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TECHNI QUE FOR TRANSM Tii Nm'mmm ATA RATE S| GNAL, AND AN AUXI LI ARY DATA

S| GNAL, wWwdiaesoA BAN i NEL The present invent POUSEI2Z2BEs to a
nmodul ati on techni que whi ch«ipnvi des a 5 high data rate signal, and an
auxiliary data signal through a band Ifimted channel. It is always

desi r abl e RONMODULATION TEEHNIOYHEFORII RANSNME TINGOAJHM GH DWABARARECh have
limted bandwi dt h. l\/lanKI nodul ati on techni gues have been devel oped for

i ncr easi n@IGNALJANDrANAUNIBAGY BATAMENALZGTHBOMGH A BAND LIMIEER shift

keyed (PSK) and Quadrature Anpli tud@ M{Mati on (QAM techniques permt

conpression by encoding a plurality 'E! 'a bits in each transmtted
_synbol . Such systens have constraints associated with them First, the

har dware associated with such systems is expensive. This is because these

t echni ques r Eheipresenthingantienaklasés tharmedulatiopateichpique wihitdy prayidgsepat e
.properly, nsequently, extensive,sigpal pro sin st be perforned for

Car 1 or ik Satacietn giorhrin ety Yatn ot tarauith & ang nlet sRARRAL
Second, such techniques are sensitive to nultipath effects. These effects
need to be conpensated for in the receiver. Third, these systens often
requi re bandiiidtahwale\desirableosepeonvade dbteeat highenrelahppaiesathrongh chennéganpl e
i n-band on-channel broadcast FM subcarrier service) for the desired data

rates. dich hpye dimytedibandwidd. ; Masnwovedelatign teeheiaesdiave BP%fhal s t hr ough

a channgl.. ,So dul af i. chni S | Lize h I , While
ot hor o PexgaPel 87 HisBerRl B BRa RSO Lph EEeh il TR S Si0E; -8

mul ti pl grhsw sAREKEYE® (ISRREAdNLAdrat @S| Mg pRtedd Mbdilstiien 0QaM) Richailtidsng a
channel anong a plurality of signals. By sharing the channel in this
manher , peheitmoenpielssion by ghpatdingha pluhlitysot datachisieleath transmitiedd. | n
accordance W th principles of the present invention, a digital data

nodul at 8Y"1bg'-cg.‘n’ﬁf"e?}'stt§m§ (G EQNYFaiglsagFaciyte a‘f"&p'stihﬁﬁ%ﬂ Qlﬁégitl}?& a data bit

eriod, i i i ) ; t he
B! o) naRflyAr R Bh AR LR R0, MaTotetanestRRdes the
code havédihiQUgLRecRMUS Higly ldvel aff chaheeMialeanity i pridretadaparae properyad. A

pul se signal generator, generates respective pul ses representing the edges
of the &ovnsdadentlyyi exiengweasighgnprocessinamusgl bepgriarmganior fapiergener ates a

carrier signal havi carrier _pul ses correspondi,ng.to e r ctive
pul &8s a[ﬁcgﬁ't?'tsﬂg‘t?ﬂggm}ﬁﬂy'é'ﬁ " aﬁf’%taé‘g B n?lh%hagﬁé@'l :‘%,cy%gaggg i gnal

ot her Wi §gchdifudCarRy SanGaviithmanpaekrRepectrnebe tdidis feeattd swention, a
digital data denodulator Is coupled to a source of a nodul ated si gnal

i ncl udi rgrpensessl for ibi thepeceods, Tdach these sgstenis pfteni regeirediandovitdéhai ng a
carrier pulse, spaced_ relative to ofher ca(rri er I%u Ses epresent a

, tor
var i abl &epand ghgpeipMailalisde somegppRicaiions EPryexgmp H"l&a%‘gEB' aYeer val
during ' Lel:] ol ihiary data signal. A
det ect o%%%%g%g%g'{)!f:ﬁg'érrrts)sgwggLg&?ﬁj}g\;\ﬁaﬁ@ﬁtegn%%éﬁrag%% a variabl e pul se
w dth encoded signal in response to received carrier pulses during the

first interval, and an auxiliary data signal during the second interval. A
15 @@coder ddciscriso desirahlei WOPOVIRR §U SAVBrH datactierelsithroHgh 8 GheRBrht e t he

digital data si . .echni | ri,neci e

pr esent Sve A BRI SPEAGRZE MEe 356 Bhehi qanbléfelR) VIFIPURRSTedE |

si gnal tsgnifaghdbt! drahosisdnhedl LAISEH ! tFeegldHcuabnain matiplexianasd tirde syst em
according to the present 20 invention may be inplenented using relatively

i nexpensiowsainimalbiptaxing iase itnseteshniquestfor shitingat hhammed rdree ey @ciutatidy

provi des substant] al bandvﬁdt conpression. Bri %f DesclriRti on of %he

Dr awi ng of signals. By sharing the channel'in this manner, the overall throughput through

25 the channel is increased.

In accordance with principles of the present invention, a digital data
modulator is coupled to a source of a digital data signal having a data bit period,

and a source of an auxiliary data signal. An encoder encodes the digital data
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In the drawing: 25 Fig. 1 is a block diagramof a nodul ator for generating
a relatively high data rate signal in a relatively narrow bandwidth; Fig. 2
i s a wavefoorwnvstivagr am usef ul i n understandi ng the oper at i BET/0501722849

nmodul ator illustrated in Fig. 1; W O 112/ (19371 PCT/I1 S111 /2289 3 Fig.
3 is a block diagramof a receiver whigh can receive a signal nodul ated as
i T ustr@ading d Pafthle duls&hiidti cb8e haVYRRCEAYES BLadimMyg nse itehvhl WiERHSiRNdi ng
an application of the nodulation technique illustrated in Figs. 1 and 2; 5
Fig. 5 dataabiblpecioddi Agrase sigreah gehetatoadparsratasaespettiee putsesr por ati ng an

i n-band-on-chanpnel digital transm ssion channel i npl epented using the

modul at [ERRCTLEH HiR ePeps Sf Fé?@&cp e@idg@?aq1é1%ﬁ§'@mFi@.Caér'ﬁ”ss'anﬁ'l ock

.di agra F . LM Er i i i I ated by
an’” vt oy Sior At R Barti B ROHE! niihiboF R BEEEL KBrRsRbHgRY LEMK O 1

di agy amegpetbtiVe ipulsBrdenshgrpe itehvi?, aReMéd@atE by tREGULXAIRY daba dfgrdance
W th principles of the present invention; Fig. 8 is a block diagramof a
nmodul at otheawtss.di ng to principles of the present invention; Fig. 9 is a

bl ock diagram of a receiver which can receive the signal 15 produced by the

modul ator illustrated in Fig. 8, according to the present invention. Fig. 1
is a block dirpgecsfdahce WRNWndkir dfect dahaldrBge i*fh\l@ﬁtigﬁ,tﬁd@iélzdéﬁ”ow
band signal. In Fig. 1, an input termnal INreceives a digital signal. The

i nput tedemodalatbiNis sougpled!teda soume ohpumod@atachaignaf inetuding auiecedslve At

out put 2o term nal of the_encoder 10 is _coupled to an input term nal of a
di f f er eP@fiedreash hayinga it intarvahedntaining @ GRIfieE PEINE: #P3FeD delativedapl ed

to i term f d . out r ;mi-nal t he
O M g Bl 1 rhUEhnE VaFEBle Aop Vi LRLbobe AR
| ocal osighhli, ainer a 48cbhAd GatEl SIdirth P vaR6tP ke icaRikr ik ehodmatedPvithanm xer 30.
An output termnal of the mxer 30 is coupled to 25 an input term nal of a
bandpasauxilianyedatapsighab0A detestarpdamodulates themadidat®Ersigoal t© gengrbtelat o an
out put termnal OUT,. i ch ge erates a nodul ated sj %gal r.ePrelsentd' n%the
di gi t al V& g Pulge widt RPG? ?cggﬁnﬁ [n fagponse to received carrief pulses durihg
the first interval, and an auxiliary data signal during the second interval. A
15 decoder decodes the variable pulse width encoded signal to generate the digital

data signal.

The technique according to the principles of the present invention provides
for a high data rate signal and an auxiliary signal to be simultaneously
transmitted through a single channel. A system according to the present

20 invention may be implemented using relatively inexpensive circuitry, is insensitive

to multipath interférence, and provides substantial bandwidth compression.
Brief Description of the Drawing

In the drawing:

25 Fig. 1 is a block diagram of a modulator for generating a relatively high
data rate signal in a relatively narrow bandwidth;
Fig. 2 is a waveform diagram useful in understanding the operation of the

modulator illustrated in Fig. 1;



Fig. 2 is a waveform di agram useful in understanding the operation of the
nmodul ator illustrated in Fig. 1. Fig. 2 is not drawn to scale in order to
nore 30 wWeaydvg79 | lustrate the wavefornms. In the ill ustraPEWUsHIRIEHENL ,
the digital signal WO 112/0937!) PCT/US(11/228-19 4 at the input

termnal INis a bilevel signal in non3dreturn-to-zero (NRZ) format. This
signal is il Figstd &t edleck tragrampofnavedaiven wihidh gan 2ecdilie aNsignal gnal carri es
successive bits, each lasting for a predeterm ned period called the bit

peri od, Maslgtepyasidlyst@ted Hbglg-nﬁt he NRZ signal, and having a corresponding

frequency 5 gallged the bit rate _The |eyel the NRZ signal _repr ts the
val ue of t haF'goiLf:S éﬁpe?hfb_&“ @Eﬁﬂ}{ﬂmxﬁﬁw}/ﬁ‘ L,:ﬁ(?aergg%%%g a%ogpg%gra?i'?gs&ts%%encode
. the NRZpsddiitatiory séd1thigud iR t8d iyl IFRgs. Wi dhf code. In the illustrated

enbodi nent, the variable pulse width code is a variable aperture code.

Var i 8abl e apeFigurteicadilock diagiescet wed@M brokdasit transmitter niatérpnedtiraaent
.Application PCT/US99/ 05301 of Chandra han, filed March .1 1, 1999. In this
pat ent HpBRNERNTehanng W'sﬁr@?ﬁﬂ'sﬁ@npa%é'e@:ﬁﬁB ented ¥2ing APe owi ng manner .
Each bi ' ' ' | i atransition in the encoded
si gnal .hﬂ%@%ﬂ?%ﬁ@ﬁggkﬁﬁaﬁrggﬁﬁ?tF?%ﬁquﬁﬂg%t he bit rate is used to phase
encode the NRgG.96 @albloti didipambeiaen PRI brentshspabesivepicls @bh aaceivbe
encoding clock 15 runs at a rate Mwhich is nine tines the bit rate. Wen

t he NRZzskginghalodulaiiesi by @nsF¥r neadcasigiransmitter| idustratesl i Figgbe ' 0' |1 evel, a
transition is, e in the encqded signal .eight encadi ng clock cycles (M1 )
froffthe preglggﬁfsj'sc?é’ﬁ@\’?fioéw. g‘ﬁﬂéﬁ{“ﬂ‘%&%&'ﬁz L&%ﬁ%‘ia"@%gﬁ PBﬁrsat'I‘%o?‘fﬁ | ogi ¢
"0" lev s QG A v A Wi | e rekentBRniidnt he encoded si gnal
10 encogi%'on&gﬂ% 6éﬁQ€§8f%%“%émmlpS'ﬁ?' {)egnrb;fotrht ﬁ@%?’éw ouglut Pénsi tion. Wen the
NRZ signal degrs 8148 atbleclsidiagram dhaimodulaforsameedinigrd principleavsf thee sane

value, then a transition is nade in the encoded signal nine encoding clock
cycl es PKgsemtdnyeniéoniast transition. The variable aperture coded signal

(VACO) is illystrated gs e secon veformin Fig. 2, . varigbl e
Sperture codbl-of bnaIttovhardETaRt s SRR L ANIC Seflirebon e MY 2t or 20
10 REOdyesdieeh| Qe HholulatSSillliHBt e i'ngflgg8WabBoFd"1ﬁ€~°tbtth@rt§reééhtt he VAC
signal. The differentiator also gives a 90 degree phase shift to the VAC
nodul at iimgmrgiognal . Leadi ng edge transitions produce positive-going pul ses
and trailing edge transitions produce negative-going pulses, all in a known
manner. The differentiated VAC signal (err) is illustrated as the third
signal in Figiy.el & a bI¥ek QAR Ef PET6ANSNGr2R3 dererdiney a-1Agh siagaadte, s | evel
detected by the | evel detector 25 to generate a series ac of trilevel

pul ses nauiomg bapdstigmal. alwpfio: dd@s.inpueteriiealdiN feqedves atdigitajatoralgnbie aTTAC
has a val u reat ern, t.h Ltive t d el ,si is at
gener at é@ﬁa@f%‘ﬂ‘a&i INi 'Sﬁ&\}%l%e);% \?he'_ﬁpllj{]{efe{ﬁﬂgiél ?/f\e:%teé?'Fce)ggJ ? anA§1 %@g@% ive

t hr ggholigrrfingRbi!ehe @nkBYE! 10ii8RdUpicd BLBR I Rctdimihaldbfaa dfferéatideor 20. _
otherwse it has a center value, all in a known manner. The |evel signal is
shown adAr hetpgfudkermirsl gpfathe/ diffentiatar BOgs cuplérk to BEhpyt teratinalpefué at es a

FEAC KA E N e R
negat! V‘?'{rgtgilngﬁt REAAIGED A RitetSO! CﬂicraLﬁéciﬁhgis}aio *ﬂé‘ﬁppele%@e&gatﬁ’orﬁ’é‘ase-

The firs nd second phases "are preferably substantia degrees out of

phase. Thpw teaminarofSi@aixdgrd®.e Arsoptmitaephinal ddhbeanixeald0yiscssupted ittg
clock period long, and in the illustrated enbodi nent, has a duration_of
subgbantandnpyt 1erognipp! ohe melngiss fibier i(BBF) Fhe Ay edtrariciprvinal ioé the &iF 50

oscillator 40 signal is selecte so t.hat preferabl | east 10 cycles
of the |'§>88Fp‘8§c‘191_ 13 OHEPYS t‘?{m'”%gﬁé&&n'cﬁ&%ﬁaﬂ?ﬁeﬁ gﬁ’rﬂ%tﬁggﬁl% | pul se
time penbglsehfingitle digithNfighar it B iRpaDarmABRANS illustrated as the
bott om waveformin which the carrier signal Is represented by verti cal

hat ching within respective rectangul ar envel opes. In the CARR signal

dllustrated igy P Gs adyab BforRaRGrath SR B uitlrS B AIRG th@bperddbd §FRgNse to

positive
modulator illustrated in Fig. 1. Fig. 2 is not drawn to scale in order to more

30 clearly illustrate the waveforms. In the illustrated embodiment, the digital signal



20 going LEVEL pulses is represented by a " + ", and the phase of carrier
pul ses generated in response to negative-going LEVEL pul ses is represented
by a "-"wollp9379+ " and "-" represent only substantial ly BEGDUSE@28 phase
differences and are not intended to represent any absol ute phase. The BPF
50 filters out all "out-of-band" Fouriegr conponents in the CARR 25 signal,
as vel | aathe in@ut abfrhRial ARTPANARYel sigbl inrtREnPB8gurAftolddeo INBZPA6ARAat. eavi ng
only a single sideband. The output signal OUT fromthe BPF 50, thus, is a
si ngl e- Bhidesigpaalds (IB8RY atedamether tor eawefaryn i ffig. a2 .ed hei NRZ| sigrgresseasi ng t he
NRZ data signal at the ipput termnal, IN. This signal e trangmtted to
a recei Weg?@n?'t%fequg?ﬁﬁ? fRhaRTefpigIRNned ipéﬁoaé:(ﬁ”ﬁgﬁ%ég’.'t PeRero2/ (1) 379

oot oot BRA IR, Aafhel et o o NGB A R Bovifo L EB-GoNINE resibrigEE e
3, @ iedldd Ry Bithate.! Mhiedevslusd ©@ NRZaigmalrepréfents sh@valug®dthaatisie, as

.descri bed above with reference to Fi %; 1 and 2. The input termnal INis
coupl edalt o arkriavpntmarener nkihe Bnodder BPRpEratesAw encqsie theeNMZrgipnal using BPF

1 10 is coup]ed to an, jpput, term nal of an integrator 120. An, out put

et ni naf VarBbireby e ikl Godes o bechudiratht eMbad A haNarRble BHis
limting,; i f1 t \/ad LfELer. 130 is
coupl ed%%#é%ﬁ?%@raﬁl@ngﬁé% acéfg'ggggﬁbﬁaﬁgﬁﬁéoﬁ%hgq?grgrenbhg &(l)? t he
det ect odetkflOnilateroafibadl Patean Apphichtibr MG TvalS39/08 3dacoti€hahbta Mhaoyt put
term nal of the decoder 150 reproduces the NRZ signal represented by the
nodlf at BledsMgreh 1dy 19RO hpdbistratenhappligatiom ansN gedl isphaseqgaged
term nal P "I n .operation, the BPF 110 filters out out-of-band signals,
passi ngMo eyotl‘?é(‘”f?ﬁdﬂ?gf'%rd SSB signal, described above. The integrator 120
reverses the 90 15 degree phase shift which is introduced by the

differentiator 20 (of Fig. 1&. The Iimti anplifier 130 restrigts the
aLrpI i tude of Ea¢fd biy gerigpd ?’? e N ?'Hf‘%'g'rseﬁ‘?d}s%l%attéa’és'ﬂ%ﬂé@ ét:‘ﬁ e&ﬁﬁﬁ?aude. I
oi gnal “RaRE | AR &oding'deSaE AR kiGRE VP REHIERARR Bed th HhefidrjdBiaeP ! <€

di scri MHWNRZ sighah e aboekeatbrterd(fiteht ppticittorsetedencodingictodihe FM
or PM nodul ated, respectively, carrier pulse signals. The detector 140

det et srunseatcarateM pihiglkds aiMg gwasrthe &it s | n thegNBE signding
transitjons. represented .by.the phase and, {.im ngs of t.hose pul ses. . The

out put BPNERIONG T %?"Sl'ﬁoﬁ vteﬁéo \?iPP%de 'BY?"\?AW?W’EP&{%W C%“rlr'e'g‘beondi ng
to the ' (A ; tVGo igpper ati on
of the SheoTidSRine Bidrsbncedind ElOERTYRRE BA0 PROHP I piethond HapSRic

cor r espwitimghd DR eighBZ trangiti@nsifrorhi @lodic '@t leveétoatlpgic tiénevelala OUT. The
above nentioned U S. Patent application (RCA 88,9451 descri bes a decoder
150 whi HRNREPHE made in fhejegcoded signalR engpdingplogheyelgedM +ilaffRMal out

IS en (] i NBAL: e he carrier
pul %es ?gelr éﬁ“"gﬁg@%@s#@'gW'Ié‘%”OQEegH@%'b\FRé\ égﬁpﬁﬁg%@ﬁ@?\% ﬁh respect

t 0 eachsgtduysivelBiis IRFRUSR 44106 ©aRid, IREN A Bahsitiohad rhade inhel 8R¢6d&B79
PCT/USI | 1/228-t9 7 duration, it is possible to enable the detector 140 only

at ti nesignakninsueseedingslecpeveles (Mrdroraxtheplest tiansities. i Theveriabld
Ubst anePSftHP SORE GO AVACHS BASERR R, TR VaNGTar bl [, After a
carrier pulse is received 8/ 9 of the tinme between NRZ signal transitions
since the preged arhuie kperturd Codsd Stgnal (VAC) i8 Hifferendated By the
25 differentiator 20 to produce a series of pulses time aligned with transitions in the
VAC signal. The differentiator also gives a 90 degree phase shift to the VAC
modulating signal. Leading edge transitions produce positive-going pulses and

trailing edge transitions produce negative-going pulses, all in a known manner.

The differentiated VAC signal ovac is illustrated as the third signal in Figure 2.




edge), succeeding pul ses are expected only at 9/9 (no transition) or 10/9
(l eading edge) of the tinme between NRZ signal transitions fromthat pul se.
Simlarlwo@mws®w a carrier pulse is received 1019 of the RCTHESHERHWen NRZ
signal transitions since the preceding carrier pulse (representing a

| eadi ng edge), succeedi ng pul ses are expected only at 8/ 9 (trailing edge)
or 9/9_(nogrgensition) of the tipe between NRZ signal transitions fromthat
pul se. TR etigpal migvehegtestadibydhedaueldetRpEa 40 dageneratgd series
expected, and only in the tenporal neighborhood of the duration of the

expect gfltfdl 8EpueWiHANY BEntaRamPBlitlhdssr AVREN ake H@eltontiRbeandonTi n Fig. 3,
has an i nput 1% termnal coupled to a status output termnal of the

. det ect or 14@¥Fad{d an out put 1erm npal l e ] i.nal of
he. desBERbr 30, s sty ins PHRYR Rl IRENE W sl
detector 140 and enabl es the detector only when a carrier pulse is expected
. and onpgnéerateddavimpartdgh nvelughbehéodidhas atredueligsstthen ahegative portesbolas
descri bed above. 20 In . the illustrated ierrbodil nent, the eneﬁr gy in the

modbl aValesigexe! sioesl jsoenarpied BRYINBHIQY ¥2lyes othpriiisg 16 Pek'q carfels) tines
t he bi t . e y b i .dt f tel ; bit rate.
Thi s rsa/gflrﬂ%f ;%“i 'ﬁr%jﬁﬁggg]sﬁq\%gﬂt%hengﬁge?la%léq%vh'rgogﬁgﬂv? %g]t&grigmtﬂaﬁ?/l ni ne
times. (I(\Er) i@oFgr @ssion ratios are easily achieved by changing the ratio
of the encoding clock to the bit rate, with 25 trade-offs and constraints
one skilled in the art would readily appreciate. The system descri bed above
may be i mpl Grfﬁ%F‘EWEWsthah%&dnﬁ%@aﬁbhﬁ%@éﬂgﬁalrﬁ&w% IbBanogdiniwer 40 @ y PSK
or QAM nodul ation techniques in both the transmtter and receiver. More
speci f itls@hhixer 30.t Aepasitiee patse @bdeces lkepulsd Wf atagderssignal hasingxa fiegit ed,
limti ng anplifiers (e.g. 130) may be used, which i s both |ess 30n%<</pensi ve
an#0 sapBaspoaRd a NeaF I HPYSE HEo@ arylemat gavidi signarhavig Rreecongyo

] v ! i .
or ogr aAaBF o "BgI"S" A00;Bendst By B erEi e kLB PO bEE i e
(curregklphadd. tPhiDarribNsigfdi Hilgs is pheicpably sidstantRNIgYeMOoditigesibekence in

this system so waveform shaping is not required. Further, there are no

t r acki pgribddpegr endiindbe ilbuateried feonbadimaritobirs eeduration ofosyhstanBalbads®, as
descri bed above, .carrier _transm ssion,occurs only at bit . boyndarje nd
does n&f B8 '32 t P%Fog-hél@n{}ﬁﬂ‘éerlﬁ\f ofthe rﬁf,a' ins ] ‘%ﬁns "%ﬁek’ﬁ;ecge used
in,the i e, I i : twdd npul ses
ar 88 ox ST B WPeich Bl tBpet FByRes PG Ricop HheRBI g g o By S

pr esenthé :atesn signel poigkitiraé iperiotiorint Fig. @pdbié @birer digodinCARR idescr i bed

above is to transmt CD quali t\éq;di gital, music sinultaneously with FM
nonophdhistraipd as KiecbpHen wayebyae Hs whighithe Gagen signa; ig reprqsented Byct r um

di agram usef.yl_.i p. under st andi hi i cat i [

teohn; qetie e PRtCARH) Bty dGr R NS &Y. L P BT B

envel opfidtPitebNhFigadcasd phbsd st Satiert hleisdd gbhRérared i PéffonsentoFpesitide, the
hori zontal |ine represents frequency, and represents a portion of the VHF
band sguivg &EY Bhepulses isapgpreséntad diyya 88+ MHancthie pppse xif earkenypulegs VHz .
Signal strength is represented.in the g cal diyection. Th% ermjtted
envel oSEGeEItedyBCPRROBHS {R.9088] WeaRINt b Ll s GrTaPLesEned BYR( T & ed.
Each c | @6 vl Skt Inl wl L cal gmég i 20 are
Si debaﬁrg{sé V\Il-j]-i cﬁnd(j:arr 3&{"%%8&? gg@a@tébgﬁé é}IgIE\)/IOer{r\éi)%'l%‘f’ te eﬁﬁghﬁe&rﬁdﬂ. In

t he UnigrethoStiaterriedHd repdeseritaryi aivsolo®y phas@dcast nonophoni ¢ and
st ereophonic audio at full power in sidebands within 100 kHz of the

carrier. In Fig. 4a these sidebands are illustrated unhatched. The

broadcast er 1Ry BPFa ¢@ts LD "ot DB Fduliedr Dt slaiaBds the TARRO kHz
to 200 kHz, but 25 power transmitted in this band nust be 30 dB down from

fulb paigmal, anesell a5 dbbaadserac@mpbhest itaelf dndanreheti thendjdebands steavirghs (i n
t he sane geographical are must be. se d by at t 400 kHz. The
_upper Y @aﬂﬂggoﬁﬁéb?’ﬂ%- ?J}er?‘étlpuéfs'qrféacﬁ@&gmmrt@&@r’%g%bmﬁﬁc‘ésq signal in

\'7\:09 ( émggibéﬁ%ﬁﬁt@%é)%ﬁa@@ S RPELGeHB HRULATEA sidh 4l reffisehBing the 1Rz the

data signal at the input terminal IN. This signal may be transmitted to a receiver

by any of the many known transmission technigues.



PCT/USI I 1/228~9 9 vertical direction represents nodul ati on percentage. In
Fig. 4b, the nonophonic audio signal L + Ris transmtted in the 0 to 15
kHz si dethaneb/@87990% nodul ation | evel. The L - R audi o si gh@l/Up&l/2288nsmitted
as a doubl e-si deband- suppressedcarrier signal around a suppressed
subcarrier frequency of 38 kHz at 45 5 nodul ation |level. A |ower sideband

(I'sb) runs fg; i deffdr WPRieh cindelkand 4 [runs from 38
kHz to 53 k@&”ﬁ%ia%k%n o?%ﬁgq?oﬁe- krlalf t he frequency$(jo}1ica t he

suppr esagdulatéed bgrthei rmodllator ilaktrdest imFigse 1samtk BanbhsFigr Qurah inpet nai n
carrier. Thus, 47 kHz in both the upper sideband (Fig, 4b, %%the | ower
si debartarmingl INHsweyPkadota SONECeRT @ apsl medulated as dascERedLgPvE WHE KkHz)

fo pasfrnag s 1 A5 oa TR PR hAuRRDV IS BhyRRH ' 4 Binduteniid o0 &
musg 0§30 E(ﬂ’?n‘j'f’@“ Ak oiehid erRANErof el BRF 1o rgg@blﬁzméa a8 drefipdi queninal

illustrate Figs. 1 and 2, described above, 8 kil obit-per-second
(kbps) ofi gmattegeatot 4i20. ngnaoutpes t@Dnabbf the Itegratioo 12Qisatoupay therencoded
and transmtted in a bandw dth | ess égan 20 kHz. Thi,s di ital. udi o signal
may be IpPHE&rMinat atadipatiagroniiier 530k BN avdpyuipierriipali of thee "ﬂ?ﬁﬁlﬂr si deband

(for examl. g i{ie ri | n ) he regqul ar
br oadcaaéPntﬁ%rr dee{%&%gg[sglc%{noag? q'z%@tl f#ﬁ@?érla fg%j d?%&#?g .ﬁ%. g\n\rll\blliﬂla’glj& 4b, the
di gi t altepuhd oFi headetb6tdrhRIGRBesugRal todas tpiadrmaiml of cedeeodst B50.70 20
kHz, and runs from approximately 60 kHz to 80 kHz. This signal is within

1000k HZADfouthet termingkbet the decetert hoQ repepdusesttha MR signel erresentasbRiér |

Fig. 5is a block diagramof .an FM br.o st ,transmtter_inc 0 A an

i n- bandhenmesaied Séﬁ'%l'@éltﬂ?ﬂ'&ﬂ‘éwegg?'ﬁﬁd'@ﬂﬁﬂ%éﬁ CP?‘rﬁlegr?é’n?récﬁ’ugé o{eglltn @gt 0

t he rmdgbgti on techni que described above with reference to Figs. 1 through
2 i

3. In i'g. 5, those elenents which are the sane as those illustrated in
Fig. 1 are enclosed in a dashed rectangle |abeled "Fig. 1 ", are designated

with the sa ref ecence n e r i i il lyaw. The
conbi nati on OQW§5|8HC§6%§B?OT §%?P%§éﬁl§ i%g{tbdr*'eo}g{d 9@63135%'%@ oorrhggﬁwm' xer
30, osg Hd@ﬁé%@d%}s@@ibzrﬁlﬁFdé&rm@a%mﬁes Tne SR JPARIEI 20 révargaenisy 90odul at ed
signal (CARR of Fig. 2) 30 representing a dégl tal input signal (NRZ of Fig.

2) 15l | degredgstasebaftalybich isi introduped ¢y theodiffereniatos|A0L @RBigo 110 Ther er ence
to Figs. 1 and 2.. An tput . termnal of the, BPF 50 | s couple n i nput
tern‘: gahiméﬁngaﬁm%rsr fﬁ?abr Pe%@r_lcggnﬂ\gu@rygﬁtchm sng]nal ﬁ@n?;l ?i"%leéfatgb : Spu
coupl ed i j i \ 7 : d oscill ator
50 P<c1e8 Db ehRaA HhaEHE: e Slarey Rt Fitifihg Bnplfiér>e90d 0C i out

t er mi najofeShHordietd aeDBarrIErRNse Bignal CARR dilistataed in it 2.t &t delectdr a
first filter/anplifier 260. An output term nal of the first
filter/ 24Pl isfaidier 260F Msdiseiiminator corna mhase-lpeinas laosy Rk usgd tg dgrgadyl-

nbi . i f i
Comt et o 0P o] 0 SPUERS, LAgb e
osci || a4ap dectstHe LatRiPluBsks Shd geReREs ianfitlvel efgianalavivig traasitiohsd m xer

220. An output termnal of the third m xer 220 is coupled to an i nput
t er m natepresenteecinthé phase Aadpimings odmsespuloes.pdthet Pt the t he second

conbi neAERRSOr Ao pErv AR Al ol 8T, aprtorebrTh 0 AC Ealidd 1 o
an | npu};ié.%.mﬂ\%l dégoo%rpl%’@beﬁ%isftjh%ringgge operation of the encoder 10 {of
25  Fig. 1), and generates the NRZ signal, corresponding to the NRZ signal in Fig. 2,
at the output terminal OUT. The above mentioned U.S. Patent application (RCA
88,945) describes a decoder 150 which may be used in Fig. 3. The NRZ signal

at the output terminal OUT is then processed by utilization circuitry (not shown).

Because the carrier pulses (signal CARR in Fig. 2) occur at well defined

30 times with respect to each other, and because those pulses are limited in



15 which is coupled to a transmtting antenna 280. In operation, the
encoder 10 receives a digital signal representing the digital audio signal.
In a prewsyeads®rbodi ment, this signal is an MP3 conpli anPCHU§e22B4%audi o
signal. Mre specifically, the digital audio data streamis forward
error-correction (FEC) encoded using a7 Reed- Sol onon (RS) code. Then the FEC
20 encoflpgrigat # i§poaamId fo RAGKRE tieedetettdrsT POVPY bt elineainvhdrbplises are
conpressed by the circuitry illustrated in Fig. 1, into an SSB signal, as
descri ghectediefar exabple, inTihe ilusyatadecgmbbdinments iagndgsqsibedupedEtBy t he
oscillator 40 is selected to be 10.7 Miz, s he digital infor L,on from
the enc@hpye: gechSP EETRS ré‘it'é’@n?:lmét%'étr"ﬁl@r?ﬁ BEE]%&W%}DG e The

nmodul atj; f : or ' # |

el cct S0 GRMARTECIRY. 261G caRiqr e LEkoceiid BT BF e HIraE Hot Mok st eer
fi| ger SNREGigeal argisttiony pincel thBRfretedingrcartiar pulsentepreberting reciradingf 6 Mz,
10.7 MHz, 21.4 WHz, 70 MHz, 140 MHz, etc. In the illustrated enbodi ment,

10. 7 Medges, seterading pulsesaserodiacied aglyt aed (R My tragsiiari orBHY Seading

i mpl ement ed as, one of the existin Q.7 Mz filters, The 30qfli. SB

i gnal J4ndhipearReRs theeaN e Fdoadyanatifes e afet alRep-ShRE o

| 12/ 093 / : i ' ' fsi eEfivhgsinee 70
and seciﬁaﬁ%cé%%ﬁ)ﬁe%%g{&f%éﬁ?ith?ggﬁfgtgte\gég?m%?%%ﬁtt he éeconld ,
osci | | ather pri@Qegitigecaties palsti (yepiesantiind .abléatiiiy edgb)t bacSSRling putsasoareer t ed

to 88.27 MHz. This si 9nal is filtered and further an})l'fi_ed y the first
fi 1Cer / @¥aaGted @nly gt 878 (rRRINGr @GR Mt 9/FEpHARSIEPRh S t‘a?atf'é% SIaRbAAY

receive stereo_audi o_ si S L j
br ocesaig SefuataRyibls Hsthtbat PRlres ot ueRiar Tag by Aok Bt UGbied
i ncl udi @@ehhe chrrier ButdOIRAéxpdctbas gR@thly fhehe temporal neighborhood of the
doubl e- si deband- suppressed-carrier L - R signal at a (suppressed) carrier
f r equendyration3@ Hidzexpattad YRlsddz pilot tone, all in a known manner. This
signal 1 o is then nodulated onto a carrier signal at the assigned
frequency of the FM station. The third oscillator 230 produces a carrier
signal at thpg wsRicvied tmeadiastrafgdeasd60yinvsharitom mn Fige 3,|Hassam atpad
enbodi nent, is 88.2 Miz. The third m xer 220 generates a nodul ated signal
nodid at tatminalrcauted i@ @hstadus OHpRIL tesmin A3 BRI detanterst 4P 8FhPEIRLdI o

signals,as.illustrated in_ Fi .4 I i |, a carrier
f requenW”B‘f‘mB%)."?l‘f\?’—Eo é‘HdeR‘/aqq%‘ FE%’C é?@l'ﬂajrogqg#o(geggg% %@i Jh:elt debands

i |1 ust r afiesodhd tither 450 heorliftt8 dighdisFasnand dBkichi©FD byidtdrabsactid
filter/anplifier 240. This signal is conbined with the SSB nodul at ed

di gi t al dstegat only \whebra earrier guusmisyexifecded 2ndNky fin ghe ttaepfarals t
filter/anplifier 260 to forma conposite signal. This conposite signal,
thus, i ReilghBeshanst ﬁpﬁh%dﬂbatafhﬁgé% ‘B‘r"ﬁ%vd%%gtesgrf%?cgaﬁﬂﬁﬁi ¢ audi o si debands
nodul ated on the carrier at 88.2 M1z, and the SSB nodul ated signal carrying
the digital audio signal centered at 70 kHz above the carrier {EB 27 MHz),
as 29 | ust r at butheillpsated embgdimestpihs erergy gnaheiraodylated sigae!l 81 i fied by

the power. amplifier 2 n ' . RAFE t 0 for

tr aner BUraY bebfppa 4% B L0 Bl ¥ 5B o) e HREA I bR R R e oFy
br oadcaglhehf§ Ha¥e] b4REGAUHASK OSFErivfestHe 1618 2hteTDTHIsAlead | taYin ancrelibipgomdc ast
transmtter illustrated in Fig. 5. In Fig. 6, those elenents which are the

sane asdbtwesteithtaigh thebandwidiy by nineetiowsl | Qtherviarpeessipyheatiose@neangl e

| abel ed "Fig. 3", are designated wi.th the sane. reference, nunbers angd are
not deséppibeachigvadiy ¢h Bﬂ/.tﬁﬁr{aﬁ?é’.f tg,e encoding glog té’n’ih?nﬁ'gr %’%ghi s

coupl ed. ¢t A ] ] ; ; lifier WO
021 05 75 BERNeSer Bl ists i, o Mleh B gHEWRANT ol AErEEAEEL 1 %0t a
first mxer 306. An output termnal of a first oscillator 308 is coupled to
a second inp termnal of.the first mxe An 1 t he
first m xer ?yét%'gu%?sécélbteg ?%%\beeéﬁy\ge ﬁﬂ%@?ﬁetnetp%wgﬁgé%% géﬂﬂggﬁbgt%gl and a
tunabl e BREitAL tharfBitRet R PSR SROAM nbddulBREN technigues in both the

transmitter and receiver. More specifically, in the receiver, after the modulated

signal is extracted, limiting amplifiers (e.g. 130} may be used, which is both less

30 expensive and saves power. Also both the encoding and decoding of the NRZ




5 310 is coupled to an input term nal of an internedi ate frequency (IF)
anplifier 312 which may be a limting anplifier. An output termnal of the
| F anpl i WGe2/@3I® is coupled to an input term nal of an FMABUSEW23B49314. An
output termnal of the FMdetector 314 is coupled to an input term nal of
an FM stereo decoder 316. 1 o In operagion, the RF anplifier 304 receives
and aniphilghaRbesparisirted Voith hagnih8Me FadtNerogriraRTidI8Wyic Heeiddsr (PLDs).
oscillator 308 generates a signal at 98.9 MHz. The conbination of the first
osci | | aduch d6Gicaadre nelativebt inexpensigedcdwenidy ieta § 2 hdn geidtioniAhers is

carrier signal to 10.7 MHz, and the SSB digital,k audio signal from.88, 27 VHz
to 10. 6% !SVFFPP'B@'Fﬁféfi@nﬁﬁé'%éE'So?M%}e‘E‘héog@a‘i%f%msz?p'ﬁ I Not EeaWhal

. Si deba + - 7 in lifier
312" T B pScore; 13 SRR roliked e o, (BRI rekf g )
generates the baseband conposite stereo signal. The FM stereo decoder 316
.dec desﬁthe baseband conposite stereo signal. to enera&e nBr%?johogiFﬁ gnd/or
st ereopiGTRES S i BLG" 80PVt CURE r)anf;&wség'ér?tcl HG® PRY 2%PE PONDGRTeR
audi o Sérgcgabés @k !cohﬂnaengeﬁe ERRRE bit pdtidd)&ehidoial hatESWRIEPR-Y BN Lised he
tunable BPF 1 10 is tuned to a center tfrequency of 10.63 , and passes
only thia the rebiiver go delteatuticeivddyoatrieapalsed driiptat ftiregsieviesn plises lage
illustrated enbodi nent, the passband of the BPF 110 runs from 10.53 MHz to
10. 73 MgRected ComiserHenty. shererasegisrmuitipath preljemoWitstherpresephi ¢ i ng
anpl i fii\zﬁtISO, detector 140, decoder 150 and wi ndow ng timer 160 operates

to extr ®he nodul at ed digital audio signal, and denodul ate and decode
that signal to reproduce the digital audio signal, in the nmanner descri bed

above with reference to Fig., 3. The digital .audi,o si.gnals froamthe decoder
150'%re pr oc@E%&E’Pﬁﬁa‘é\ﬂ” JBBFBT)F?%{]L@"“%% ﬁ%&%g’“‘? 9??3@8“?@?’8&?1’%0 {not shown)
to 30 i i I SSROBHI r ) igi tal audio
si gnal %gﬁwtﬁg/ Qa%%i %'3@%%‘5’2%8- 4] qggg?\l/tg)lﬁghgg:el\tgil?iaﬁa ﬁ?fﬁetaﬁgﬂsi gnal is
depackestereshhomicl beowd aarst anslio signathuc €. duisi agpecansnisgram wsefuldiet ect ed

and corrected. The corrected bit streamis then converted to a stereo audio
si gnal , understanding tisranrlisagien orfh@eerméaiaﬁ@ﬁtte@égm%@HSHsEﬁﬂe'rp'?'eﬁi es the

equi val ent coapressi.on. 5. penfo n of : in

pract i c&"QAM E@s?‘@ " V@tef%l {neté Wteg%QP’(e)lﬁ’ﬁajf%%@%%%%ﬁ?'?ﬁ%ﬁ? culty of
corfgct URGeABtafesANth FiY. 4D ahB HoHRheMTRR! rebRéRINtS I ncgsehdi ng fromthe
tight constellation spacing. The above system has no | SI probl em because of

t he nar rapresards i pletitionsphitieel VLT bared spoieseserel betavaan appioyiroataha®8 r at es
may be transmtted i.n narr r o bandwi dth channels with.ngne of . the

pr obl en¥h&a0¢ PRPEKI AR Vomgrw'%'éctﬁﬂaﬂ'e?fe% HSJEPEseN e i the METIEA K 1o
Fig. 2,40 i ol I " i de
gaps beg!/r\g%él&ga?rﬁﬁ%&mﬁggseﬁ uerhIS‘i?%s %Iséﬁ&ﬁabb?g%vro} Q@agfgﬁgf&?gﬁ tgtr gﬁbﬂﬂ ed.
These gagsilloBiratirl, UEath zatriémisdllgstraticdas @ vehicagirazsent Arowsnt gaoh cdrbieFi g. 7
is a nore detail ed waveform di agram of the CARR signal useful in

undad st aredsidgbands videRcapy Bre broageashsienal AVMaresidriae ot caRieT pr esent

i nvention. As described above, in the encoder 10 illustrated in Fig. 1 an
encodi ng clock signal has a period one-ninth of the bit period of the NRZ
si gnal . Dashbutheetnited| StateesFMrrapiqstationspnay éneaderaidnagophedik asidgnal
F gr: Fﬁagge:n%&qgmgéupfzépg fﬁ#l Fgoﬁyee{{ggdsicliébalnldlsuvsvhmﬂ ?gofmzm 0% Itf:nnea ctarlrie;[r(.) ltnI me t10
Fig. 4a these sidebands are illustrated unhatched. The broadcaster may
broadcast other information in the sidebands from 100 kHz to 200 kHz, but
25  power transmitted in this band must be 30 dB down from full power. These
sidebands are illustrated hatched. Adjacent stations (in the same geographical

area) must be separated by at least 400 kHz.

The upper sideband above the carrier of the lower frequency broadcast

signal in Fig. 4a is illustrated in the spectrum diagram of Fig. 4b. In Fig. 4b, the



cl ock periods in one bit period. However, this bit period is not
necessarily time aligned with the NRZ input signal, and wll nost |ikely be
del ayed wiadr/mvgmpect to the NRZ signal. Permtted tinme | oREVUBHE2HY carri er
pul ses are represented by dashed 25 rectangles. A carrier pulse may occur
either 8, 9 or 10 clock pulses after a preceding one. Thus, carrier pulses
May OCGirtitdl dRFBCtRMErepireédriteemadiiReiRtpertottageer in0Elg. 46arhé eordpmid i s
assunmed to be 8 clock pulses fromthe previous one, carrier })ul se Bis
assurmedudio bignal ¢l ocR ipdtaresnitiednintthe GitedddkHg sideharshat 88fs medyatiee C is

assuned t 10 clock.pul ses.fromth recedi ng _one. 02/ 09379

por sty dosinal 1 ALGS Sinay s raBsnE g dontlersiasband SHoeSEed ock

. pul ses : i , b Spid el iy dge in the
Rz o; GianfiER SaPRRA 59 uBBReccBlysubltpfrier SHpG RIS, 57 BBLL 848987 0 bl se
i nt &r vaholationdpuels eAtlongrrsidetfsmtgsh)vunBefrdiiZ2 Silkgmtq 38rkte, ldhdhvck pul se
.interval (E), representing a leading 5 edge in the NRZ signal. Simlarly

when a uprperisifebandsarsbs raos draid&kiHzde §3 iz nd 19 kEzavileg tone (pay-halh s

i ndi cates trailing.,edge in the NRZ signal,. and _can .onl e i di ately
follo eﬁe%qqpé(rogﬂweggepgw% Icéé”efrif%?@gl'nf@)d,e r'Bptf‘gsélé‘flﬁ ar\‘ﬁiry;aerlogg i ng
edge i dagn 9 I i I ) (Fid. esfNtnhdg no
changerﬁh%hﬁﬁ@%@bgi ?#5139 4&@5&5319‘?&?%@? dglrg):égequﬂsbagﬁc(ﬁ)%k p)ul seish(?r omthe 1
0 pr ecddivey stdeband) (nott il wnidamandstheanaimacareier rfi.¢ hrohiRB3diHmed 108nd can be
i mredi ately followed by either an 8 clock pulse (D), representing a

tr &0 i iglddgeains emMailaipe te; thedroagdcaster e proageas (%d,iw'éqir'@?éﬁﬁtwg #o
h i n the NRZ sianal, 1 ' . ti
Fanoe D e Rrcd hBectindhel b ofo B 00 8 BarBhap g 19 @

appar enfyyshpé 39 dBfoWwhRosNaMdbs\ek! ock 15 periods in an NRZ bit period, a
first interval of the bit period, consisting of one of three adjacent clock

periods (t1l-t4), can potentially contain a carrier pulse, while a second
(nterval, CO3ShgthBinBhplRfbrteRBhiciciIGsREted R FRES 1(ddi bl Absortiyol have a
carrier pul se. ring the interval when no carrier pulses may be produced
in the AR, 201 2Bd IRt pdr-sddhnd (Koipsf siymal | ¢aTtginiag anneP3bEDnmdilitat ed on
the carrier signal. This is illustrated in Fig. 7 as a rounded rectangle

(AU% Drawdiowignaly evayi kalengadediang. rasypistad irea faadyvigeh lesgsthan 2P kHgach, a

fi er .the | i al ' | O ' i d
second bupaieteiaiie dond doaluerieted infieBats hebPeBn it BB B e nex:
bi t periigdisiid QBPE} BiebBh (EdexathSleMBnOpamaitied B8 Bl sxRrdsr §ighant i al

interference between the carrier pulses (A) - (F) carrying the digital

audi o salgnglwiindhe reguolar hireadcasd startsiooaudidSIomATAY ilbsstrateddn Fis 4luxilni ary
data. FLg. is a, hlqck diagram of a mhodi nent of the present [nvention
whi ch ciB- ﬂﬁpﬁ'éﬁgﬂﬂ'fﬁr?él 0. i thst SSELSIBNa) JexatPed %Q%C?R}&[ﬁ‘%%?%
encyded t r F Qi I t [ t hose
TG TG e Fogh Bpbt Srinfrtoly BORER (B0ATTER SpRal AWRAITIZ and
are not ke et rhdedainrcatdibAiahd, thW(e, Iday bX3A9sRiEled AGEU BaBet9 15 bel ow. In
Fig. 8, a source (not shown) of auxiliary data (AUX) is coupled to an input
termnal of a first-in-first-out (FIFO buffer 402. An output term nal of
the FIFO bufrfigr 54@% bfockodiRgfstdt gh iV Bfodditlaat krapdmitter dbapofting an

mul tipl exer 404. An output termnal of the multiplexer 404 is coupled to an
i nput tiermantkbneathanine! Bigitatérardmisgine ahanpet implenmented afcconding deethedet ect or
25 is coupled to a,second data |nput term nal of the, nultijnplexer. 404. A
Limi ng BOCBIATANLIANMAUS Aeprbeshabos Wit 1< ek tiFiss- 4 HBANIRIS-i Rbut

t errd nat. of j : i I erRof BENY  arkhe

auxTTi air:'g' géEtQS%%“SLégw 8+§’X§[shs"ﬂ?ré[je JEH(;é %ﬂfnééc%%ieﬁ |}l§%rt o di rFéT@,[ ?yarﬁodul ate
the cargh@lbsad gnaldashed reictangld laeled € Fry.t1'Widre designatde nsitlanie samet o

encode and/or otherw se prepare a signal to nodulate_a carrier in a nmanner
nost apreferenicgtrumbershand ifae a0t sleseribed infetaibbelomgndihe gambidations then t he

illustrated dipent. ..th i]i i gn ' '

i gi t ol oPEI o QeLeniott AL deupetebRhTaR MR SR FRUIY A PE A oy
al so beganyHepARE & S phdse bNfRRBEAEY PoddiBRE8igRdR(CARRIgTatigdes internal
timng circuitry (not shown)

30 representing a digital input signal (NRZ of Fig. 2), all as described above with



which controls the relative timng of the pulses. This timng circuitry may
be nodified in a manner understood by one skilled in the art to generate a
signal hwWOeg9ardfirst state during the three adjacent encBdl’/b§oigzsk
periods, t1-t4, when pul ses may potentially occur in the CARR signal, and a
second state during the 20 remai ning @dcodi ng cl ock periods, t4-t10. This
si gnal reRYefce Y6 #igd.01 @aatz.0l Ahritput terphinXkeof 4ABPP BipLeuplbe toudmput

term nal of the level detector 25 to the input termnal of the mxer 30
duri ng inpe teeminalsef dreamplifier 60, Ameutpull tasmimalyofotheuamalitier 60dsupl e t he

Do g SRR st B RN o Akt kS 20 20 A5l b
rin ; -4, term

. det ec‘g%uﬁﬁed?o ARLRE ihBut P&E{lh' 385f He sbdshE kel 00T AR icdpd: teipdiRalt he
configuration |PI ustrat eg In Fig. é and operates as’ escri%ed above in

det gi | .of Rheigegohbiempari 270 dddpléd Qotart implut Germipal bf to) finsto ditter laenBliffed buf f er
-402 is coupled to the m xer 30 (taking into _account the guard bands
(err)t)26Q.h&rdautpytrterming ofthe fisat filker/aomwlifien A6 isscounded 4pra Brstdngrtl

fromthe oscilgat ar 40, Tge 302536 FO buffer 402 operates to receive the

di gi t al'®H0E PLASPRRLCANGING 2805 constant WD 02/ 09379 PCT/ LISOL/ 228~9
16 bit rate, and buffer the signal during the tine periods (t1 - t4) when
carrier pulses (A - (C. may be produced. The F| FO buffer 4Q2 then provides
the stored mpuﬂawyt%mlaa'tqf@h@%ﬁ%@é?%@e%n%%ﬂ%@%%&om S bit rate
during th i I .0t (t ot . wh ata is
o be Panidd BT abffet b ferhidalof £y mixeh aROpRIPLBGHEAIAb! 220 R0,

t hreugtdupfedCARR sdcomdl inBUs teriMihahot i BSIRS hilkér DRD. tAK igbptiteredinad | i ary
data fromthe auxiliary data signal source (not shown). One skilled in the

art wi [thedhttdrstxand22ie couplad dh arhimpuirteuyinalios a sanend Bigeramplibepr ovi de
for ov ns, and_ underruns, | in a mapner .0 Fi is a block
di agrareﬁzglf{ 23"1 autp e?ermﬁl?fgbﬁ %&8@#&@9%2@“8F@Wa?“ér'ﬁ&&&@b‘adg‘;? fhe system
illustr 110 I Pei | ergnt ' FitAVDFSIRBE as

t hose i }cgggrlg?lg%g?rgﬁﬂﬁg& g‘eg?'gﬁgleéﬁgﬁg}eg wtﬁwgt@r}gr@& er e?\@e nunber
and ar asigvid] atesbineb@50 13 cripled tbanoiwput nefmigal 8f atgreveuamptifiee2fOnal  of
the detector 140 is coupled to an input termnal of a controllable swtch
4085 Awbichiisqiouniephie a Bansmitingrantpena&fG-ol | abl e switch 406 is coupl ed
to the input termnal of the decoder 150. A second output term nal of the
controllable switch 406 is coupled to an input termnal of a FIFO 408. An
out put ter nminaiperftiohettd @8 10 oeleriess vhdighalxsiphal iepdesent(nakle The
output termnal. of the wi ndowi ng timer 160 is coupled, n 0 _an _enabpl e
Chput | SR BdigEignal B eielpHed raBbciiey this o g Mhak edpiEh
cont r ol 41 erda nal I 2SI . L&Yy the
et et SR8 S Bord e e e e

wi ndowi greprtdaresctidid (REC Y esqutedisusingtehBeéd8aigmengiRe) apeleer had thy FEGe
encoder 10 in Fig. 8 The wi ndow ng_signal has a first state during the 25
perZCod qncpded)datResireain is @ackelizass ~ This pagketzgddatatiefoenicoyriesssd bxnd a

oul ses PRI | B SRR Rl ook in R 8BV b o
the controllable swtch 406 to couple the detector 140 to the decoder 150.
-(!1_2 | Zeggpr ngﬁ'g%%)r\%%uipﬁc{jgﬁgyp?s%nglOprggact:e(ij Iblyut teroastceuIfjatiop 4'(:)i i%'se?éct%gqtoot?éa rates
10.7 MHz, so the digital information from the encoder 10 is modulated around a
center frequency of 10.7 MHz. The modulation frequency may be any
25 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,
and the BPF 50 is implemented as one of the existing 10.7 MHz filters. The

30 filtered SSB signal from the BPF 50 is amplified by amplifier 60 and up-converted
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(t4-t10), the detector 140 is coupled to the FIFO 408. During this period,
t he nmodunas @daasxi | iary data is denodul ated and suppli ed PCTURE/RE8PO 408.
I'n a correspondi ng manner to the FIFO 402 (of Fig. 8), the FIFO 408
receives the auxiliary data bursts framthe 5 detector 140, and generates
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data bit péeri I ng e digi ata signal using a code having
edges occurring in an interval wthin the data bit period; generating

.respective | ses representing, the edges of encoded dj gif 3| ta
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si gnal dhayi | | ' enE6SRA%Y tyGoRulwes during
the i nt%déﬂgogﬁgsmuﬂtgﬁqﬁﬁﬁ% E@éggﬁﬁl :ag?él&galibznsi gnalpot hgrwi se. 2. The
nmodul athasgbart omhpesite diengo tstgnal aincluding ltkhe dct-eRisighliat hdseband, tiee code
is a variable operture pulse width code. 3. A djgital daSa npdul at or,

char actdswibiegidapand-sipregsed-egrrist Lo Bisignaliat fatsiirerenssed! K308y a data bit
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Dol so e et aa R pnt LA IERORAG, 1o, b P knbBLAnHRhEE, TiebiaRdl e
bi tgperis @fen FndeliIafed bafRh GRAET §hARI d2fhe 2RbigneenREqismey bESREEM ve pul ses

representing the edges of the encoded digital data signal; a source (AUX)
of an aatibharfhaltiied ssgilatar 23@ prodecessa gadiergriaralatothe( 33igd) f or

generating a carrier signal, (OJT) 25 havin arrier pulse rr onding to
the redpeadead WaauRRCHIMICRy ‘?‘Iﬂ;ei 'ﬁ%’%trr%ﬂd, g@ﬁﬂd%‘iﬂﬁ' at g@'gﬁﬁﬁei@% liary
data si I ' e 4 ' : B4 d n that
t he m&ﬁpgtrgﬁzé}ﬁérmér ngﬁa§5§§5@g8 gkgég{j % i'%ﬁxngéakl%% %@ﬁ\g a&%ﬁ st data
i nput  t@MpOsite GROHD RO ahtistd@aptionic audioadigyssarsatlostra@, in2B), 4b.second
data input term nal coupled to the )
16  The modulated signal, at a carrier frequency of 88.2 MHz and with the standard
broadcast audio sidebands illustrated in Fig. 4b, is then filtered and ampilified by
the second filter/amplifier 240. This signal is combined with the SSB modulated
digital signal at a center frequency of 88.27 MHz from the first filter/amplifier
260 to form a composite signal. This composite signal, thus, includes both the
20 standard broadcast stereophonic audio sidebands modulated on the 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.

25 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

30 302 is coupled to an RF amplifier 304. An output terminal of the RF amplifier



auxi liary data signal source (AUX) and an output term nal coupled to the
carrier signal generator (30, 40), and conditioned to couple the pul se
signal gewmerabsw WO 02/ 09379 PCT/ LI S(I11/228~9 19 (20, 28T/USUBBIcarri er
signal generator (30, 40) during the first interval, and to couple the
auxiliary data signal source (AUX) toighe carrier signal generator (30, 40)

ot her W4, iPcSupléf o Hirdtahplt @érnsinal BT 4 firdt MIgér 808! akh&jutpad téryniaal
first-in-first-out (FIFO buffer (4021 coupled between the auxiliary data

sour ce ofral fitsteosuillatop3&Eeis ¢oLiMed 16.a Feroncbitpuatermionl of dhenfBstcmixeict eri zed
in that the variable puls o wdth code_is .a variable aperture code. 7.
The modf&t 40 BPtR!-ftatieﬁ'inﬁ‘fg fért'b?@tféﬁsit FRiyef ﬁozHétqouﬂHeéPé%é%%éerCttvel'B?Ugener at es
an enc digi tal | I ' eph N idfiihg gistoes; 15
he pulEEL e & R e B i o 8 B onse
to keadd 10 i$deesietntot ¢ irhi gl teahirtilic & pnedimedidtereatieney [HIR) sesplifierr esponse
.to trailing edges in the digital data signal; and the carrier signal

gener at3t2 V@aich403y dena lintitieg amplifidrer Apiuspuhtarmigalzof thestF amadder n
response, 1o a positive pul se and havin econd se,in res a 20
negati vl s gnglg_d EPngn mﬂlt&f@ﬂn%f‘)fcqrgrﬁl éetﬁ?ﬁ?ragﬁ] riéB&qtRUFﬁ%ﬁ%F%g first
phase i fPdLdegtdry dh ipuPhRsEnal dfhart PRI 88GRD@dRRARE. 25
9. The orsrfolz‘llﬁbgtor fg?jtc%:rl %?%qiggggfr%gﬁde)rflz@%ul n that the pul se signal

gener at®reconprises: a differentiator (20), coupled to the encoder; and a

| evel detector (25), coupled to the differentiator. 30 10. The nodul at or of
claim3 characterized in that the carrier signal generator conprises: a

carpl er oscijnl siatibA0the RFmplifier 304 receives and amplifies RF signals from
the receiving antenna 304. The first oscillator 308 generates a signal at 98.9
MHz. The combination of the first oscillator 308 and the first mixer 306 down-
converts the 88.2 MHz main carrier signal to 10.7 MHz, and the SSB digital
audio signal from 88.27 MHz to 10.63 MHz. The BPF 310 passes only the 53
16  kHz of FM stereo signal sidebands (L +R and L-R) around 10.7 MHz in a known
manner. The IF amplifier 312 amplifies this signal and provides it to an FM
detector 314 which generates the baseband composite stereo signal. The FM
stereo decoder 316 decodes the baseband composite stereo signal to generate
monophonic and/or stereophonic audio signals (not shown) representing the

20 transmitted audio 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 20 kHz digital audio signal around
that frequency. In the illustrated embodiment, the passband of the BPF 110 runs
from 10.53 MHz to 10.73 MHz. The combination of the BPF 110, integrator

25 120, 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
are processed in an appropriate manner by further circuitry (not shown) to

30 generate audio signals corresponding to the transmitted digital audio signal.




WO 02/ 09379 PCT/ U S011228-49 20 a m xer (30), having a first input term nal
coupled to the pul se signal generator (20, 25) and a second i nput term nal
coupl ed w3 warrier oscillator (40). 5 1 1. The nodul aPGF/UBH1/228&i m 10
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aperture code. 30 16. The denodul ator of claim 12 characterized in that the

carri ersynkl seAMve one of a first phase and a second phase. WO 021 (19379
21 PCT/USI |1 /2289

Referring back to Fig. 2, in the CARR signal, it may be seen that there are
relatively wide gaps between carrier pulses during which no carrier signal is
transmitted. These gaps may be utilized in according to the present invention.

15  Fig. 7 is a more detailed waveform diagram of the CARR signal useful in
understanding the operation of a modulator in accordance with the present
invention. As described above, in the encoder 10 illustrated in Fig. 1 an
encoding clock signal has a period one-ninth of the bit period of the NRZ signal.
Dashed vertical lines in Fig. 7 represent encoding clock signal periods. In Fig. 7,

20 a bit period is illustrated from time t1 to time t10 to illustrate that there are nine
clock periods in one bit period. However, this bit period is not necessarily time
aligned with the NRZ input signal, and will most likely be delayed with respect to
the NRZ signal.

Permitted time locations of carrier pulses are represented by dashed
25 rectangles. A carrier 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 puises from the previous 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.
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)- 25 potential interference between the carrier pulses (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 Fig. 8, those elements which are the same as those illustrated in Fig.

30 1 are designated by the same reference number and are not described in detail
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| I'! sdEViKI®er 30. The output terminal of the level detector 25 is coupled to a second
| data input terminal of the multiplexer 404. A timing 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 is assumed to be in
condition to directly modulate the carrier signal. One skilled in the art will
10 understand how to encode and/or otherwise prepare a signal to modulate a
carrier in a 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.

15 in operation, the encoder 10 includes internal timing circuitry (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-t4, when
pulses may potentiaily occur in the CARR signal, and a second state during the

20 remaining encoding clock periods, t4-t10. This signal may be used to control the
multiplexer 404 to couple the output terminal of the level detector 25 to the
input terminal of the mixer 30 during the periods, A t1-t4, when pulses may
occur and to couple the output terminal of the FIFO buffer 402 to the mixer 30
otherwise, At4-t10. During the periods, At1-t4, when the output terminal of

25 the level detector 25 is coupled to the mixer 30, the circuit of Fig. 8 is in the

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

During the periods {t4 + Attot10 - At) when the FIFO buffer 402 is
coupled to the mixer 30 (taking into account the guard bands At), the data from
the FIFO buffer 402 modulates the carrier signa! from the oscillator 40. The

30 FIFO buffer 402 operates to receive the digital auxiliary data signal at a constant
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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

manner.

10 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
the detector 140 is coupled to an input terminal of a controllable switch 406. A

15  first output terminal of the controllable switch 406 is coupled to the input
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
windowing timer 160 is coupled, not to an enable input terminal of the detector

20 140, as in Fig. 3, but instead to a contro! input terminal of the controllable
switch 406.

In operation, the detector 140 in Fig. 9 is always enabled. The windowing
signal from the windowing timer 180 corresponds to the timing signal generated
by the encoder 10 in Fig. 8. The windowing signal has a first state during the

25 period (t1-t4) when carrier pulses (A)-(C) could potentially occur, and a second
state otherwise (t4-t10). During the period (t1-t4) when carrier pulses (A)-(C)
could potentially occur the windowing timer 160 conditions the controliable
switch 406 to couple the detector 140 to the decoder 150. This configuration is

identical to that iliustrated in Fig. 3, and operates as described above in detail.
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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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data signal;
providing an auxiliary data signal; and
10 generating a carrier signal having carrier pulses corresponding to the

respective pulses during the interval, and modulated by the auxiliary data signal

otherwise.

2. The modulating method according to claim 1, characterized in that

15 the code is a variable operture pulse width code.

3. A digital data modulator, characterized by:

a source (IN) of a digital data signal having a data bit period;

an encoder (10), for encoding the digital data using a variable pulse width
20 code having edges occurring in an interval within the data bit period;

a pulse signal generator (20, 25), generating respective pulses

representing the edges of the encoded digital data signal;

a source (AUX) of an auxiliary data signal;

a carrier signal generator (30, 40) for generating a carrier signal (OUT)
25 having carrier pulses corresponding to the respective pulses during the interval,

and modulated by the auxiliary data signal otherwise.

4. The modulator of claim 3 characterized in that the modulator further
comprises a multiplexer (404}, having a first data input terminal coupled to the
30 pulse signal generator (20, 25), a second data input terminal coupled to the
auxiliary data signal source (AUX) and an output terminal coupled to the carrier

signal generator (30, 40), and conditioned to couple the pulse signal generator




10! $109%& () - !'8Y$10%& ()- 10 10
105#10%& () - L3@10%& ()- 110%& ()-ttv vwxW}[9_=
10! 6" SEYM@URI0IM! |~ @A0YR ()-! 1 @A0%R ()-LYA0%R& ()-!\ LYROMES(1)22$00%&' () -
WzC{+|||}|~||]zodY: 10!L&0%& ()- 10 10
10sS5%40%&' ()-!\sS59%d0%&' ()-!k S&A0%gQ& ()-!k S&MAOY%& ()-|]|}6~~~aBdY:
10! ff 3(9%&2@8 ?6|t1=1@‘)/§ar\(|ér sigh@PGeheratdd%@, 4D dubn l\‘é"/ﬁrsﬁ)lntdr&é]‘y@nﬂ)tohpdEdY
10! sS) Y4 0%& ()-"f#10%& ()-& FEYA0%& ()- SHI10%& ()-' #10%& ()-
10%&' () cdphaBtive am@ihﬁn;oemta( 3ignaBsaoeg (HUX]) vcoﬂmowle(r)smnalm&r@or (3009 () -
1109 )- "obC 10! 10% & ()-910% & ()- 10 10 10;9%40%& ()- 9M 109%& () -
@ #1090 9thegyviSeBbC 10! f 109 & () -f @10% & ()-f3! 10% & () -fy#10% & () -
#1095 & ()- 1 ff@10% " & ()- kF{dEbC 10!y) T10% & ()-9' "10% & ()-y
SHI0W & ()-9F"10% & ()-f f#10% & () - &&F"10% & () - #r UWKAYNC 10!
5 5. The modulator of claim 4 further characterized by a first-in-first-out

(FIFO) buffer {402) coupled between the auxiliary data source and the
mulitiplexer (404).

6. The modulator of claim 3 characterized in that the variable pulse

10  width code is a variable aperture code.

7. The modulator of claim 3 characterized in that:
the encoder (10) generates an encoded digital data signal having leading
edges and trailing edges;

15 the pulse signal generator {20, 25) generates positive pulses in response
to leading edges in the digital data signal and negative pulses in response to
trailing edges in the digital data signal; and

the carrier signal generator (30, 40) 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.

8. The modulator of claim 7 characterized in that the first phase is

substantially 180 degrees out of phase with the second phase.

25 9. The modulator of claim 3 characterized in that the pulse signal
generator comprises:
a differentiator (20), coupled to the encoder; and

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

30 10. The modulator of claim 3 characterized in that the carrier signal
generator comprises:

a carrier oscillator (40); and
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12. A digital data demodulator, characterized by:
a source (IN) of a modulated signal including successive bit periods, each having
10  a first interval containing a carrier pulse, spaced relative to other carrier pulses,
to represent a variable pulse width encoded digital data signal; and a second
interval during which the carrier is modulated with an auxiliary data signal;
a detector (140) for demodulating the modulated signal to generate a
variable pulse width encoded signal in response to received carrier pulses during
165  the first interval, and an auxiliary data signal during the second interval; and;
a decoder (150) for decoding the variable pulse width encoded signal to

generate the digital data signal (OUT).

13. The demodulator of claim 12 further characterized by a controllable
20 switch (408) having an input terminal coupled to the detector (140), a first
output terminal coupled to the decoder (150), and a third output terminal, and
conditioned to produce the variable pulse width encoded signal at the first output

terminal, and the auxiliary data signal at the second output terminal.

14. The demodulator of claim 13 further characterized by a first-in-first-

25  out buffer (408) coupled to the second output terminal.

15. The demodulator of claim 12 characterized in that the variable pulse

width code is a variable aperture code.

30 16. The demodulator of claim 12 characterized in that the carrier pulses

have one of a first phase and a second phase.
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a bandpass filter (110);

an integrator {(120); and

a limiting amplifier (130).

10

19. The demodulator of claim 12 further characterized by:

a windowing timer (160), coupled between the detector {140) and the
controllable switch (406), for generating a windowing signal having a first state
during the first interval and a second state during the second interval; and

15 wherein:
the controllable switch (406) selectively couples the detector (140) to the

decoder (150) during the first interval and the detector to the second output

terminal during the second interval in response to the windowing signal.



