 10.7 MHz. The modulation frequency rﬁay be any
frequency, but is more practically selected so that it corresponds to the
frequencies of existing low cost BPF filters. For example, typical BPF filters have
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 77.567
MHz and the SSB is up-converted to'88'.27 MHz. This signal is filtered and

26  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

80 kHz and a 19 kHz pilot tons, all in a known manner. This signal is then



20 a second m xer (70), coupled to the first nodul ator and the second
oscillator, for producing the carrier pulse signal. 9. The transmtter of
clapm 7 further characterized by a bandpass filter (50), coupled between
the first nodul ator and the second nodul ator for passing 5 only a single
si deband of the internediate frequency pul se signal fromthe first

nmodul ator. 10. The transmtter of claim2 further characterized f;y an

anpl i fi er Pedylagesphteda batrisesignahat thier atsigmed YreziuencyantithidEVisansel The
that the

nodul at or . . mtter of claim®6 characterized i
vari abl e th'l?'Jsde“}ﬁ’%&ﬁS WEB Cpg aparien signal a4 tas ?ﬁﬁ‘%”%ﬁré’?g?@.t Trgpsiency
transni t t ewhizh, i &idﬁllﬁs@éﬁﬂ%ﬁ&ﬁdiﬁ@ﬁt,iiﬂBBt’@MHzt. h?h@gﬁﬂpﬁ{i%e&-@o generates an

encoded digital data signal having | eading edges and trailing edges; the

pul se si gn@iNejRies Gangaulatar signyl ryedidatedesith 4hé compopité senophoniesmdnse 15 to
one of 4 heg Wafah ; ki NG 5 L e digltal da i.gnal and
negati ve pl}lbgee%ghpﬁlc?é;}saﬁ)%%@gglfs%gt'ﬁgsqgatscﬁgrr;h ‘5@ 4?’hgfﬁeeﬁ‘agH}a?%iﬂaf‘?‘aﬁ?an edges
in the di géarder ﬂaqwrmylg;afaaeﬁzamaz'xW&P_cmersitmdasdi BPeddcaenguidd erdeb3Rd80)
generates ; ri,er -pul se.havi a first ase in response . to a positive
pul se and ' asﬁi?“'?\tadi'_‘g 0 d'%ﬁ”ﬁ’é‘&%%ﬂ éE_ﬁ@HE‘QI%&é{@@_%&@M filter/pmpdter 13, The
transm tt e24@f Thisasigndlds ebmbaridowith eHe ISSH Matulhsy Iii'gftgff siﬁl‘i‘éjl?rﬁorh %he first
substantla#.ll% 180, degrees out of phase with the second phase. 14. The
transni t t erSfaneplfienagRatoaformerg sempesite pignal HEhip gbwositystanalimebides or

conpri €S both 4he 3t4Hdf & B%c%t%teﬂe%%onﬁ%ﬁ%oe gidggarﬁcpsem% g,g{ie%f on %‘r[n]éj
carrier at 88.2 MHz, and the SSB modulated signal carrying the digital audio
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. 6. 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. 8, 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 terminal 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

256 310is coupl_ed 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.



a level detector (25), coupled to the differentiator. 16. The transmtter
of claim1 characterized in that the digital data signal conprises a
di gital audio signal
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signals, all in a known manner.

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, t.he passband of the BPF 110 runs

15 from 10.63 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 correspondihg 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 syst'ems 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 |S| problem because of the narrow and widely spaced

30  carrier pulses. In short; higher data rates may be transmitted in narrower
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Referring back to Fig. 2, in the CARR signal, it may be seen that there are
relatively wide gaps between carrier puls_es during which no carrier signal is -

6 transmittéd. These gaps may be utilized in an alternate embodiment of a system
according to the present invention. Fig. 7 is a more detailed waveform diagram
of the CARR signal useful in understanding the operation of a modulator in
accordance with this alternate embodiment. As described above, in the encoder
illustrated in Fig. 1 an encoding clock signal has a period one-ninth of the bit

10 period of the NRZ signal. Dashed vertical lines in Fig. 7 represent encoding clock
signal periods. Permitted time locations of carrier pulses are represented by
dashed rectangles. A carrier pulse may occur either 8, 8 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

256 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
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uu potentially have carrier pulses, while the other six (t4-t10) cannot have a carrier

pulse,

- During the interval when no carrier pulses may be produced in the CARR
5  signal (from times t4 to t10), other auxiliary data may be modulated on the
carrier signal. This is illustrated in Fig. 7 as a rounded rectangle {AUX DATA)
with vertical hatching. A guard period of Ot after the last potential carrier pulse
{C) and before the next succeeding potential carrier pulse (D) surrounding this
gap is maintained to minimize potential interference between the carrier pulses
10 (A) - (F) carrying the digital audio signal and the carrier modulation (AUX DATA), -

carrying the auxiliary data.

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 Flg 8, those elements whlch 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 émbddiment, the auxiliafy data signal AUX is assumed to
be in condition to directly moduléte the carrier signal. One skilled in the art will
26  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.



10 U U 10 U U | 7#10% U U& ()-! (" #109%B5& ()- ! D #10%UQU& ()- 5] 78X: ;
=\ =] =wU@3: 04|! 10 10 I .

[$1})0/% [ p& () - ; | X$1E)(E}<£<ﬁxh&'[ ?§ P Y$100& () - - | 1Ss#109%hCha () - M NPSs#109%mhnha
()-n =r==>72@ G0: 04| | 10[p[p!,,#10% J° J& ()-:!1,#10%}& ()-:!3 "10%

& ()-m "10%| |& ()-m LS 10% & ()- 10[ p[ p@ACO D o
EEWUGO: 04| 3410%)| & () -1 S-#10% | & ()-!\-#60% | & () - I NFTOYRRE () - 1\ #10% | & (
) -1 k#10% | & ()0 oBEEERG tthi bhBdd G410 ik de s intéhiVhé clrbaitry (not shown)

which controls the relative timing of the pulses. This timing circuitry may be
modified in a manner understood by one skilled in the art to generate a signal
having a first state during the three adjacent encoding clock periods t1 to t4,

5§  when pulses may potentially occur in the CARR signal, and a second state during
the remaining encoding clock periods t4 to t10. This signal may be used to
control the multiplexer 404 to couple the output terminal of the differentiator 20
to the input terminal of the mixer 30 during the periods {t1 to t4) when pulses
may occur and to couple the output terminal of the FIFO buffer 402 to the mixer

10 30 otherwise (t4 to t10). During the periods (t1 to t4) when the output terminal
of the differentiator 20 is coupled to the mixer 30, the circuit of Fig. 8 is in the

configurétion illustrated in Fig. 1, and operates as described above in detail.

During the periods (t4 + At to t10 - At) when the FIFO buffer 402 is
coupled to the mixer 30 (taking into account the guard bands: At), the data from
16 the FIFO buffer 402 modulates the carrier signal from the oscillator 40. The
FIFO buffer 402 operates to recsive the digital auxiliary data signal AUX at a
constant bit rate, and buffer the signal during the time periods (t1 - t4) when
carrier pulses (A) - (C) may be produced. 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 alsc how to provide for overruns and underruns, all in a known

26 manner.

Fig. 8 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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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
bulses {A)-(C) could potentially occur the windowing timer 160 conditions the
controllable switch 406 to couple the detactor 140 to the decoder 150, This

16 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
demodulafed 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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4>, 6} [ OM 041 1 #LO%EA% b brlo@tdisetdristhiftdr, for transmitting a broadcast signal

having a carrier at a broadcast frequency and sidebands, able to be transmitted
5 at full power, within a transmission bandwidth around the carrier, characterized
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 repre'senting 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 sterec signal sidebands; and

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

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

2, The transmitter of claim 1 further characterized by a power amphfler

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

3. The transmitter of claim 1 characterized in that the modulated
20 ster36 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 sighal processor (210), for

generating the modulated FM stereo signal.
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between the modulator (220, 230) and the signal combiner (250).

6. The transmitter of claim 1 characterized in that the modulated IBOC
5 signal source cdmprises:
a source of the IBOC digital data signal;
an encoder (10), for encoding the digital data using a'variable pulse width
code; |
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 geherator comprises: _
16 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) coubled to the pulse signal |
generator and the first oscillator for generating the intermediate frequency pulse
25 signal; and the second modulator comprises:
a sacond 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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a second mixer (70}, coupled to the first modulator and the second

oscillator, for producing the carrier pulse signal.

8. The transmitter of clajm 7 further characterized by a bandpass filter
(50), coupled between the first modulator and the second modulator for passing
5 only a single sideband of the intermediate frequency pulse signal from the first

modulator.

10. The transmitter of claim 7 further characterized by an amplifier (60)

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 leadlng
edges and traxhng edges;

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

15 to one of the leading and trailing edges in the digital data signal and nega'tive

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 pulsse.

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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a level detector (25), coupled to the differentiator.

16. The transmitter of claim 1 characterlzed in that the digital data

signal corhprises a digital audio signal.



