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Montigny-le-Bretonneux, France, assignors to Com-
munications Satellite Corporation ‘
Original No. 3,470,477, dated Sept. 30, 1969, Ser. No.
658,565, Aug. 4, 1967. Application for reissue Feb.
11, 1971, Ser. No. 114,453
Claims priority, appli%:nzﬁgn France, Aug. 5, 1966,
9

4
Int. CL. T104b 1/06
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Maiter enclosed in heavy brackets [ 1 appears in the
orlgmal patent but forms no part of this reissue ‘specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

A communications receiver which receives F.M. com-
munications from a plurality of transmitters but detects
information only from that transmitter which modulates
the carrier with an address frequency assigned to the
receiver. A frequency deviation feedback loop connected
between the output and input of the receiver mixer gen-
erates a local carrier frequency which differs from the
received carriers by the center frequency of an improved
demodulation and which is modulated by the address sig-
nal assigned to the receiver. A phase lock loop and an
amplitude lock loop in the feedback path operate to
control the phase and amplitude of the locally generated
address signal so that the mixing of the F.M. modulated
locally generated carrier and the received signals results
in an intermediate frequency output which is frequency
modulated by the desired information only. All of the
received carriers which have been modulated by different
address signals will come out of the mixer as interme-
diate frequencies modulated by a combination of signals.
Only the desired information signal then is capable of
passing through the improved demodulator.

Prior art

The closest prior art known is French Patent No.
1,438,315, filed in the names of Gerard Battail and Pierre
Brossard on Feb. 27, 1965 and issued on Apr. 4, 1966.
The French patent describes the overall environment in
which the receiver of the present invention is useful and
also describes a prior art receiver. In the overall com-
munications environment, the transmitters are identified
by individual address frequencies which are combined
with the information signal prior to modulating an F.M.
carrier. All of the transmitters use the same carrier. The
receivers must be adapted to detect the information which
has been combined with the address signal assigned to
the receiver and to reject all other information.

Discrimination is accomplished in the receiver by mix-
ing all incoming carriers with a signal that is frequency
modulated with the assigned address frequency signal
and which is closely related in phase and amplitude to
the received address of interest. As a result, the communi-
cation of interest appears at the mixer output as an inter-
mediate frequency modulated by the information alone.
All other communications appear as intermediate fre-
quencies modulated by a combination of information,
transmitter address signal and local receiver address sig-
nal. Because of the relationship of address frequencies,
the communication of interest will have the lowest rate
of frequency deviation.

The mixer output is then passed through a demodulator
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known in the prior art as an improved demodulator. An
improved: demodulator, such as described in French
Patent No. 1,328,367, differs from an ordinary demodu-
lator in that it demodulates only inputs having a fre-
quency rate of change below a preset maximum. Since
all but the communication of interest will have a fre-
quency rate of change above the preset maximum, the
output of the improved demodulator will be the informa-
tion from the transmitter having the same address as that
of the receiver.

In the receiver of the prior art patent, mentioned above,
the address signal mixed with the incoming information
is derived by a feedback loop containing a local oscillator,
a frequency modulator and a filter. The filter, which must
be a high resolution filter, is tuned to the address fre-
quency and is placed at the output of the improved de-
modulator. Only the address passes through the filter
and it is used, after amplification, to frequency modulate
a locally generated carrier. The locally generated carrier
is chosen so that it differs from the received carriers by
an amount equal to the center frequency of the improved
demodulator. The direction of the instantaneous fre-
quency change of the F.M. modulated locally generated
carrier is such that the frequency deviations of the incom-
ing signals and local oscillator signal are deducted from
one another when mixed.

In the prior art receiver, the feedback path was very
difficult to implement due to the stability requirements on
feedback devices. The requirements place a limit of about
6 db/octave on the change of attenuation of the filter
used versus frequency. On the one hand, the gain of the
amplifier in the feedback loop should be large enough to
reduce to a negligible value the frequency deviation asso-
ciated with the address signal assigned to the receiver.
A gain of about 50 to 60 db is needed. On the other hand,
the feedback should be insignificant for the wanted signals
and for the address signals other than the address signal
identifying the receiver. The band-pass filter, which sep-
arates the receiver address signal, should therefore
strongly attenuate the other signals. The required selec-
tivity of a simple resistance circuit used as filter is thus
considerable and consequently its figure-of-merit should
be very high. For instance, the figure-of-merit should ex-
ceed 1,000, a value very difficult to achieve in practice
with conventional means.

Another disadvantage of the prior art is that it is nec-
essary to have a frequency deviation different for each
address in order to prevent the rate of change of fre-
quency of the unwanted communications from being
within the acceptable limits of the improved demodulator.
Also, in the prior art receiver, the address signal used
to modulate the locally generated carrier is extracted
from the output of the improved demodulator, which is
not particularly adapted to demodulating the address sig-
nal and thus results in an address which is attenuated
and distorted. Additionally, since the address in the prior
art system is extracted by a filter, the overall communi-
cation system must not include addresses which are har-
monically related.

The disadvantages of the receiver of the prior art are
overcome by the present invention in which the local ad-
dress signal, instead of being extracted by filtering from
the demodulated signal, is generated locally in the re-
ceiver by means of an address signal generator. By com-
paring the phase of the signal of a local address signal
generator to that of the demodulated address signal, an
error signal is obtained which permits the synchronization
of the local signal with the address signal modulating the
incoming wave. By comparing the amplitudes of the same
signals, it is possible to adjust the amplitude of a local



iddress signal. Since the transmitted frequency deviation

ind, consequently, the necessary amplitude are known in
advance, the adjustment of the local address signal am-
slitude is only for a small proportion of the total ampli-
ude. By adjusting the phase and amplitude of the local
wddress signal, it is possible to cancel with a very good
wpproximation the changes of the incoming signal’s in-
stantaneous frequency, caused by the address signal, at
he input to the improved demodulator of each receiver
n the communication system.

The phase error signal can be obtained in a receiver of
he invention by synchronously demodulating the signal
:oming from the feedback demodulator included in the
‘requency deviation feedback loop with respect to a sig-
1al derived from the local address signal by time stagger-
ng equal to one fourth the local signal period. The sig-
1al resulting from this demodulation is proportional to
he sin of ¢ (¢ is the phase angle between the address
iignal modulating the incoming wave, and the local ad-
Iress signal). Consequently, within a range equal to =
-adians, the error signal has the required sign to produce
he wanted feedback. It should be noted that this error
iignal does not in practice depend on the address signal
umplitude which varies only within narrow limits.

The amplitude error signal can be obtained by syn-
:hronously demodulating the signal coming from the fre-
juency demodulator included in the frequency deviation
‘eedback loop, with respect to the very signal delivered
sy the local address signal generator. When the synchro-
rization of the received and local address signals is
wchieved, the product of the demodulation considered is
sroportional to the algebraic difference between their
umplitudes. Thus, this product can be used to adjust the
ocal address signal amplitude.

The phase and amplitude error signals includes a con-
inuous component and very low frequency components;
herefore, they should be filtered, with the desired selec-
ivity, by narrow band low-pass filtering. Such a filter is
:asy to implement by means of an RC circuit which is
<nown to satisfy stability requirements. Only the identity
f the waveforms of the address signals transmitted by
he transmitting stations and of the local address signals
>f the receiving stations is required for the proper opera-
ion of the generator of the error signal. This requirement
loes not limit the invention to the exclusive use of
inusoidal address signals. The desirability of removing
he limitation to sinusoidal signals will be described
1ereafter. )

The invention will be better understood following the
letailed description below, giving in conjunction with the
Irawings.

FIGURE 1 shows the communication system with a
yrior art receiver;

FIGURE 2 shows a preferred embodiment of a re-
:eiver of the present invention; and

FIGURE 3 shows an alternate embodiment of the re-
seiver.

FIGURE 1 shows one of the links which satellite 2 can
srovide, consistent with the system of the prior art. This
ink connects transmitter 1 at station A with receiver 3
it station B.

The information signal to be transmitted is applied to
nput 11 of transmitter 1 and is added in conventional
wdder 12 to the sinusoidal address signal of frequency
71 generated by oscillator 13. The sum of the two signals
requency modulates, by means of modulator 14, the car-
-ier wave generated by oscillator 15. Antenna 16 radiates
he signal thus obtained towards satellite 2. The trans-
nitted signal is received by antenna 21 on the satellite,
unplified by amplifier 22, carrier-frequency changed, and
hen radiated by antenna 23 towards receiving station 3.

The signal is recieved at station 3 by antenna 31 which
s connected to the input of frequency mixer 32. The out-
>ut of mixer 32 is connected to improved demodulator
33; this demodulator output is connected, on one hand,
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to output terminal 34 of receiver 3 and, on the other, to
the input to filter 35, Filter 35 is a band-pass filter and
its passband is centered on frequency F;. Since the pass-
band is very narrow, only signals of frequencies adjacent
to F; are transmitted without any noticeable attenuation.
The band width is defined by the changes of frequency
F; due to the drift or the instability of oscillator 13 and
to the Doppler-Fizeau effect resulting from the move-
ment of satellite 2.

The signal coming out of filter 35, after amplification
in amplifier 36, frequency modulates in modulator 38 the
wave generated by local oscillator 37. The modulation
product produced by modulator 38 is applied to the sec-
ond input to mixer 32. The frequency of Iocal oscillator
37 is different from the carrier frequency common to the
various signals applied to the first input to mixer 32; the
center frequency of the signal coming from mixer 32 is
selected, for instance, as the difference between the car-
rier frequency of the waves received at the first input to
mixer 32, and the frequency of local oscillator 37.

The center frequency of improved demodulator 33 is
equal to the above difference, and the improved demodu-
lator parameters are chosen so that the demodulator can
demodulate under the most favorable conditions the com-
munication signal associated with the address signal of
frequency F;. The frequency deviation of the wave com-
ing from mixer 32 is equal to the difference between the
frequency deviation of the wave received at the first in-
put to this mixer and the frequency deviation of the wave
coming from modulator 38.

As a result, the frequency deviation of the signal ap-
plied to the input to improved demodulator 33 includes
only a negligible component at frequency F;, whereas,
the communication signal there remains unchanged. This
signal is thus normally demodulated by improved demod-
ulator 33 and appears at output terminal 34 or receiver 3.

In FIGURE 2 the components common to the receiv-
ing device of the invention and to the receiver of FIG-
URE 1 are designed by the same reference number.
The signal transmitted by satellite 2 (FIGURE 1) is re-
ceived by antenna 31 of receiver 3. It is then applied to
one of the inputs to mixer 32.

This mixer output is connected to improved demodu-
lator 33 whose output is connected to output terminal 34
of receiver 3. The mixer output is also connected to ad-
dress signal demodulator 39 which may be a conven-
tional demodulator made up of a limiter and discrimina-
tor, operating in a frequency band large enough to de-
modulate, without excessive distortion, the address signal
assigned to receiver 3. The requirements relative to this
demodulator should be satisfied when the feedback de-
vice is operating, i.e., when the modulation index, rela-
tive to the address signal, is greatly reduced.

The output of the address signal demodulator 39 drives
amplifier 30; the output of this amplifier is connected to
input 301 of device 300, which will be caller “local ad-
dress signal generator” in the subsequent paragraphs.

Input 301 of generator 360 is connected in parallel to
input terminals 3021 and 3031 of synchronous demodu-
lators 302 and 303, which may be conventional “ring
modulators.”

The demodulators 302 and 303 include respectively
“modulating” signal inputs 3021 and 3031 receiving a
low-level signal and “carrier” signal inputs 3022 and
3032 receiving a high-level carrier. The modulated signals
coming out of synchronous demodulators 302 and 303
pass through low-pass type filters 304 and 305. The sig-
nal coming out of filter 304 is applied to controlling ter-
minal 3061 of controlled oscillator 306. The signal com-
ing out of filter 305 is applied to input terminal 3071 of
shaping network 307 which receives at its second input
terminal 3072 the incoming signal from controlled oscil-
lator 306. Oscillator 306 generates a sinusoidal signal of
frequency varying as the voltage applied to its controlling
input 3061. In the absence of this controlling voltage,
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this frequency is very close to the frequency of the ad-
dress signal to which receiver 3 is adapted.

Shaping network 307 operates to transform the variable
frequency sinusoidal signal of oscillator 306 into a signal
of the waveform chosen for the address signals and to
adjust the amplitude of the signal transmitted by it in ac-
cordance with the controlling voltage applied to its input
3071. In the absence of a controlling voltage the ampli-
tude of the signal coming out of network 307 is very near
that of the signal to which receiver 3 is adapted.

The output of shaping network 307 is applied to output
309 of local address signal generator 300. This output is
connected to the input of frequency demodulator 38
so that the address signal of network 307 can frequency
modulate the wave generated by local oscillator 37.

The output of 307 is also connected to the input of
“delaying” network 308 which delays the address signal
by a time equal to one-fourth its period. The output of
delaying network 308 is connected to carrier signal ac-
cess 3022 of synchronous demodulator 302. The output
of 307 is also connected to the input 3032 of synchronous
demodulator 303. . .

The wave generated by local oscillator 37, after fre-
quency modulation by modulator 38, is applied to the
second input to mixer 32. It is assumed that the wave
from local oscillator 37 is of a frequency different from
the carrier frequency common to the various signals ap-
plied to the first input of mixer 32; the signals from mixer
32 have a center frequency which may be equal to the
difference between the carrier frequency of the signals
received at the first input to mixer 32 and the frequency
of local oscillator 37. The common center frequency of
the signals applied to the inputs to improved demodulator
33 and address demodulator 39, is then équal to this
difference. The frequency deviation of the wave out of
mixer 32 is equal to the difference between the frequency
deviation of the wave received at the first input to mixer
32 and that of the wave out of modulator 38. Since the
address signal’s frequency deviation is known in advance,
the amplitude of the signal out of shaping network 307
camn, as a result, be determined in advance with accuracy.
Thus, it can be first assumed that these two amplitudes
are exactly equal and, that the fundamental component
of these signals has a peak amplitude equal of unity.

The received address signal, modulating the incoming
signal, has a fundamental component equal to

cos (2xf,t)

where f; is the address frequency and the signal from
shaping network 307 has a fundamental component equal
to cos (2nfgt+¢). As a result of the mixing, the inter-
mediate frequency output of mixer 32 is frequency modu-
lated by the compound, cos (2#f,t) —cos (2nfat+o).

Since the signal from shaping network 307 is delayed
one-fourth of a period by delaying network 308, the
signal applied to input 3022 of synchronous demodulator
302 bas sin (2#fyt+¢) as its fundamental. The product
of the synchronous demodulation of the signal out of
amplifier 30, with respect to the signal from delaying
network 308 is thus of the form,

sin (2xf t+¢)[cos (2nf,t) —cos (2afat+-¢)]

which equals
Yalsin (4nft+¢)4sin p—sin 2(2rf,t+¢)]

The terms sin (4nfat+9) and sin 2(2xft4-¢) with a
frequency adjacent to 2f, are removed by filter 304.

However, since the frequency of controlled oscillator
306 is very near the address frequency and since, as a
result, ¢ varies slowly in terms of time, the term (%4
sin ¢) remains after filtering through filter 304, and the
signal coming from this filter 304 is thus an error signal
which is used to control, through input 3061, the phase
of controlled oscillator 306. The term (%2 sin @) is can-
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celled when the difference between the phases of the ad-
dress signals received and generated locally by controlled
oscillator 306 and shaping network 307 is equal to zero.

It should be noted that the operation of the system
consisting of oscillator 306, shaping network 307, syn-
chronous demodulator 302, and filter 304 is comparable
to that of a receiver “phase-locked” on the address signal
modulating the incoming wave; a number of articles
were written on phase-locked receivers, in particular an
article by R. Taffe and E. Rechtin entitled “Design and
Performance of Phase-Lock Circuits Capable of Near
Optimum Performance over a Wide Range of Input Sig-
nal and Noise Levels,” published in I.R.E. Transactions
on Information Theory, vol. 1, No. 1, Mar. 1966, pages
66—76. It should also be noted that the phase adjustment
does not depend on the amplitudes of the received and
locally generated address signals.

The adjusting of the amplitude of the sngnal from
shaping network 307 will now be explained, assuming that
angle ¢ is now approximately zero, i.e., assuming that
the phase of controlled oscillator 306 is properly ad-
justed as specified above.

If a; is the amplitude of the received address signal
modulating the incoming signal and a, is the amplitude
of the signal from shaping network 307, then the modu-
lating signal at the output of mixer 32 is equal to
(a;—ay) cos 2xf,t. The amplified signal is applied to
input 3031 of synchronous demodulator 303. Since the
signal applied to the other input 3032 to the same de-
modulator 303 is phased with the signal present at input
3031, an amplitude signal results at the output of filter
305, proportional to (ay—a;), which is used as an error
signal to adjust a,. For that purpose, it is applied to con-
trolling input 3071 to shaping network 307.

Although the address signal waveform was not speci-
fied in the general description of the prior art invention
discussed above, the system devices were described with
the assumption that the address signals were sinusoidal,
inasmuch as it is easy to obtain these waveforms and also
inasmuch as it is expected that selective feedback devices
can be easily implemented for an unmodulated signal.
No theoretical consideration was involved in this choice.

The experience gained while proceeding with the tests
on the invention’s communication system showed that the
choice of a sinusoidal waveform for the address signals
was not particularly favorable. Actually, this choice
implies that different frequency-deviations should be
associated with different address signals, so that the rate
of change of the instantaneous frequency of the signal
applied to the input to the improved demodulator of a
receiver, generated by a modulated signal having an
address signal other than the address signal to which
the receiver is adapted, is larger than a prescribed mini-
mum, to be chosen to limit the interference of this signal
to the demodulation of the wanted signal.

Spacing between the frequency-deviations associated
with adjacent sinusoidal address frequencies is neces-
sary; as a result, the frequency band occupied by the
aggregate signals in the system is considerable, as com-
pared to the band occupled by a communication system
of similar performance, using frequency modulation of
staggered carriers, so that the spectra of the individual
modulated signals are practically separated. One of- the
major reasons for usmg sinusoidal address signals, i.e.,
the apparent ease in realizing the necessary receivers
was, however, proven by experience not to be valid, as
prev1ously indicated. Non-sinusoidal address signals can
be used in the frequency-deviation feedback device of
the invention, and the particular desirability of address
fxgnals of isosceles triangular waveforms will be shown
ater

An isosceles triangular waveform comprises a periodic
alternating signal having an average value of zero, with
an angular point at each half-period, such that the abso-
lute value of its slope (the time derivative of the value
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7 .
f the signal) is constant and alternatively positive
ind negative between these points. As previously indi-
:ated, the specific nature of the address signals with
espect to the communication signals consists in provid-
ng much faster rates of change of the instantaneous fre-
juency. Thus, it is reasonable to use as address signals
'onstant slope waveforms in order to produce a fixed
ate of change of the instantaneous frequency. All address
ignals may then have the same AFa frequency-deviation.

If harmonics of the fundamental frequency fa are
issumed as the address frequency, the rate of change of
he instantaneous frequency of the address signals respec-
ively applied to the inputs to the improved demodulators
f the receivers is continually equal to 4fa-AFa or to. a
nultiple of this value. .

It should be noted that the invention permits the utiliza~
ion of a given frequency and its harmonics, while the
levice described in the prior art does not. Of course,
hese harmonics should be chosen above the useful fre-
[wency band for the communication signals. In addition,
he values for the fundamental frequency fa and the
requency-deviation AFa should be chosen  sufficiently
arge for the product 4fa-AFa to be equal to the required
ninimum. Let K be the highest rank of the harmonics of
undamental frequency fa used as address signals; to
wvoid having the total occupied band much larger than
‘AFa (e.g., Kfa may be of the order of AFa/10), har-
nonic Kfa should remain relatively low with respect to
\Fa. However, fa and AFa can be chosen such as to
ninimize the band occupied by the communication sys-
em signals.

The choice of address frequencies can be based on
he following considerations, Let f1, fy . . . f3, £ . . . £
e the values for the various address frequencies. When
he various signals are transmitted by the transmitters
f the communication system with carrier frequencies
trictly equal, the intermodulation between these various
ignals, in the absence of modulation by the communica-
ion signals, produces, after demodulation, spurious
ignals of frequencies expressed as follows:

f=mfy4-nofo+ . . nif5+ . .. oxfy
vhere ny,ng . . . g0y are any positive or negative integers
T Zero.

If frequencies fy, f; . . ., fyy are any frequencies such
hat the difference between two successive frequencies
emains larger than the upper limit of the useful band,
t is possible to find a combination of numbers
4, Nz . . . 0y such that intermodulation frequency f is
vithin the useful band, considering that such combina-
ions are very numerous.

If, on the contrary, the address frequencies are selected
imong a harmonic series of the form:

fj_ =Kjfai

{1, Ky, . . . Ky, « . . Ky being positive integers, the in-
ermodulation product frequencies become:

. I'lif1

f:(H1K1+n3K2‘+ [ niKi-{— PN +nNKN)fa

For none of these intermodulation products to be
vithin the useful band, in the absence of modulation, it
s sufficient that fundamental frequency fa be larger than
he upper limit of the useful band width.

In the presence of modulation by communication
ignals, the intermodulation products no longer consist
f discreet spectral lines; instead, their frequency
pectrum is a spread spectrum. However, this spectrum
s centered on the spectral lines obtained in the absence
f modulation.

The intermodulation power in the useful band can be
educed to a negligible value by selection of a funda-
nental frequency fa well above the upper limit of the
iseful band; only the intermodulation power related to
he zero frequency term is within the useful band. If
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the chosen harmonics are high enough, ie., if term Ky
relative to the lowest rank harmonic is equal at least
to two or three, the intermodulation power of the zero
frequency term is negligible. In the device of the prior
art, the use of harmonic address frequencies is not pos-
sible inasmuch as a system receiver could mistake an
address frequency harmonic of a lower rank for its own
address frequency.

It now remains to be shown that in implementing the
necessary receivers of the invention, harmonic address
frequencies can be chosen with no interference to the
réceiver synchronization. As previously mentioned, the
error signals for the accurate phase and amplitude ad-
justment of address signals from the local generator are
obtained in the invention’s device as follows:

For the amplitude error signal: by synchronous de-
modulation of the signal from the frequency demodula-
tor of this device with respect to the local address signal
itself;

For the phase error signal: by synchronous demodula-
tion of the same signal, with respect to the same local
address signal, but time staggered by one-fourth of its
period.

This synchronoiis demodulation can be obtained by
means of a balanced modulator such as a conventional
ring modulator, for instance, where the signal, called
“carrier signal,” in relation to which the modulation
is performed, makes the diodes alternatively conducting
and non-conducting; it is as if the modulated signal were
multiplied by a periodic series of a frequency equal to the
signal frequency, capable of only assuming, in time,
values of —1 and 41 (square carrier signal). This syn-
chronous demodulation is, of course, realized by low-
pass filtering.

If the signal to be demodulated is periodic, but not
sinusoidal, the product of its even harmonics times the
square carrier signal has an average value of zero; the
same does not hold true in respect to the average for odd
harmonics. As a result, these odd harmonics perturb the
receiver synchronization. Therefore, it is possible to use
harmonic address frequencies, provided they make up
an incomplete series of harmonics, such that no address
frequency is an odd harmonic of another. As an example,
the harmonics of such a series of the order:

3, 4,5 6,...23, etc, can be used as address fre-
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In the specific case when the isosceles triangular wave-
form is chosen for the address signals, local address sig-
nal generator 300 can be designed more simply. This de-
sign is shown in FIGURE 3. The components common
to both generators in FIGURE 2 and FIGURE 3 are
designated by the same reference numbers. Input 301 to
local address signal generator 300 of FIGURE 3 is con-
nected in parallel to signal inputs 3021 and 3031 of
synchronous demodulators 302 and 303. The output of
demodulator 302 is connected to the input to low-pass
type filter 304, whose output is connected to controlled
oscillator 306.

The output of oscillator 306 is connected to input
3022 of synchronous demodulator 302 and to the input
of shaping network 307. The shaping network 307 con-
sists of a conventional type square wave shaping gen-
erator 307;, a variable gain amplifier 307,, whose gain
varies according to the voltage applied to its controlling
input 307, and a conventional type integrator 307; whose
output 309 is that of shaping network 307. The output
309 is connected to the output terminal of local address
generator 300 and to. input 3032 of synchronous de-
modulator 303, whose output is connected to low-pass
type filter 305. The output of filter 305 is connected to
controlling terminal 3071 of amplifier 307, of shaping
network 307.

The emplitude adjustment of the signals delivered by
local address signal generator 300 is based on the change
of gain of variable gain amplifier 307, The controlling
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voltage applied to controlling terminal 307; causes the
amplitude of the incoming signal from shaping network
307 to vary. The connections between controlled oscil-
lator 306, shaping network 307, synchromnous demodu-
lator 303, and low-pass filter 305 are identical to those
between their corresponding devices in FIGURE 2, and
the operating process is the same.

With respect to adjusting the phase of this alternative
to local address signal generator 309, the one-fourth
period delay, between the zero-crossings of the signals
entering and coming from shaping network 307, makes
delaying network 308 (FIGURE 2) unnecessary. This
network can thus be eliminated and the signals gen-
erated by controlled oscillator 306 can be applied to car-
rier input 3022 of synchronous demodulator 302.

Another advantage of the frequency-deviation feed-
back device covered by the invention is the ease with
which the device’s locking requirements are implemented.
It is sufficient to select, in the absence of controlling
voltage, a value for the local generator’s own frequency
of address frequency, slightly different from that of the
corresponding generators included in the communication
system transmitters, to achieve a short-term variation of
the phase difference between the local address signal and
the received address signal, before the invention’s feed-
back device is locked in phase on the received address
signal. Thus, the phase difference has at a given time a
value which is within the range in which the feedback
becomes effective and, therefore, the locking can occur.
Also, the addition of significant noise, resulting from the
large band width under normal operating conditions, has
little significance since the correcting signal derived from
the address signal demodulated by synchronous demodu-
lation with respect to the address signal generated locally
is passed through a very narrow band filter before being
used.

While the invention has been particularly shown and
described with reference to preferred embodiments
thereof, it will be understood by those in the art that
the foregoing and other changes in form and details may
be made therein without departing from the spirit and
scope of the invention.

What is claimed is:

1. In a communication receiver adapted to receive
F.M. signals modulated by information and address sig-
nals and to detect only information associated with an
assigned address, said receiver being of the type which
includes an improved F.M. demodulator and a mixer
connected between the receiving end of the receiver and
the input to the improved demodulator, the combination
comprising,

(a) extracting means connected to said mixer for ex-
tracting the assigned address signal from said mixer
output,

(b} a voltage controlled variable address frequency
oscillator means for generating a local address fre-
quency signal,

(c) phase error means responsive to said local ad-
dress frequency signal and the output of said ex-
tracting means for providing a phase error signal,
said phase error signal being connected to the con-
trol input of said variable address frequency oscil-
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lator means, said phase error means being connected
to the outputs of said extractor means and said
variable address frequency oscillator means,

(d) wave shaping means connected to the output of
said variable address frequency oscillator means and
having an amplitude controlling input for wave shap-
ing and amplitude controlling said local address
frequency signal,

(e) amplitude error means responsive to the output of
said wave shaping means and the output of said ex-
tracting means for providing an amplitude error
signal which is connected to said amplitude control-
ling input, of said wave shaping means, said ampli-
tude error means being connected to the output of
said wave shaping means and said extracting means,

(f) a local oscillator means for generating a local car-
rier signal, and

(g) an F.M. modulator means having inputs connected
to the outputs of said local oscillator means and said
wave shaping circuit means for frequency modulat-
ing said local carrier signal with the output from
said wave shaping circuit, the output of said F.M.
modulator being connected to said mixer.

2. The combination as claimed in claim 1 wherein said
extracting means comprises an F.M. demodulator in
series with a filter centered on the frequency of the as-
signed address signal.

3. The combination as claimed in claim 2 wherein
said amplitude error means comprises a synchronous de-
modulator and a low-pass filter connected to the output
of said synchronous demodulator.

4. The combination as claimed in claim 2 wherein said
phase error means comprises, means for delaying the
phase of the address signal from the voltage controlled
variable address frequency oscillator means by a quarter
wave length, a synchronous demodulator having one in-
put connected to the output of said delaying means
and the other input connected to the output of said filter,
and a low-pass filter connected to the output of said
synchronous demodulator.

5. The combination as claimed in claim 3 wherein said
wave shaping means is an isosceles triangular wave shap-
ing circuit.

6. The combination as claimed in claim 5 wherein said
phase error means comprises a synchronous demodu-
lator and a low-pass filter connected to the output of said
synchronous demodulator.

References Cited

The following references, cited by the Examiner, are
of record in the patented file of this patent or the original
patent.

UNITED STATES PATENTS

3,204,240  8/1965 McKay oo _____ 250—199
3,231,822 1/1966 Tillotson .__________ 325—346
3,383,597 5/1968 Battail .. __________ 325—-34
FOREIGN PATENTS
526,591 6/1956 Canada.

ALBERT J. MAYER, Primary Examiner



