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provides a 5 high data rate signal, and an auxiliary data signal through a
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techniques require a high level of channel linearity in order to operate properly.

Consequently, extensive signal processing must be performed for carrier

15  tracking, symbol recovery, interpolation and signal shaping. Second, such
techniques are sensitive to multipath effects. These effects need to be
compensated for in the receiver. Third, these systems often require bandwidths
beyond those available in some applications (for example in-band on-channel

broadcast FM subcarrier service) for the desired data rates.

20 It is also desirable to provide for several data signals through a channel.
Some modulation techniques utilize the channel completely, while others leave
some aspect of the channel unused. Frequency domain multiplexing and time
domain multiplexing are two techniques for sharing a channel among a plurality
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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auxiliary data signal. A detector demodulates the modulated signal to generate a
variable pulse width encoded signal in response to received carrier pulses during
the first interval, and an auxiliary data signal during the second interval. A
16 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 interference, 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. 3 is a block diagramof a receiver which can receive a signal

nodul ated as illustrated in Fig. 1; Fig. 4 is a spectrum di agram useful in
under st amdd ngowm appl i cati on of the nodul ati on techni quePCTAUSE284%d i n
Figs. 1 and 2; 5 Fig. 5 is a block diagramof an FM broadcast transmtter
i ncorporating an in-band-on-channel di3gital transm ssion channel

i mpl ement ed br&d.g) i bebloabdidgbmoof & eeteiveuerhich cahrateideiansiphgls. 1 and 2;
Fig. 6 is a block diagramof an FM broadcast receiver which can receive a
si gnal %@ﬂ”'ﬁﬁe@da%vlﬁgfﬂwwgﬁj&ist transnitter illustrated in Fig. 5; 10
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an input termnal of an enco n output’ 20 terminal of the encoder 10
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secihd i npuﬁ:'g{'g}r i ﬁavlva}ﬁ%cirﬂ]eg'ﬁp%é? L@S%&Aﬂ u&ﬁjtséﬁ n @grﬁl}?a?p%rﬁﬁf)ﬂe‘)frﬁ xer 30
I's couplneshiiftotIn Ak coPdaticd RNitH fdhcifles dfRBdRasent infvbAtiohBPF) 50. An out put
termnal of the BPF 50 is coupled to an output term nal OUT, which
generates a Mgl & edleclgdiEgramepi @ seodulapridoeoddiggttal préngiples oftthehe i nput
termnal IN Fig. 2 is a waveformdi agram useful in understanding the
oper at | GREENTIREEN Y HHul ator illustrated in Fig. 1. Fig. 2 is not drawn to

scale in ord tQ;mr | ve L | t ; : he
illustrated Er%o%fér:gn ogl?ﬁgégglggll fa'JT) ré‘#%‘ﬁ%%'émgawgg&% the Su%at'
15 produced by the modulator illustrated in Fig. 8, according to the present

invention.

Fig. 1 is a block diagram of a modulator for generating a high data rate,
narrow band signal. In Fig. 1, an input terminal IN receives a digital signal. The
input terminal IN is coupled to an input terminal of an encoder 10. An output

20 terminal of the encoder 10 is coupled to an input terminal of a differentiator 20.
An output terminal of the differentiator 20 is coupled to an input terminal of a
level detector 25. An output terminal of the level detector 25 is coupled to a
first input terminal of a mixer 30. A local oscillator 40 is coupled to a second
input terminal of the mixer 30. An output terminal of the mixer 30 is coupled to

25 an input terminal of a bandpass filter (BPF) 50. An output terminal of the BPF 50
is coupled to an output terminal OUT, which generates a modulated signal

representing the digital signal at the input terminal IN.

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



WO 02/ 09379 PCT/ US01/ 22849 4 at the input terminal INis a bilevel signal
in non-return-to-zero (NRZ) format. This signal is illustrated as the top
wavef or mweotigr9 2. The NRZ signal carries successive biPeT/UsS@cd2849ast i ng
for a predeterm ned period called the bit period, shown by dashed lines in
the NRZ signal, and having a corresponding frequency 5 called the bit rate.

The | evat ti9d indie DIRAISAIINGE o BIRAVRS 8ifnal i AokMaktenab-2dat(NHZ) forrmbt. in a
known manner. The encoder 10 operates to encode the NRZ signal using a
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si gnal . allin gHenayoveanger | bhe @npadeni Ognsratast tooencadesthendBdi signall weikg 15
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previ ous transition. he NRZ signal transitions ogi c

| evel t detnil inginternktiohalvBatena AgplieaiphiRCIT USIHOE301 dvhE€hendad®tbiangnal 10
encodi ng cl ock cycl es éM + 1%_ from 20 the previous_transition. Wien the NRZ
si ghal  HlsssMageh i lank999 odn thigrateat applicatian. a5y NBZsigralis\pbaspencaged

val ue, rkfm ransiti is made in the encoded signal nine encoding clock
cycl es F foolrr(r)l\'?]ﬁé ']I-hggﬁe't'r ansition. The variable aperture coded signal

(VAC) is illustrated as the second waveformin Fig. 2. The variable
cpert e Co0egoRNBllYAClad Reth HEBH R RIE 0k ad A RO 01 2
o FIRSL 1 acoRhes Ly B 8F AERISMISE T 1 oholg 4USGHAC,
and trthd NRY siggal.t iratse Bbovesnprdthned pegat applcatiory thel aeedirgd tldack a
knoy\g"l n?unnnsegf a rate M which is nine times the bit rate. When the NRZ signal
transitions from a logic '1' level to a logic '0' level, a transition is made in the
encoded signal eight encoding clock cycles (M-1) from the previous transition.
When the NRZ signal transitions from a logic '0' level to a logic '1' level, a
transition is made in the encoded signal 10 encoding clock cycles (M + 1) from
20 the previous transition. When the NRZ signal does not transition, that is if |
successive bits have the same value, then a transition is made in the encoded
signal nine encoding clock cycles (M) from the last transition. The variable

aperture coded signal (VAC) is illustrated as the second waveform in Fig. 2.

The variable aperture coded signal (VAC) is differentiated 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.



The differentiated VAC signal a l4c is illustrated as the third signal in
Figure 2. WD 02/09379 PCT/ US01/ 22849 5 The a VAC signal is |evel detected
by the | aveb2/asrect or 25 to generate a series of tril evel PODUSER2B4VI NQ
constant anplitudes. Wen the differentiated VAC signal a VAC has a val ue
greater than a positive threshold valwe, a |level signal is generated having
a high_val ggqonvhen it has a value | ess than a negative threshold 5 val ue,
a levelThg isignpl i femeb gerraipd dYatheolhvehdeiecten Aarti ganeratenasetesent er
value, all ifi a known manner. The | evel signal is shown as the fourth

si gnal of(tkildEl buldbshhalving -cohBfark Bvimblitidas al whed uhatffferort@fted &/ Agi gnal  from
the local oscillator 40 rn the m xer 30. A positive pul se produces a pul se
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are preferably substantially 180 degrees out of phase. This carrier signal
pul se igeneraieer dligg subigharaliel Wieornthesdi vajue llesskthamea inedativadghreshdld n t he
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so that,prefar ﬁﬁﬂn@%d fitHnetO THECEES! Qipnhlhﬁ dHGA, aQShk! ot si@hﬁl”a' can
occur durifg the carrier signal pulse finme period. In Fig. 2, the carrier

si gnal (OPRELj & Fig.l2ustrated as the bottom waveformin 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 generpiLOEVRLISSRAMEHIAtdR0S chiié AGnAX &% IHeMBeaP¥s&RStor 10 in
represented by a " + ", and the phase of carrier pulses generated in

r espongbetroixee.i vepgsiting pulldéEprasiuicessa pslseafrasdat signbl/havihg'a firskhe " + "
and " " represent only substantially 180 degree, phase differences and are
not' Oi ntREYigedap ares%é\é%pu%ypras%@ BPIpR 9k Carfify ignalsIAving @e3econdt al |

"out - of d? AL C L i he
Laut SRR Bk SRR ael oA Zheth Al 180 dfoiy he
si debard.phlze. oUhigWarsie o Bighablisk e préfeeaBiPFsubSiari iy, oneé cading clock
si ngl e-si de-band (SSB) phase or frequency nodul ated signal representing the
NRZ period long, and in the illustrated embodiment, has a duration of substantially 1/9
of the NRZ bit period. The frequency of the local oscillator 40 signal is selected
15  so that preferably at least 10 cycles of the local oscillator signal can occur during
the carrier signal pulse time period. In Fig. 2, the carrier signal CARR is
illustrated as the bottom waveform in which the carrier signal is represented by
vertical hatching within respective rectangular envelopes. In the CARR signal
illustrated in Fig. 2, the phase of carrier pulses generated in response to positive-
20 going LEVEL pulses is represented by a " +", and the phase of carrier pulses
generated in response to negative-going LEVEL pulses is represented by a "-".

The "+ " and "_" represent only substantially 180 degree phase differences and

are not intended to represent any absolute phase.

The BPF 50 filters out all "out-of-band" Fourier components in the CARR
25 signal, as well as the carrier component itself and one of the sidebands, leaving
only a single sideband. The output signal OUT from the BPF 50, thus, is a
single-side-band (SSB) phase or frequency modulated signal representing the NRZ
data signal at the input terminal IN. This signal may be transmitted to a receiver

by any of the many known transmission techniques.



data signal at the input termnal IN This signal may be transmtted to a
receiver by any of the many known transm ssion techni ques. WO 02/09379
PCT/ USO1MQ82@3@ Fig. 3 is a block diagram of a recei ver P@hiuStL/x2849 r ecei ve
a signal nodul ated by the nodulator illustrated in Figs. 1 and 2. In Fig.

3, an input termnal INis coupled togsa source of a signal nodul ated as

descri bed abppge 3wistdblockRidia of @ feic@frer lvRiRH chn @iV Aigigrmnal INis
coupled to aninput terminal 5 of a BPF 110. An output termnal of the BPF

1 10 i smedupdted hyothenmiodpletot dlusinased irofigsn 1i avd@r abolrigl 30 .anAimpatit put
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the nodul ated signal at the input termnal IN and is coupled to an output

t er mi na®f aimtegratosJexlat Aonoutpiié tePrinel of the integrajor 186 isosouried teiagnal s,
passing only the dyl at.ed SSB.si , described above.. The.integrator 120
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di T fereghpafier 130 i %fou'éle%t tokan iHA\ terihdll 5t% 88RIdtbt §8013RnI &bl Cts the
anplitude of the signal fromthe integrator 120 to a constant anplitude.
The si gieamirialaf theeddteotdri TP éapbupledrtoldVinpuarteasp@nhd$ at dedduercldg0.i er

pul se signal CARR illustrated in Fig. 2. The detector 140 is either an FM
di §€r i Mifhawput sermingheisthe degader| B'g%r?ﬂ’f@lg}‘cﬁ%éhe NRaelgpglrepresentedihe Fv
or PM u ti | e I ' t . 140
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transi togms represented by the phase and tim ngs of those pul ses. The
output of the detector 140 is the variable bit wdth signal corresponding
to the VAC signal in Fig. 2. The decoder 150 perforns the inverse

e ot 1 SHIEAED 8Pe(ofo el Sut S oAbl gkl opel g R mnel
above maodutated S$ESsighat, eddscaipptiabaivieonTi&REAegrator 120 reverses the 90
15 degree phase shift which is introduced by the differentiator 20 (of Fig. 1). The
limiting amplifier 130 restricts the amplitude of the signal from the integrator
120 to a constant amplitude. The signal from the limiting amplifier 130
corresponds to the carrier pulse signal CARR illustrated in Fig. 2. The detector
140 is either an FM discriminator, or a phase-locked loop (PLL) used to demodul-
20 ate the FM or PM modulated, respectively, carrier pulse signals. The detector
140 detects the carrier pulses and generates a bilevel signal having transitions
represented by the phase and timings of those pulses. The output of the
detector 140 is the variable bit width signal corresponding to the VAC signal in
Fig. 2. The decoder 150 performs the inverse 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



88, 945) describes a decoder 150 which may be used in Fig. 3. The NRZ signal
at the output termnal OUT is then processed by utilization circuitry (not
shown). Becawues7e he carrier pulses (signal CARR in Fig. 2pCDuUsur22849 wel l
defined 30 tines with respect to each other, and because those pul ses are
limted in WD 02/ 09379 PCT/USO1/ 22849 7 duration, it is possible to enable
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the illustrated enbodi ment, as described in detail above, each pulse has a
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duration of the expected pulse. A wndowing timer, illustrated as 160 in
phant onthenprieicgding), cdraisr anlsen@epres&ﬁtmgrarﬂeadﬂngo&):tgﬂ)edud:@eedlsg puilsssareput
terminal of the det eét/ 140 a(g an output termnal coupled to an enable
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pul se is éex ed an ora ner ghborho ration of
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energy in the nodulated signal lies primarily between 0.44 (8/18) and 0.55

(10/ 18) duration efhthepexpecied pudsel conse- quently has a bandwi dth of 0.11
times the bit rate. This results in increasing the data rate through the
bandw dth by nine tinmes. OQther conpression ratios are easily achieved by
changi ng t heAnatridovaihgttiraeerittoskiraigdcdsot B8Otin gHaatdimt inrEige 3, \Waktan input

15  terminal coupled to a status output terminal of the detector 140 and an output
terminal coupled to an enable input terminal of the detector 140. The
windowing timer 160 monitors signals from the detector 140 and enables the
detector only when a carrier pulse is expected and only in the temporal

neighborhood of the duration of that pulse, as described above.

20 In the illustrated embodiment, the energy in the modulated signal lies
primarily between 0.44 (8/18) and 0.55 (10/18) times the bit rate, and conse-
guently has a bandwidth of 0.11 times the bit rate. This results in increasing the
data rate through the bandwidth by nine times. Other compression 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 described above may be implemented with less sophisticated
circuitry than either M-ary PSK or QAM modulation techniques 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



25 trade-offs and constraints one skilled in the art would readily

appreci ate. The system descri bed above may be inplenmented with | ess

sophi sti omdero93ed rcuitry than either Mary PSK or QAM nodeCRUS@IR284Chni ques
in both the transmitter and receiver. Mre specifically, in the receiver,
after the nodulated signal is extracted, limting anplifiers (e.g. 130)
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encodi ng and decodi ng of the NRZ WO 02/ 09379 PCT/ US01/ 22849 8 signal may
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cl ock recovery Toop. ecau escribe ove, carrier transm ssion
occurs only at bit boundaries and does not continue for the entire bit

period, 4 enparal w ndaw may be .used in the receiver to tect, r.ecei ved
Car T er BRLSE o ARG Hodv S anshls iR aefifd Bl eDREBERBHATSE L her e
are no_ 8l o8 o ReRh8or thElenlkie bR SR, teRiorSMvindo Wiy Mepldecatden for
t he nodul ati on techni que descri bed above is to transmt quality digital
musi ¢ simthet receives ity detebt Fdeinmtbpvier pubsed ordy et dophenviterbpolads as¢ audi o
signals. Fi gc 4 is a spectrum di agram useful in understh?‘andi ng this
appl i caBYRRFIBH. (YRNSASYENEY Eherec RNy eilti-path PreRIems Withi e preserhd 2. Fig.
4a illug\%gtg es the power envel ope for FM broadcast signals in the 15 United
States. In Fi'g. 4a, the horizontal |ine represents frequency, and
represents a portion of the VHF band sonewhere between approxi mtely 88

VHz d imately .107 .S | th i ted jn th
S, P B R folh s Pl SBpl R ) hen
br oadcagiansini@bSqualitg diditaShisicedmukaRBoGaYWRA M rhbhéishédt @fdas a
vertical arrow. Around each carrier 20 are Sidebands which carry the

br oadcastersoghmalic Bkbanbzhsit stueib eignalee Eigr A isra spectrbm dlagtad Seftlds, FM

radi o stations pay broadcast, rmno%goni ¢ and stereophonic audio_ at full
power i Hndergtandiag thistanlicapgnial thermpdglagign teghnique illustrated in Figs. 1

and 2. Fig. 4a illustrates the power envelope for FM broadcast signals in the

15  United States. In Fig. 4a, the horizontal line represents frequency, and
represents a portion of the VHF band somewhere between approximately 88
MHz and approximately 107 MHz. Signal strength is represented in the vertical
direction. The permitted envelopes of spectra of two adjacent broadcast signals
are illustrated. Each carrier is illustrated as a vertical arrow. Around each carrier

20 are sidebands which carry the broadcast signal FM modulated on the carrier.

In the United States, FM radio stations may broadcast monophonic and
stereophonic audio at full power in sidebands within 100 kHz of the carrier. In
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



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 woanessreted in this band nmust be 30 dB down fronP€DiUROI8er . These
si debands are illustrated hatched. Adjacent stations (in the sane

geographi cal area) nust be separated 9y at |east 400 kHz. The upper

si debangeriay giré&xeort Aépre8enf mbaaldti erﬁéﬁ@%ncm Pigoag apk m&héﬁh’ﬁmén Fig.
4da is illustrated in t¢1e spectrumdlg{geéamof g I'n Fig. 4b, the WO
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si deband (usb) runs from38 kHz to 53 kHz. A 19 kHz pil ot tone (one-half
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addi tional information at full power. As described from100 kHz to
200 kHzloNva;rmaheMmﬂ(mﬂvMownbartoumd be ruiBnrdoawmefr(om fra SdeHz to WOONng t he
nndulatkon technique illustrated in Figs. and 2, descrihed above, a 128

ki | Bbi t 'aé)rregé%Bﬁ@veuﬁia@)toswnmadewamMﬁ@awwd@w@lamwai@naﬁml 0
This ot STHOWEarS ES Y ST Tiorhofop RiR RE28Y K rafiRueBBofy ot 100

kHz in et BRED d8 @i@\h,a.nﬁoﬁﬂm @(@g’pl e) and transmtted as a subcarrier
signal along with the regular broadcast stereo audio signal, as

illustrated in Fig. 4b. In Fig. 4b, the digital audio S|gnal is the SSB
signal - describng MRAKBACRRIGH RRNAlqUENIBOY kI irAFdsT YTind DoRbaRRIGRK! Bl el v

60 kHz to 80 kHz. This signal is wth of the main carrier and,
t hus, nalyovse & il @Bskiiakitederasedarld (Iqhmx&aslgnal contalnlng an MP3 CD quality
15 audio signal, may be encoded and transmitted in a bandwidth less than 20 kHz.
This digital audio signal may be placed in the space between 53 kHz and 100
kHz in the upper sideband (for example) and transmitted as a subcarrier signal
along with the regular broadcast stereo audio signal, as illustrated in Fig. 4b. In
Fig. 4b, the digital audio signal is the SSB signal described above centered at 70
20 kHz, and runs from approximately 60 kHz to 80 kHz. This signal is within 100

kHz of the main carrier and, thus, may be transmitted at full power.

Fig. b is a block diagram of an FM broadcast transmitter incorporating an
in-band-on-channel digital transmission channel implemented according to the
modulation technique described above with reference to Figs. 1 through 3. In

25 Fig. b, those elements which are the same as those illustrated in Fig. 1 are
enclosed in a dashed rectangle labeled "Fig. 1", are designated with the same
reference numbers and are not described in detail below. The combination of the
encoder 10, differentiator 20, level detector 25, mixer 30, oscillator 40 and BPF
50 generates an SSB phase or frequency modulated signal (CARR of Fig. 2)

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



Fig. 5is a block diagramof an FM broadcast transmtter incorporating an

I n- band- on-channel digital transm ssion channel inplenented according to
the nodwav2/es7e echni que descri bed above with reference POT/BR@#R2849 t hr ough
3. In 25 Fig. 5, those elenents which are the sanme as those illustrated in
Fig. 1 are enclosed in a dashed rectaongle |abeled "Fig. 1 ", are

desi gnalepsrentt *’cptmgs.sﬂi%d pef Ah%lﬁ@uﬂ*ﬂ@i*h@ih%l éﬂ%@BPFFBU isﬂééﬁ;ﬁlbﬂ&@ a detai l
bel ow. The conbi nati on of the encoder 10, differentiator 20, |evel

det ect dnpabterminal oB88n avsplifidrdd®rAd ®@uipdt BRPmMinallofgthecampliieafO$SB phase or
frequenc | ated signal (CARR of Fig.. K 2). 3o_representin di gital input
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ter mi nadf wie $dvwrplixdr 20 iSBousledaouan BbutaeBminal of a fust tfilte@fanmplefierof a
second m xer 70. A second oscillator 80 is coupled to a second input

t er mi na?60Qf Ameuspettdminalea’ the. firah fibigr jpmplifier Mathis eowiled e asBedritPws xer
70 is couple tfo an iggut ternéwl of a first filter/anplifier 260. An
out put EERAAT HFIGALCPMPLE 43 er /anplifier 260 is coupled to a first

I nput termnal of a signal conbiner 250. An output term nal of a broadcast
baseband sigpal processaor 210 is oupled to first input termnal of a
third nixer 22®UtRUE EFnalsef Plbé?%&aféé’ai%bibgétﬂjﬁ 23558 Zd&oksd i nput

term ngt}oelgﬁ?%tﬂgﬁt ms[tqnﬂiitlf({?errn%ﬁ'of@tﬂ% Pr'rl&(art ??p‘t nﬂlth% o#ﬂ%tﬁpggg'i@;aﬁer 220

IS cou Input” termn of a secon er/anplitier

outjout dRIpleda@d s0$eddrtl BRLORErmhinkl 6f tiearthird nfike22201 SAG @ipbettdraninal slecond
i nput term nal of the signal conbiner 250. An output term nal of the
si gnal therihirdemipaB22@ iz eoppled toammputiparminal off @asecondafilseirmnphlfien i fi er

270, 15 i i | ed t t bt . 80. | ti , th
270, ool S RGBSR Sa BRI 0RO el e 11
si gnal . gddyn@ iHBEf e&rnSiapoP aicH g%%l cbiipinet 256! Arf odth YRR3R Idrane  digital

audi o signal. re specifically, the digital audio data streamis forward-

err or - csignaotomhbineFES0 encadded ws iamginpuReedniSal ofrarpdvirks) amptider ZEON t he FEC

15  which is coupled to a transmitting antenna 280.

In operation, the encoder 10 receives a digital signal representing the
digital audio signal. In a preferred embodiment, this signal is an MP3 compliant
digital audio signal. More specifically, the digital audio data stream is forward-
error-correction (FEC) encoded using a Reed-Solomon (RS) code. Then the FEC

20 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 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



20 encoded data streamis packetized. This packetized data is then
conpressed by the circuitry illustrated in Fig. 1, into an SSB signal, as
descri beavon2/abstrai | above. The frequency of the signal prpdhose/22g49t he
oscillator 40 is selected to be 10.7 MHz, so the digital information from
t he encoder 10 is nodul ated around a 1aenter frequency of 10.7 MHz. The

nmodul att;bj\Pthef E8EHIRNSo MY the sabind tikeeT0edity seddHd bscil@io? 80.ad iteal |y
selected so that it corresponds to the frequencies of existi 2% | ow cost

BPF fi |itlestsatekbembrdiment, the secand BRFilkitor 80 generates cesigosl &t @duehci es of 6
WMHz, 10..7, MHz, 21. , 70 MHz, .14 , c..ln .the.il]ustrated

Snpod Ik ad the 5P TalsEpaueiad foBe-ng Mt THR s0R8IdR SIS0 2dng e B
50 is i h%?‘%ihtl ; L Stisie: .7 MHz filters. The 30 filtered
SSB si g% ronﬁlﬁhée%ﬁngﬁggfr?fshgﬁ'gﬁﬁ“gggg)?@érrpl ifier 60 and up-converted WO
02/ 09379 PCT/ US01/ 22849 11 by the conbination of the second m xer 70 and
secqand osci l 8 ' e ' e cillator
80 g)enerat eshgé g:}%anagﬁasg?)a%gs%ﬂﬂg%ﬁtzaf gh%?detsggpgggrﬁggi‘dgg%%@eﬁ?%ﬁldﬁ% 88. 27
MHz. Thiignali @odlshioSvr)l éﬁo?_ﬁ@ﬂoﬁﬁ&i thé Wigehredaysidd Recdysat{i€o fibFratthe
filter/anplifier 260. 5 e broadcast baseband signal processor 210

recei vetasebsndreaunposito stesegsignal nioclshiogutie andt Besigral rag hasebsngdntiie
D ol Lai daihlersiqehany -%ﬁgq‘ggéeg.égg@é G S R P Rlbbressed) Sartard™!
doubl e-si - - capry - Si | ( S : rier
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si goal i$Ghes rhbeulat@tiohed adtapnéosignapat ty RBbiyhad fadqldreyassStignEM f requency
of the FM_station. The third oscillator 230 produces a carrier signal at
t he assitgtied- Dhethichoscillptayuddfe proghicas a icariaisignal mtthgrassiantsbdi ment, is

88.2 MHz. The hird m xer. 220 gengrate dul at ed. si.gnal dul,ated with
the. basssaNaest RREn e N pRIMRdTuse BeErBBRIRTE: A aEe el U e
| T ust rgfRAmiterP2 20 dRerakes BeodDba sithat ndd\Rliatedl withCaie b&etfdniguency of
88.2 MHz and wth the standard broadcast audi o sidebands illustrated in
Fi g. 4bsomposibhe mdndpgreméd and dtamgophbnedalijio didgreals esdhdstratedan/Egphbfi er
240. This signal is conbined with the SSB nodul %ed .
15 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 amplified 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
compaosite 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



digital signal at a center frequency of 88.27 Miz fromthe first
filter/anplifier 260 to forma conposite signal. This conposite signal,

t hus, i noVvadzesodt h the 20 standard broadcast stereophoni BCRUSII®R2849debands
nodul ated on the carrier at 88.2 MHz, and the SSB nodul ated signal
carrying the digital audio signal cemered at 70 kHz above the carrier

(88. 27 8bia)is cdsipldd tshrfabempul tEHBlinatdf alfiis$ mik@NMBOSB. t AnSd@ipak tédnihBEN
power anplified by the power anplifier 270 and supplied to the

t ransmi ot arfystinseifiator BB focoupladSoi assemnd mpEtesdinal pétbe fessmiks Fig. 6

is a bl ram of an FM roa cast, ver whi ch can receive a nal
rodal o 30BN R e  TRaHETDPEr S8 Sad R ER 1f fopeptvi inpit i ks
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outllne dashed rectan are eS|gna e W|th t he

sams reBeoaﬁmupmmheaﬁ ik Wrmlmtofda‘strfwbﬁddlafb ftegachcpelFpwmplifidri g. 6, a
recei vi ngl; antenna 30 302 is coupled to an RF anplifier 304. An out put
t er ni naP 8fWhI¢é1 RRY L ilimiting \ampifieo 340 cqutrrusyminagafotheplF aoplifier coupl ed

to a fi ut.termnal of a first. m ut put _terpnal.

ret odlpiipacupiedls Pl adhidaind s SLERaSeiel 3 8 R e Gk kel
m xer  gPfhe AW BBidRYbr B“Mrﬂs RAupRid ’éd‘ﬁnﬂh;ﬁ@ﬁtéﬁrﬁﬁél o106 FR1 SRL4Bb b cbBer
respective input termnals of a BPF 310 and a tunable BPF 110. An out put
term naB16f the BPF 5 310 is coupled to an input terninal of an

I nternmedi ate frequency (IF) anplifier 312 which may be a limting
anplifier. An output termnal of the IF anplifier 312 is coupled to an

i npret  t er m nl opédradionFihel BFeahplifiél304 Asceivepahdtanpiified RFaSigihdle frdvh
detector 314 is coupled to an_input term nal of an FM stereo decoder 316.
10 | n offer ERCeBANg EREeRR 3RAH |Th@fflrsmscrll4,f&@r\3@§ gﬁmeratﬁﬂ afwmalﬁt 93.§nal s

from t recei v enn cil,l.at e es _a
St onal  WFog TBe GatgbRRHER B sie ! BRclbiet a0 BhuiPediet PiedF 386RA he
first mxeferddfhdenm l\ﬁlqﬂ\h%lhscatrhér §r%n8I WO”‘P'WE%M ¢he %%‘éﬂglﬂa 10.7
MHz, and the SSB digital audio signal from 88.27 Mz to .63 MHz. The BPF
310 passedioagyaltfhemS38.15 Kz tf 1OM8tMHeo EiegBBF Iis‘ﬁijbamhso(wly%eaﬁﬂ L-R)
around 10.7 NHz in a known
15  kHz of FM stereo S|gnal 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.



manner. The IF anplifier 312 anplifies this signal and provides it to an FM
detector 314 which generates the baseband conposite stereo signal. The FM
stereo dev0dye93316 decodes t he baseband conposite stereo BCO&1/12849gener at e
nonophoni ¢ and/ or stereophonic audi o signals (not shown) representing the
20 transmtted audio signals, all in axnown manner. In the illustrated

enbodi NRYre spleificanpbiie Bighallisl@epackietingd, 4%d angaitdts infrogovemeriag 10. 63
MHz, and passes only the 20 kHz digital audio signal around that

f r equentansmissidre are dataoted ehdeedroeiitednt The herrpekesiobin¢tesfan ietBPF 110 runs
from10.53 Miz, to 10.73 . lLhe cog‘oi nation of the BPF 110, integrator 25
120, |i fPRYHEELHDR FPEF d4dio gjapale@dan Z‘@?OWB&BG@Fe%o and wi ndowi ng ti ner
160 operates to extract the nodul ated digital audio signal, and denodul ate
and decode that signal to reproduce the digital audio signal, in the
manner descr i Be@MegHRentidescribed abqye rravideg the eaphalenyCeRIPIeRsid™ si gnal s

ci vl  PSTORR e Bhd 1927 AABEREREM, RuPaRer IRBrActeR R SkaRkes 88 (e
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specifically, the signal is depacketized, and any errors introduced during
t r ansm gyiltwathriotateymbob thtarférence msuétthg frioen the tigbt ednbtdllasipnespacirg.t hen

convert to a stereo audio . sjgnal, all in a kpown manner, The enbodi nent
Conurt bife heve Syrbun o bo sSL ARl BcabBn B RO IMBRTow Bst el pecet o
1024 : L i ; | m o around
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system has no |SI probl em because of the narrow and wi dely spaced carrier
pul ses. s4gh 3AQAM.hi gher data rates may be transmtted in narrower 10
bandwi dt h channels with none of the problens associated with other
techni ques, such as QAM Referring back to Fig. 2, in the CARR signal, it
may be seen Rbtrrinhdaekaoerigr €, an ithelCARR dgnghps net e eseenathiak ¢neneldrses
during \M?i ch no carrier siv\g,]nal IS, . . L .
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 pulses 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.



transmtted. These gaps may be utilized in according to the present
invention. 15 Fig. 7 is a nore detail ed waveform di agram of the CARR si gnal
useful i woonasrst andi ng the operation of a nodul ator in BCT/OS@Z84 Wt h
the present invention. As described above, in the encoder 10 illustrated
in Fig. 1 an encoding clock signal hast a period one-ninth of the bit

period of thﬁsuﬁécﬁbeaadbqvemﬂwa\@mé@lsé i918SclbBk fpulbes frb@PiRs ent
encodi ng clock signal periods. In Fig. 7, 20 a bit period is illustrated
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representing. no change, In the NRZ signal, or a 10 cl ock pul se interval
(E) 10 r cPies€8intg pge 4B). dhis ilicateg g ¢hangsdnnike NRGsignalsand|caniBe when a
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edge in the NRZ signal, or 9 clock pulse interval (F), representing no
change PhatHechrk pilgadl). interval aepegsentingpulesdingsedge limtihke plRZ signaik.om t he
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three adjacent clock periods (t1-t4), can potentially contain a carrier pulse, while
a second interval, consisting of the other six clock periods (t4-t10), cannot have

a carrier pulse.

During the interval when no carrier pulses may be produced in the CARR
20 signal (t4-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.
Respective guard periods of At each, a first after the last potential carrier pulse
(C) in a bit period and a second before the next succeeding potential carrier pulse
(D) in the next bit period surrounding this gap, are maintained to minimize
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



or a 10 clock pulse (F) interval, representing a | eading edge in the NRZ
signal. This is all illustrated on Fig. 7. It is apparent that of the nine
encodi ngwbdorb931b periods in an NRZ bit period, a first i|ipCeUsS@/228{9 t he bit
period, consisting of one of three adjacent clock periods (t1-t4), can
potentially contain a carrier pulse, wsile a second interval, consisting

of the pélaey. #i Figi! DK spardedhdt (Shdwin) Qf, abaigtddtav AU igadduphdd RbAe.
During the interval when no carrier '%l)))lnées may be produced in the CARR 20

si gnal gt tempinabeherfirgtrin-firstrgutdid yffee4Rdd uhat atpoh tetmeinalaet ther

si gnal . | s s ILllustrated, in Fi 7.as a _rounded rectangle (AUX DATA)
it o veF R Btrie a0 R intat sB ot el aBBie of ST dalerer 5041 g
after t [ i ' ] | second
Bt or e VRS BARRIEER (R rhabSler PR adirled Bo B by O bt
peri®d silxerddhdiTihg olnipuitgamirat ef niae vl detedtor @onisnea | @D 1 at swzional

i nterference between the carrier pulses (A) .- (F) carrying the digital

gudi 0 sﬁ@wa;npahaerMBahef theMylbeigrat fBf- (/A) j mTw)ltfmartegmw@l phé&hawuxiliary
whi on  odtno R fodke e BBt JTRRRRCBY tadm PR Rl ared

encoded data stream In Fig. 8, those elenents which are the sane as those
illustrated in Fig. 30 1 ar esi gnat ed by. the sane reference nunber. and
are not desch tﬁ‘@dﬁ?ﬁtraﬁda?'i“ ’ﬁ%’%&?@”?‘é‘?fﬁ%ﬁ ?‘&WE 1s ?L%SLHB‘F‘?)\RPTT%GH”H g.

8, a so : f Itk : : Al IS N i nput
term nal @?tlgﬂ?%rcgt%:w)T%Fgféigl}bé?{ﬁrrll—%)ag'gﬁélf ﬁﬁ’ﬁos}." n'laot(lﬁ]fté}péurftP V\tﬁgr m ngl of

t he1o Fl tQdidretdrer hd02to encodebad/drothefiviisstprdpame & Bigral termbdalhteod a
mul tipl exer 404. An output termnal of the nultiplexer 404 is coupled to
an i npu€arrier i AdNapRet MOSE appxeriale tothe chafaeteristiesiofidhabsionale Irevel

detecto Is. cqupled. t second a input term pnal of _the l,ti.pl exer
200w pdinal SRV ER TR o R ant bR By oS Wy e bR abif o

i nput teraiyial fot.t TRigNd doPheecsadPRhowévdrheThé lausiiaay adi£8RAdI AR\t . the
auxiliary data signal is assuned to be in condition to directly nodul ate

t he caralserbesagaablogtkignskilled in the art will 10 understand how to encode
and/ or otherwi se prepare a signal to nodul ate a

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 potentially 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 + Atto t10 - At) when the FIFO buffer 402 is
coupled to the mixer 30 (taking into account the guard bands A t), the data from
the FIFO buffer 402 modulates the carrier signal from the oscillator 40. The

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



carrier in a manner nost appropriate to the characteristics of that signal.
In addition, in the illustrated enbodi nent, the auxiliary data signal is
assuned tWObz093rh digital form This is not necessary, hoRET/®R01/IPB4
auxiliary data signal may also be an analog signal. 15 In operation, the
encoder 10 includes internal timng cilBcuitry (not shown) which controls
t he rellit rate, tancl ingffef tHeheigpal d@dng T sinte perigdsi(ticutdy wheaycdvder nodi fi ed
in a manner understood by one skilled in the art to generate a si c{;nal

havi ng RHIses &b siGt Brayube mgodyred: hibe FiP Lufer 38 shengreyider thestes, t1

44, wheq... S otentiglly .o i J i gnal nd. a second
state ur%'ﬁ%}k’t%%azr%yﬁf%@? F’irn%d g%c?o%l&%é aé{éolélﬁﬁsgﬁﬁ?ai? %P?f-ngltgg%fﬁ?s si gnal
nmay be psrel a4 GO 1 &) t1de A BlvhiRl B iRty tdats 8Rd BetthenfHitRid,. treem nal
of the level detector 25 to the input termnal of the mxer 30 during the

per ifodsnetathradghpuhehthpubsets wipuadieny danal thwugbuihleeCARR sighplumuser mi nal  of
the FIFO buyffer 402 to the n‘ixg ot herw se, A t4-t10.  DPur

r 30 i t he
per i odsTaEC! 1he ONFHAER N EhERHINRUT (AL [ty tai?mﬁéelaéwlaf)ﬂéﬁgéﬁﬁ”aiS i's
coupl e l 0, LG eUi J: 1S i tion
illust ?Sa(%&e}aé Pﬁoﬂség{}vﬁ a%lzé]glé@%gtq@lsﬂt\%ghd@sﬂgp PE%@%@@\'}EO‘?E&?‘;{%W‘@&Jri ng
t he perthedsglipuditst afdtal§® holPte pfovifle ibeovelran§lah® inddranst@R insa kaoupl ed to
the m xer 30 (taking into account the guard bands At), the data from the
FI FO bulPBneu02 nodul ates the carrier signal fromthe oscillator 40. The 30
FI FO buffer 402 operates to receive the digital auxiliary data signal at a
constant WO 02/ 09379 PCT/US01/ 22849 16 bit rate, and buffer the signal
during t he tkige 9piera bsk(diagran 4f anteeriverwhieh qarl ssived)he sigGpl may be
produced. The FIFO buffer 402 thep, provi de he stored auxiliary data to
the m x¥edgged by thrpustent ‘”ét‘SH?&HQF‘p E'igt &a %L%ﬂfﬁ%c’ﬁﬁ@'wws wétshoare t 4 +

Ot to 0. s At . il i@y I . Lite 5 net
t hr ough%tSao?é%?e%%?s‘@@éﬁégdhiﬁ'a? %g%jgitelgﬁ%r%?%%gwhﬁ ﬁ@é%ﬁ% %F%r-r%gl%enust
mat ch tiémbenahdrdre it ddscabadwideedil Belsiw.i 3 Figlad athler eutplib @etuniixial bary dat a

signal source (not shown). One skilled in the art will understand how to
mat ch tthe detecbughfdtis codntedalosen ivttterminaliafe controlaie $weytethdOGndAr runs,

al |1g : ﬁrs“f%%\%'ut 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 control 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 160 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 (14-t10). During the period (t1-t4) when carrier pulses (A)-(C)
could potentially occur the windowing timer 160 conditions the controllable
switch 406 to couple the detector 140 to the decoder 150. This configuration is

identical to that illustrated in Fig. 3, and operates as described above in detail.



manner. 10 Fig. 9 is a block diagram of a receiver which can receive the
signal produced by the systemillustrated in Fig. 8. In Fig. 9, those

el enent s whbpbw3z¥ e the sanme as those illustrated in Fi g. PGI/as&/xte® gnat ed
with the sane reference nunber and are not described in detail below In
Fig. 9, the output termnal of the datector 140 is coupled to an input
term nal of pusRGthert@airics Witthb HHOPeridd 1b1-t10)5tthe Wesdtor er40 Rl of the
controllable switch 406 is coupled to the input term nal of the decoder
150. A smyed touhptFOeF08. neﬁ]urm‘g thie peoadr the atsidailatedi awdiliargaiats igoupl ed to
an input termnal of a FlLF ut termnal of the FIFO 408

pr oducéie"f‘ﬂgmém endrSyrgled te A Bﬁ(}ﬁg?h%égut Gt CEFSRARANG MINNET 1QithEowi ng
timer I n or 20
140, ag 19 02 UERRE 8N Ehe FRAMANAR o B¢ alnBlihy ditahurtE o 85

contsr ol detbbeor MM’)I shd 4efierdtas apedwliliary, ddtheudptesigaal AUX ian aFcgnstant s

al ways enabl ed. The wi ndowi ng. signal fromthe wi ndow ng tinmer 160

cor r espyhaate: oThﬁ@UNHWY]@aLﬁ gigaw! g@f@sgrﬂfédthebquwlrﬁév&?d@@éreq@deﬁl forg. 8.

The w ndo rst state d eriod t when
car i e g Bl Bk RE  Feihslbefe g Mo, AR 8 ety ()

ot herW‘&é‘cd&e‘lfﬁel@cen@éiréu@gllé&edd%ﬁrél@ﬁal(tbjfhfe"deé%@nfo?ﬁ%'t' er pulses (A)-(C
could potentially occur the window ng timer 160 conditions the controllable
switch 406 to couple the detector 140 to the decoder 150. This
configuration is identical to that illustrated in Fig. 3, and operates as
descri bed above in detail. WO 02/09379 PCT/US01/ 22849 17 During the

remai nder of the bit period (t4-t10), the detector 140 is coupled to the
FIFO 408. During this period, the nodul ated auxiliary data is denodul ated
and supplied to the FIFO 408. In a corresponding manner to the FIFO 402
(of Fig. 8), the FIFO 408 receives the auxiliary data bursts fromthe 5
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 nodulating the carrier. Further processing (not shown) may
be necessary do



decode the received auxiliary data signal to the desired format. WO

02/ 09379 PCT/ US01/ 22849 18 CLAIMS 1. A digital data nodul ati on nmet hod

charact ewaerlod3y9 t he steps of: providing a digital data BCON&éUA2849 ng a
data bit period; 5 encoding the digital data signal using a code having
edges occurring in an interval withinsthe data bit period; generating
respective pul ses representing the elgamisf the encoded digital data
signal; providing an auxiliary data signal; and 10 generating a carrier
signal having carrier pulses corresponding to the respective pul ses during
the interval, and, npdul ated the auxiljary data signal otherw se. 2. The
modul ati ng mét h'%od'%ﬁio‘ij%fiar{aoa%'ayloﬁi W%oiﬁégrggfgfqegég/ %?le SteRs °¥A5 t he code
is a variabl . b b gi.tial. dat a nodul at or,
characteri Ze@ro&ﬁ}ﬁﬁé‘é&@gﬁ%éﬁ%n%?l ggﬂﬁaiatgg?édgltt g’e@?g’nal having a data bit
perisod; an e@ecsting ¢BO)digitardaea cighat wisiripa diodiettalvittpedges iovgurinkpin abl e

pul se width 20 code having edges occurring in an interval within the data
bit peringervahwithisghedgitabritgesiErdit or (20, 25), generating respective pul ses
representing_the edges of .the encoded diqgital, data si |; a soyree. (JAUX)
o "an_ auxi | aPPTaRnd Tergre M RS e SeRipding ahlied o8 1Re isoRB g

gener atdfg gigharri er signal (OUJT) 25 having carrier pulses corresponding
to the respective pulses during the interval, and nodul ated by the

auxi l i ary dapmvidiggan aptikan data signdthendodul at or of claim 3 characteri zed

in that th dul at furth i ; tipl 404 havi

(18 dat o | PUATBArR FRFIeE SARLASY G FATTish PHIeS EoresRanagehia or (20,

25) . : ! i i I

conr co ERORPVE R isdstind SRy of. iR ffbc otk BEAAEX, datLsighan
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



signal generator (30, 40), and conditioned to couple the pul se signal
generator WO 02/09379 PCT/US01/22849 19 (20, 25) to the carrier signal
gener at oG302/0909 during the first interval, and to coupl BCTAS01ZA2849 | ary
data signal source (AUX) to the carrier signal generator (30, 40)
otherwise. 5 5. The nodul ator of claim9 further characterized by a

first-im@d,25f tPthe cérlFileF@)grml?e%ra&@ae@o,armn:l&ﬁmgbmemﬁ@i ibfegvalandi @y dat a
source and the multi pl exer (404). 6. The nodul ator of claim3

char act eeupledherawdiry data wigriahisbarga(AEX) 10 the darrierosignalsgeneratardBle
aperturi iod'_(‘e. 7. The nodul ator of claim3 characterized in that: the
encoder “P¥NY¥f{8%at es an encoded digital data signal having |eading edges
and trailing edges; 15 the pul se signal generator (20, 25) generates
positive pulses in response to |leading edges in the digital data signal
and megat i vespul she inmodwatmrnsieclaim 4 fuathérnghaedoesized dyha fitsgintfilst-dait a
signal ; and the carrier signal generator (30, 40) generates a carrier pulse
havi ng H1FOt buffepr4Q8) raupledmiseearcthe awglianydatpigoseca@@dndgi ng a second
phase inp rleslgonsg C?fﬁ a 20 negative pulse. 8. The nodul ator of claim?7

char act 814'9R X?rnzt t the first phase is substantially 180 degrees out of
phase with the second phase. 25 9. The nodul ator of claim 3 characterized
in that the pul se signal generator conprises: a differentiator (20),

coupl ed to the entbeengdaatbr af tlainel3 desracterizeddb)that tlipivadable pliee
differentiator, 30 10., T{ée nmodul ator of claim3 characterized in that the
carq er"‘@ﬁ@h‘é‘?de Feh¥PHebie RpfEYTesede - a carrier oscillator (40); and WO

02/ 09379 PCT/ USO01/ 22849

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



20 a mxer (30), having a first input termnal coupled to the pul se signal
generator (20, 25) and a second input term nal coupled to the carrier
oscillatwootdBy? 5 11. The nodul ator of claim 10 furtherpPCchas@c2e49% zed by
a bandpass filter (50) coupled to an output term nal of the m xer (30).
12. A digital data denodul ator, characioeri zed by: a source (IN) of a

nodul at ed si gigiket (BON Haleh$ HOFEs Fip(R tBirhindetbogfed RAA{E Palskignal0 a first
interval containing a carrier pulse, spaced relative to other carrier

pul ses, generat@piZés etfi) and ardembhd ipplitstermiinikicompded ¢d the giatridr akdtilfater gnal ;
and a Sf c;nd interval during which the carrier is nodulated with an

auxi | i afcpdata signal; a detector (140) for denodul ati ng the nodul at ed
signal to generate a variable pulse width encoded signal in response to
received carrier pulses during 15 the first interval, and an auxiliary

dat & si gnal tlori nfhé meocwlatordofi clbien id furehiet; craardenoized Hyld®antipassiéittedi ng
the vari able pul se wi dth encoded signal to enerate the digital data

si gnal (T@moupled toiee edipsddranimel of the m'm?rl%q)urther characterized by a
controllable 20 switch (406) having an input term nal coupled to the
detector (140), a first output term nal coupled to the decoder (150), and a

third outputqper Mhn@ibitaPAsta §OABHLIMSAC EhkPadtbASE Byt he vari abl e pul se width
encoded signal at the first output termnal, and the auxiliary data signal

at the sesoonmk N plita nedulatal. sigdal iftiedihgnsichdeasive loit periads d&cH havingr
characterjzed bly ﬂpfi rst-in-first- 25 out befer_ (408) .coupled tao the
secthd 6Jt’§h‘tm?é’|a RAfaINNY a eAETI AR SPRGRd Jelativa; 19 QB e KaF Rt RHIFSRd i n

that the, yaybable, oukisgie L hyaR08nESady A aEa ARRIEH 05 GYlRong0 16. The

denodul ator of claim aracteri ze ri‘er pul'ses "have one

of a fiingérvahasBngwhizhs@@odktriehRseodWate@NIigRs 69 RGANAS0d4138g%al2l 17. The
nodul at or of claim 16 characterized in that the first phase is
a detector (140) for demodulating the modulated signal to generate a
variable pulse width encoded signal in response to received carrier pulses during
15 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 (406) 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.



substantially 180 degrees out of phase with the second phase. 5 18. The
denodul ator of claim 12 further characterized by, coupled between the
nodul at edv@ ool source and the detector: a bandpass fil t ReT/$M@2849 an
integrator (120); and a limting anplifier (130). 10 19. The denodul at or

of claim 12 further characterized by: 2a wi ndowi ng tinmer (160), coupled

bet ween the detector (140) and the <controllable swtch (406), for
generating a wi ndow ng signal having a first state during the first

i nterval andla. setbadeduéatorcdfrélain tlifechareotatizedtiorthat thefidgstlPhasiedsei n: t he

controll gble swt (406) selectively coup|es the detector (140) to the
decodersabl%ﬁﬁ't'%n)fﬁgg é?‘ﬂa‘)e?? O34t qtfrﬁ)}’&séé’f”taﬁhet%éoﬁgt 6r to the second
output termnal during the second interval in response to the w ndow ng
si gnal .

5 18. The demodulator of claim 12 further characterized by, coupled
between the modulated signal source and the detector:

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.



