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[57] ABSTRACT

A stereo receiver is described which is capable of re-
ceiving any two or more of the five currently proposed
AM stereo system broadcast signals. The multisystem
receiver includes circuitry which is used in various
configuration to demodulate the stereo signal compo-
nents from broadcast signals of any one of two or more
of the proposed systems. Selection of appropriate ele-
ments of the receiver’s circuitry for demodulating any
one of the received signals is performed automatically
in response to the detection of the presence of a corre-
sponding pilot signal which is unique for each of the
five different AM stereo systems that have been pro-
posed. The receiver includes apparatus which detects
the presence of such pilot signals and controls the auto-
matic switching of such receiver circuitry. Also de-
scribed is the application of such apparatus for reliably
detecting the presence of the desired pilot signal in a

single system stereo receiver.

18 Claims, 4 Drawing Sheets
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MULTIPLE SYSTEM AM STEREO RECEIVER
AND PILOT SIGNAL DETECTOR

"~ Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This application is a reissue of Ser. No. 298,230 filed
 Aug. 31, 1981, now U.S. Pat. No. 4,426,728.

This invention relates to amplitude modulation (AM)
stereo receivers, and particularly to AM stero receivers
which are capable of receiving broadcast stereo signals
having composite amplitude and angular modulation
impressed on a carrier according to different composite

. modulation standards.

At least five different approaches have been proposed
for the implementation of stereophonic broadcasting in
connection with the existing AM radio service. See, for

10

15

20

example, the article entitled “AM Stereo: Five Compet- .*

ing Options”’published in the IEEE “Spectrum” maga-
zine of June 1978, at page 24, and the public file of the
Federal Communications Commission’s (FCC'’s)
Docket No. 21313, the AM Stereo Broadcasting pro-
ceeding. Each of the five systems described therein uses
a different modulation technique for providing an add-
on stero capability to AM transmitters and suitably
equipped receivers. All five proposed systems provide a
composite transmitted signal which has a compatible
signal format so that existing monophonic AM receiv-
ers can detect a monophonic audio signal component
from the composite signal which is transmitted in each
of the systems. In addition to the monophonic signal
component, receivers which are specially equipped for
any one of the proposed composite modulation stan-
dards will receive a stereophonic signal component,
which differentiates left (L) and right (R) audio infor-
mation and can be decoded and combined with the
detected monophonic signal component in order to
provide stereophonic sound.

One of the proposed AM stereo systems utilizes am-
plitude and frequency modulation (AM/FM) to de-
velop a composite signal for transmission. In accor-
dance with this proposed system, a carrier is frequency
modulated with information corresponding-to-the dif-
ference between left and right stereo audio signals
(L —R). The frequency-modulated carrier is than ampli-
tude modulated with a signal corresponding to the sum
of the left and right stereo aundio signals (L 4+ R), which
is equivalent to standard monophonic amplitude modu-
lattion (AM), and the resuiting composite signal is
broadcast. As a result, a conventional AM receiver,
which utilizes an envelope detector, detects the AM or
(L+R) components of the composite signal and pro-
vides monophonic reception. A specially equipped ste-
reo receiver will also detect the frequency modulation
or (L—R) component of the composite signal. The
resulting (L —R) representative audio signal can be
combined with the (L +R) sgnal in an additive and
subtractive matrix to produce separate (L) and (R) out-
put audio signals for stereo listening.

Another of the proposed systems utilizes phase mod-
ulation instead of frequency modulation of the carrier
(AM/PM) to transmit stereo difference (L —R) infor-
mation. In this system the phase-modulated carrier is

25
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then amplitude modulation with (L. 4+ R) information to
develop a composite signal which is then transmitted.

Yet another of the proposed systems utilizes a modu-
lation technique known as compatible quadrature am-
plitude modulation (CQUAM) to provide a modified
phase modulation of a carrier with (L —R) information.
The phase-modulated carrier is thereafter amplitude
modulated with (L +R) information to develop a com-
posite signal. This composite signal may also be viewed
as consisting of a pair of carriers at the same frequency
but separated in phase by 90 degrees (quadrature carri-
ers), where one carrier is amplitude modulated with left
(L) stereo audio information and the other with right
(R) stereo information.

Still another of the proposed systems is knnwn as the
variable compatible phase multiplex (V-CPM) system
and is a modified form of quadrature system. In this
system two carriers at the same frequency are separated
in phase by an amount which varies between 30 degrees
and 90 degrees depending on the content of the audio
signals being transmitted. One of these carners is ampli-
tude modulated with left (L) stereo audio information
and the other with right (R) stereo information and the
two are linearly combined. The resultant signal can be
resolved mto an in-phase component representative of
(L +R) information and a quadrature-phase component
representative of (L —R) information. (I. —R) informa-
tion below 200 Hz. is eliminated to provide room for a

" frequency-modulated, low frequency (55 to 96 Hz) pilot

30

signal which performs two functions. It indicates the

~ presence of a stereo broadcast, and its modulation com-
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municates to specially equipped stereo receivers the
instantaneous phase angle between the two variable-
angle carriers in this system so that such receivers can
track the resulting vanation in phase modulation in the
transmitted signal. In a corresponding stereo receiver
the composite signal may be envelope detected to pro-
vide an (L4 R) audio signal and quadrature synchro-
nous detected to derive a signal which represents the
(L —R) audio information. The pilot signal is separately
detected and its modulation can be used to vary the gain
of the (L. —R) signal channel to provide the equivalent
of a vaniable-angie receiver which tracks the broadcast
signal. The resulting (L+R) and gain-controlled
(L—R) signals are then combined in a conventional
stereo matrix to develop (L) and (R) signals. In addi-
tion, the developer of this system has proposed a simpli-
fied receiver in which the gain of the (L —R) channel is
not varied. This corresponds to receiving the variable-
angle broadcast signal at a compromise fixed angle,
instead of tracking the angle variation.

Finally, there 13 a proposed system known as the
independent sideband (ISB) system. This system phase
modulates the carrier with a suitably modified (L —R)
signal and then amplitude modulates the phase-
modulated carrier with an (L +R) signal, where the
(L +R) and (L — R) signals have been phase shifted so as
to be 1n quadrature relationship. As a result, the lower
sidebands of the resulting composite signal contain pri-
marily left (L) stereo information whereas the upper
sidebands contain primarily right (R) stereo information
(hence the name “ISB’). This system is also described in
the inventor’s U.S. Pat. Nos. 3,218,393, 3,908,090 and
4,018,994,

The composite signal transmitted by each of the pro-
posed systems includes a low-frequency pilot signal
component for identifying the presence of a stereo
broadcast. Because the pilot signal frequencies are dif-
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ferent for each of the above-mentioned systems
(AM/FM-20Hz; AM/PM-5Hz; CQUAM-25 Hz;
VCPM-55 to 96 Hz; and ISB-15Hz) they also inherent-
ly identify the modulation approach used in each com-
posite signal.

More detailed descriptions of these systems appear in
the aforementioned IEEE Spectrum article, in the pub-
lic file of FCC Docket 21313, and in various patents
which have been issued to the proponents of these sys-
tems.

Despite significant differences in performance of the
various proposed systems, the FCC has had difficulty in
its attempt to choose one of these systems as the basis for
a national standard for AM stereo broadcasting. As a
result, the FCC is considering authorizing more than
one of these systems. In this case the normal forces of
free competition in the marketplace will be allowed to
determine whether one of the systems will eventually
become the predominant AM stereo system, or whether
two or more system can coexist.

It is, therefore, an object of the present invention to
provide a receiver capable of receiving AM stereo sig-
nals which have composite modulation according to
any one of two or more of the various proposed modu-
lation techniques.

It is a further object of the present invention to pro-
vide an AM stereo receiver capable of detecting the
pilot signal used in conjunction with any one of the
various proposed AM stereo broadcast techniques.

It is a further object of the present invention to provide 30

an AM stereo receiver capable of automatically distin-
guishing, by reason of the pilot signals, which of the
various proposed modulation techniques is being used
in a particular received AM stereo broadcast signal.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided in a receiver for stereophonic broadcast sig-
nals which include a modulation component comprising

a pilot signal having a selected frequency charactenstic, 40

apparatus for determining the presence or absence of
such pilot signals. In such apparatus there is provided
means for detecting received signal components which
lie within a first band of frequencies which includes said
pilot signal, and for also detecting received signal com-
ponents which lie within at least one other band of
frequencies located above or below the first band.
There is also provided means for evaluating the signals
detected in such first and other bands, and for develop-
ing an output signal which indicates when signals in the
first band exceed a first level and signals in the other
band do not exceed a second level.

In accordance with another aspect of the present
invention there is provided in a receiver for a plurality
of different types of AM stereophonic broadcast signals,
each of which includes a modulation component com-
prising a pilot signal having a selected frequency char-
acteristic that is unique to that type of AM stereophonic
broadcast signal, apparatus for determining the pres-
ence of any one of such pilot signals, thereby indicating
which type of AM stereophonic broadcast signal is
being received. The apparatus includes means for de-
tecting received signal components which lie within a
plurality of narrow frequency bands, each of which
includes only one of said pilot signals. There 1s also
included means for evaluating the signals detected in
each of such frequency bands, and for developing an

output signal which indicates when signals in one of
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the bands exceed a predetermined level and signals in all
other bands do not exceed said level and which also
indicates which of the plurality of bands such one band
is, thereby indicating which type of AM stereophonic
broadcast signal is then being recetved.

Finally, in accordance with another aspect of the
present invention, there is provided a recetver for re-
ceiving and demodulating composite amplitude-
modulated (AM) stereophonic broadcast signals com-
prising a carrier having amplitude modulation, repre-
sentative of stereo sum (L + R) information, and angular
modulation, representative of stereo difference (L —R)
information, impressed on the carrier according to one
of at least two composite modulation techniques, the
angular modulation further including a pilot signal com-
ponent having a selected frequency characteristic rep-
resentative of such one coniposite modulation tech-
nique. Such a receiver includes means for receiving
composite AM stereo signals and for converting such
signals to corresponding intermediate frequency (IF)
signals. It also includes means for amplitude demodulat-
ing said IF signal to derive therefrom a signal represen-
tative of the (L. +R) information. The system also in-
cludes angular demodulating means for demodulating
such IF signal according to the requirements of the first
and second composite modulation techniques to de-
velop corresponding first and second audio frequency
output signals representative of (L —R) information
transmitted according to such first and second compos-
ite modulation techniques. There is provided means for
detecting received signal components which lie within a
first narrow band of frequencies which include the pilot
signal which is representative of such first composite
modulation technique, and for also detecting received
signal components which lie within a second narrow
band of frequencies which include the pilot signal
which is representative of such second composite mod-
ulation technique. The receiver also includes means for
evaluating the signals detected in the first and second
bands and for developing one or more output signals
which indicate when signals in only one of the fre-
quency bands exceed a predetermined level and In
which of the two bands such signals lie. The recetver
further includes means, responsive to the output of the
evaluating means and having the first and second audio
output signals supplied thereto, for passing such first or
second signal only when the output of the evaluating
means indicates that the corresponding pilot signal 1s
present in the received signal. The receiver finally in-
cludes means for utilizing the (L +R) representative
signal and the audio signal passed by such last men-
tioned means for deriving left (L) and right (R) stereo
audio output signals.

For a better understanding of the present invention,
together with other and further objects thereof, refer-
ence is made to the following description, taken in con-
junction with the accompanying drawings, and its
scope will be pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially schematic and partially block
diagram of an AM stereo receiver in accordance with
the present invention.

FIG. 2 is a block diagram of a pilot signal detecting
apparatus in accordance with the present invention.

FIG. 3 is a block diagram of an alternative embodi-
ment of a pilot signal detecting apparatus in accordance
with the present invention.
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FIG. 4 is a block diagram of another alternative em-
bodiment of a pilot signal detecting apparatus in accor-
dance with the present invention.

FIG. 5§ 1s a schematic diagram of a logical circuit
usable in the present invention.

FIG. 6 1s a schematic diagram of another logic circuit
usable in the present invention.

FIG. 7 i1s a partially schematic and partially block
diagram of a control circuit and pilot signal detector in
accordance with the present invention.

FIG. 8 is a block diagram of a pilot signal detector
using a microprocessor to provide digital filtering.

DESCRIPTION OF THE INVENTION

FIG. 1illustrates a muiti-system AM stereo receiver 10
embodying the present invention in one form. For
purposes of example, receiver 10 is capable of recetving
AM stereo signals incorporating three of the proposed
modulation approaches: (ISB) AM stereo signals,
(AM/PM) stereo signals, and (CQUAM) stereo signals.
Also shown in receiver 10, indicated by dotted line
connections, are additional circuit elements for receiv-
ing (AM/FM) stereo signals and (V-CPM) stereo sig-
nals, as will be further described. The receiver of FIG.
1 includes a receiving anienna 12, coupled to suitable
RF, frequency transiation, and IF circuitry 14, which,
may be of conventional design. The IF output of unit 14
1s coupled to an AM demodulator 16, which may be a
conventional envelope detector or other suitable ampli-
tude modulation detector for detecting the AM compo-
nent of supplied IF signals. The output of demodulator
16 is coupled directly to gate 18 and it also coupled to
gate 22 via phase shift network 20, which provides a
relative phase shift of approximately 45 degrees for
audio frequencies over a reasonably wide band such as
100-5000 Hz. Phase shift network 20 is required for ISB
stereo signal decoding in accordance with the phase
shift technique which is well understood in the art. Gate
22 is activated by an ISB control signal designated (B),
which 1s developed when an ISB pilot signal is detected
by circuits 94, 96, as will be further described. In the
absence of control signal (B), herein designated as a
“zero” signal state, inverter 28 provides a signal to
maintain gate 18 open, which allows the non phase-
shifted output of AM demodulator 16 [representative
of (L +R), or stereo sum information] to be applied to
stereo matrix 30 over lead 24. When the ISB AM stereo
signal is being received control signal (B) changes to a
“one™ signal state which opens gate 22. Inverted con-
trol signal (B) closes gate 18, and the phase-shifted out-
put signal from AM demodulator 16 is thereby supplied
to stereo matrix 30 over lead 24.

Matrix 30 is also provided with an (L —R) stereo
difference information signal over lead 32, which is
developed by demodulating the IF signal from unit 14
according to the particular sterec modulation technigue
used in the AM stereo signal then being received, as will
be further described hereinafter. Matrix 30 may be a
conventional stereo matrix such as is currently used in
FM stereo receivers. Matrix 30 adds and substracts the
audio (L +R) and (L —R) signals thereby deriving sepa-
rate (L) and (R) audio output signals which are pro-
vided on output leads 34 and 36 and may be coupled to
speakers 38 and 40, respectively.

The remaining circuits of the receiver 10 include
circuit portion 42 which is provided for phase demodu-
lating received signals which have stereo difference
(L—R) modulation components according to the
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6
AM/PM or CQUAM modulation techniques. Circuit
portion 44 is provided for demodulating received sig-
nals which have (L —R) modulation components ac-
cording to the ISB modulation technique.

Gates 46, 48 and 50 are provided with control signals
(A), (C), and (B), respectively, which open the respec-
tive gates when logic circuit 96 determines that an
AM/PM, CQAM or ISB AM stereo signal, respec-
tively, is being received, based on the detection of the
corresponding pilot signal. For example, if logic circuit
96 determines that an AM/PM stereo signal is being
received, control signal (A) is outputed, which opens
gate 46, thereby to supply a corresponding (L —R)
signal to matrix 30. If logic circuit 96 determines that an
ISB AM stereo signal is being received, it provides a
control signal (B) to open gate 50, thereby allowing the
corresponding (L —R) signal to be supplied to matrix
30. As stated previously, control signal (B) also changes
the states of gates 18 and 22, thereby allowing the
phase-shifted (L. 4+ R) sgnal from network 20 to be sup-
plied to matrix 30. In the event that logic circuit 96
determines that a CQUAM stereo signal is being re-
ceived, it provides a control signal (C) to open gate 48,
thereby allowing the corresponding (L. —R) signal to be
supplied to matrix 30. In the absence of any of the con-
trol signals (A), (B) and (C), only gate 18 is open, be-
cause of inverter 28, and, therefore, the receiver pro-
vides only monophonic performance, since only an
(L+R) signal is applied to matrix 30.

The receiver elements 42 for phase demodulating
AM/PM stereo signals include a limiter 52, which pro-
vides appropriate limiting (for example 40 db) for re-
ceived AM/PM and CQUAM composite signals. Lim-
iter §2 effectively removes AM from the supplied IF
signal and provides the limited signal (containing PM
components) to discriminator 54, which performs fre-
quency demodulation of the limited signal. The output
signal from discriminator 54 is amplified in amplifier 58
and corresponds to frequency variations of the limited
signal. Capacitor 56 is selected to provide an IF bypass
for the output of discriminator 54. Resistor 60 and ca-
pacitor 62 form an integrating circuit which converts
the frequency-demodulated signal, available at the out-
put of amplifier 58, to a phase-demodulated signal rep-
resentative of (L. —R), which is then supplied, via gate
46, to matrix 30 in the event control signal (A) 1s present
to indicate that the received signal is an AM/FM type
stereo signal. The phase demodulated signal is also pro-
vided to the combination of tangent circuit 66 and mul-
tiplier 68, which modifies the phase demodulated signal
as required by the CQUAM stereo technique. The rea-
son for this modification, as well as alternative circuitry
for achieving the same result, are disclosed in the refer-
ences cited previously herein and in U.S. Pat. No.
4,172,966. Muitiplier 68, in accordance with the teach-
ing of that patent, is provided with an (L +R) signal
derived from the output of AM demodulator 16 over
lead 70. The output of Multiplier 68 is supplied to ma-
trix 30, via gate 48 if control signal (C) is present to
indicate that the received signal is a CQUAM stereo
signal.

Circuit portion 44 contains components which are
used in connection with the demodulation of ISB stereo
signals to produce a corresponding stereo difference
(L—R) signal. These components include a carrner
tracking circuit 72, which regenerates the original car-
rier frequency signal, for example by use of one or more
phase-locked loops as described more fully in the inven-
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tor’s U.S. Pat. Nos. 3,973,203 and 4,081,994. The IF
signal from unit 14 is coupled to carrier track circuit 72
and is also coupled to multiplier 76 wherein it is com-
bined with a non-linear derivative of the demodulated
stereo sum signal supplied from AM demodulator 16 via
lead 73. The operation performed by the combination of
nonlinear circuit 74 and multiplier 76 is also known as
inverse amplitude modulation or simply inverse modu-
lation, and is more fully described in the inventor’s prior
U.S. Pat. No. 4,018,994. The output of multiplier 76 is
combined with the regenerated carrier in a further mul-
tiplier 78, which functions as a synchronous quadrature
detector and whose output is a corresponding stereo
difference (L —R) signal, which is amplified in amplifier
80 for equalization with respect to the stereo sum signal
(L+4+R) channel. However, in accordance with the
phase shift technique for ISB stereo signal detection, the
(L —R) signal present at the output of detector 78 must
be phase shifted by 45 degrees. This is a accomplished in
phase shift network 86. The resulting phase shifted
(L—R) signal is supplied to matnix 30 via gate 50. Gate
S0 opens when provided with a control signal (B) from
logic circuit 96, indicating that an ISB stereo signal s
being received. |

Additional circuits are shown connected by dotted
lines in FIG. 1 for implementation of additional AM
stereo reception capability. Lead 100 and gate 102 pro-
vide a corresponding frequency demodulated (L —R)
signal to matrix 3 in the event an (AM/FM) stereo
signal is being received, which is indicated when con-
trol signal (D) is outputted from logic 96. Lead 104 and
quadrature detector 106 are provided for simplified
fixed-angle demodulation of the (. — R) component of a
V-CPM stereo signal. The output of quadrature detec-
tor 106 is supplied to amplifier 108 which provides
increased amplification with respect to the stereo sum
signal (L +-R) channel (AM demodulator 16 and gate 18
in this case) for signal equalization. The output of ampli-
fier 108 is provided to matrix 30 via gate 110 when
control signal (E) is provided by logic circuit 96, indi-
cating the reception of a V-CPM stereo signal.

In the foregoing description, reference has been made
to the existence of different pilot signal components in
the received stereo signals, which are used to determine
which type of stereo signal is being received (i.e.
AM/PM, CQUAM or ISB) so that appropriate demod-
ulation circuitry may be engaged. As noted previously,
each of the different AM stereo modulation techniques
proposed uses a low frequency pilot signal (frequency
of phase modulated on the carrier) in order to indicate
to stereo receivers the presence of a stereo broadcast.
Because the frequency of this pilot signal 1s different for
each of the five AM stereo systems considered herein,
the pilot signal can be used in an AM stereo receiver to
identify which stereo broadcast technique is being re-
ceived. As noted earlier, the AM/PM stereo system
used a pilot signal of 5 Hz in the stereo difference signal
channel. The ISB system uses a 15 Hz. pilot signal, the
AM/FM systems uses a 20 Hz. pilot signal, and the
CQUAM system uses a 25 Hz. pilot signal. Finally, the
V-CPM system uses a pilot signal which varies between
55 Hz and 96 Hz. Since the V-CPM pilot signal frequen-
cies are in the audible range, it is necessary to eliminate
them from the stereo signal output of the (L —R) chan-
nel for V-CPM stereo signal reception. Accordingly,
highpass filter 109 is provided in the V-CPM (L—R)
signal channel portion of the multiple-system AM ste-
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8

reo receiver shown in FIG. 1 for passing signals above
200 Hz., for example.

The receiver 10 of FIG. 1 makes use of the various
pilot signal components in received AM stereo signals
to generate control signals (A), (B) and (C) [and also
(D) and (E) if the additional dotted line circuitry is
incorporated in the receiver]. The control signal gen-
erating circuits rely on the fact that different pilot signal
frequencies are used in each of the different AM stereo
systems. The control signals generated in response to
reception of the different pilot signals indicate which, if
any, of the AM stereo signal types is being received and
activates gates 46, 48, 50, 102 and 110 according to the
type of stereo signal received, thereby to couple the
corresponding (I. — R) stereo difference signal to matrix
30. Gates 18 and 22 are also activated by the control
signal (B) to provide appropriate gating of the stereo
sum signal (L +R) according to whether an ISB stereo
signal, or another type of stereo signal, or a monopho-
nic signal is being received.

The detection of the different pilot signals i1s per-
formed by pilot signal detector 94 operating in conjunc-
tion with logic circuit 96, the latter of which generates
the control signals (A) through (C), or (A) through (E),
on corresponding separate output leads 98. The input
signal for pilot signal detector 94 is taken from the out-
put of frequency detecting circuitry 54, 56, 58, which is
integrated by resistor-capacitor combination 60, 62 to
provide a phase-demodulated audio signal. Since all five
of the proposed AM stereo systems make use of angular
modulation technigues to transmit the pilot signals, it is
possible to detect the pilot signal for all systems from
this phase-demodulated signal. However, the pilot sig-
nal component can be detected in any angular demodu-
lated signal, such as the frequency-demodulated signal
which exists at the output of discriminator 34 or the
output of quadrature detectors 78 and 106. As used
herein the term angular modulation includes both fre-
quency modulation and phase modulation. It 1s recog-
nized that all of the systems make use of slightly differ-
ent forms of angular modulation for the stereo differ-
ence (L.—R) signal, but the phase-demodulated signal
which appears between resistor 60 and capacitor 62 will
contain the pilot signal component for any of these
systems, although it may be shifted in phase or ampli-
tude with respect to the stereo difference signal (L —R)
component as properly demodulated. The demodulated
pilot signals are amplified by transistor 88, which is
connected across low resistance load 90, and provided
over lead 91 to pilot signal detector 94. This demodu-
lated signal is also provided to start circuit 92 which
detects sudden substantial changes in the output of the
phase demodulation circuitry. Such changes indicate
either that the receiver has initially been turned on and
has started to receive 2 station, or that the receiver has
been returned to a different frequency in the AM broad-
cast band and a new station has begun to be received by
the receiver. Sudden changes in the phase demodulation
circuit output trigger an output signal from circuit 92,
thereby starting the pilot signal detection process which
is carried out by detector 94 and logic circuit 96, as will
be further described. As an alternative to detecting
changes in the phase demodulation output, the same
result could be achieved by detecting directly the oper-
ation of the receiver’s on/off and turning controls.

Capacitor 82 comprises an IF bypass capacitor which
is connected in the ISB stereo signal receiving circuit
portion 44. Switch 84 1s used in one embodiment to
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provide a timing signal for pilot signal detector 94 and
makes use of capacitor 82. It will be recognized by those
skilled in the art that capacitor 82 could be directly
connected to the output of quadrature detector 78, in
which case switch 84 could be connected to capacitor
36 or to a separate capacitor provided only for use in
connection with the timing of pilot signal detector 94, as
will be further described.

Referring to FIG. 2, there is shown in block diagram
form a pilot signal detecting circuit 94’ which is usable
not only in the multiple-system AM stereo receiver of
FIG. 1, but also in single system AM stereo receivers as
will be described hereinafter. The output of amplifying
transistor 88 in FIG. 1 is supplied over lead 91 to band-
pass filters 112, 114 and 116. In a single system receiver,
where only a single pilot signal must be detected, band-
pass filters 112, 114 and 116 are narrowband filters ar-
ranged to pass bands of frequencies respectively below,
at, and above the desired pilot signal frequency. Thus, if

10

15

the circuit 94’ of FIG. 2 is used to detect only an ISB 20

AM stereo pilot signal, for example, filter 114 would be
a narrowband filter which passes 15 Hz. plus and minus
approximately 2.5 Hz, for example. In this case, filter
112 would be tuned below the nominal pilot signal fre-
quency and would pass, as an example, 10 Hz. plus and
minus 2.5 Hz. and filter 116 would be tuned to a fre-
quency higher than the expected pilot signal, for exam-
ple, 20 Hz. plus and minus 2.5 Hz. Each of the filters
112, 114 and 116 is coupled to a corresponding one of

the detecting circuits 119, 120 and 122 and then to one 30

of the threshold circuits 124, 126 and 128. If only a pilot
signal at the nominal pilot signal frequency of 15 Hz. is
present on lead 91, with sufficient amplitude, detector
120 will provide a signal which exceeds the threshold
set in threshold circuit 126 and thereby sets flip-flop
132. Since it has been assumed that there are substan-
tially no signals within the passbands of filters 112 amd
116, flip-flops 130 and 134 will not be set by the corre-
sponding threshold circuits 124 and 128. In the event
substantial noise or other spurious signals are present on
lead 91, it is anticipated that the noise will be sufficiently
broadband so that detectors 119, 120 and 122 will all
develop sufficient output to trigger their corresponding
threshold circuits 124, 126, 128, thereby setting all flip-
flops 130, 132 and 134. For lower noise levels or noise
having a different spectral content, only two of the
flip-flops, for example 130 and 132 or 132 and 134,
might be set. After a time interval sufficient for the
narrowband filters 112, 114, 116 and detectors 119, 120,
122 to respond to a received pilot signal and/or noise,
the logic circuit 96’ evaluates the outputs of flip-flops
130, 132 and 134 and provides an output signal (B) on
lead 142 indicating the existence of the desired 15 Hz
pilot signal only if corresponding flip-flop 132 is set and
the other flip-flops 130 and 134 are not set. In the event
more than one flip-flop is set, logic circuit 96’ concludes
that the flip-flops were triggered by noise or other spu-
rious signals and does not generate any output signal.
In the configuration shown in FIG. 2, the pilot signal
detector 94’ and logic circuit 96° also may be used for
detecting three pilot signals corresponding to three of
the five proposed AM stereo systems. In one embodi-
ment, which is illustrated by the solid lines of the re-
ceiver 10 of FIG. 1, the receiver is adapted to receive
three types of AM stereo transmissions. The first type,
designted by control signal (A), is the AM/PM tech-
nigue, which has a pilot signal frequency of 5§ Hz. The
second type, designated by control signal (B), is the ISB
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technique, which has a pilot signal frequency of 15 Hz.
The third type, designated by control signal (C), is the
CQUAM technique, which has a pilot signal frequency
of 25 Hz. If the circuit 94’ shown in FIG. 2 1s to be used
in connection with the detection of these three pilot
signals, filters 112, 114 and 116 would be arranged to
each pass only one of the pilot signal frequencies. Ac-
cordingly, filter 112 would be arranged to pass 5 Hz.
plus and minus 1 Hz., filter 114 would be arranged to
pass 15 Hz. plus and minus 1 Hz. and filter 116 would be
arranged to pass 25 Hz. plus and minus 1 Hz. Each of
the flip-flops 130, 132 and 134 would, therefore, be set
by an output of threshold detectors 124, 126 and 128
which indicates the existence of the corresponding pilot
signal. Again, logic circuit 96’ determines which of
flip-flops 130, 132 and 134 have been set and provides a
control signal output on one of the control leads 140,
142 and 144 indicating the presence of one of the pilot
signals only if its corresponding flip-flop has been set
and the other flip-flops have not been set. If any two or
more of the flip-flops are set, no output control signal is
generated by logic circuit 96’. It is desirable that only by
such a clear indication of a received pilot signal should
receiver 10 be placed in a stereo reception mode by
activation of the gate or gates corresponding to the
stereo modulation technigue indicated by the received
pilot signal.

Logic circuit 96’ is reset by the output of start circuit
92 over lead 93 as indicated in FIG. 2 and this signal 1s
also used to reset flip-flops 130, 132 and 134. Logic
circuit 96’ is also provided with a timung signal T3
which indicates the time at which the outputs of flip-
flops 130, 132 and 134 should be evaluated, as will be
further explained. Output 136 from logic circuit 96" may
be provided to indicate that no clear decision has been
made that any of the pilot signals has been received,
thereby to cause receiver 10 to operate in its monopho-
nic mode. Logic circuit 96’ also includes an output lead
138 which is connected to stereo indicator lamp 139.
Circuit 96’ provides a signal on lead 138 whenever any
one of the control signals (A), (B) or (C) is generated.

FI1G. 3 is a block diagram of an alternative embodi-
ment of a pilot signal detector and logic circuit in accor-
dance with the present invention. The pilot signal de-
tecting circuit embodiment 94, shown in FIG. 3, is use-
ful in connection with detecting pilot signals for as
many as all five of the AM stereo broadcast systems
described previously herein. Referring to FIG. 3, there
is shown a control circuit 146 which receives a start
signal from start circuit 92 over lead 93. The control
unit 146 provides control signals to a voltage-con-
trolled, narrowband bandpass filter 148, to threshold
detector 150, to flip-flops 152, 154, 156, 158 and 160, and
to logic circuit 96. The control voltage supplied to filter
148 initially sets this filter to the frequency of a first
pilot signal, for example the 5 Hz. pilot signal of the
AM/PM stereo system. The filter is held at the 5 Hz.
frequency for a sufficient period to provide an output to
threshold detector circuit 150, for example 300 millisec-
onds. Circuit 150 detects the signal present at the output
of filter 148 and compares the detected signal with an
adjustable threshold which is set by the control signal
from Unit 146. Flip-flop 152 is conditioned to respond
to the output of threshold detector 150 during this initial
period, and if the output of filter 148 triggers threshold
detector 150 during this initial first sampling period,
flip-flop 152 will be set. Control logic 146 provides a
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control signal to flip-flop 152 to enable it only during
this first period.

Subsequent to the 5 Hz. sampling by filter 148 during
the first period, control circuit 146 provides a different
control signal voltage to controllable bandpass filter 148
to reset it at a second frequency, for example the 15 Hz.
pilot signal frequency used in the ISB stereo system.
Control circuit 146 may also provide a control signal to
threshold detector 150 to adjust its threshold level to
correspond to the anticipated strength of the ISB pilot
signal. Threshold detector 150, if it detects a 15 Hz
signal during this second sampling period, sets flip-flop
154, which is enabled, or conditioned to be set, only
during this second sampling period by control circuit
146.

At the end of the second period, control circuit 146
resets bandpass filter 148 to the next pilot signal fre-
quency, for example the 20 Hz. pilot signal of the
AM/FM stereo system. Flip-flop 156 is set if a 20 Hz.
signal is detected by threshold detector 150 during the
third sampling period. Similarly flip-flips 158 and 160
are set if the threshold detector 150 detects signals dur-
ing the fourth and fifth sampling periods, when the
bandpass filter 148 is tuned to the 25 Hz. pilot signal
used in the CQUAM stereo system and then to the 55 to
96 Hz. variable frequency signal used in the V-CPM
stereo system, respectively. Alternatively, because of
the wider bandwidth required it may be necessary to
gate in a separate filter to detect the variable frequency
pilot signal used in the V-CPM system.

After sequentially sampling the different frequency
bands for the five different pilot signals during five
consecutive periods and setting of flip-flops 152, 154,
156, 158 and 160 according to whether or not a signal is
detected in each of the pilot signal passbands, logic
circuit 96 is activated by a timing signal T3 to enable the
logic circuit to evaluate the outputs of flip-flops 152,
154, 156, 158 and 160. Logic circuit 96 operates in a
manner similar to the logic circuit 96’ shown mn FIG. 2
and provides output signals (A), (B), (C), (D) and (E) on
leads 98 to operate the corresponding gates in receiver
10 of FIG. 1 in the event one, and only one, pilot signal
has been detected as being present during the first five
sampling periods. In addition, a separate signal is also
provided on lead 138 in this case to activate stereo
indicator lamp 139. If signals in more than one of the
pilot signal bands are detected, the result indicates an
ambiguity as to which AM stereo modulation technique
is present in the received IF signal or that significant
noise or other spurious signals are present. Accord-
ingly, under this condition logic circuit 96 will not pro-
vide any output on any of the leads 98 and 138, and
stereo indicator lamp 139 will not be lit. Receiver 10
will, therefore, operate in the monophonic mode until
such time as a single pilot signal has been detected dur-
ing a complete sampling cycle.

It will be recognized that the circuit 94 in FIG. 3
operates by sequential sampling of different frequency
bands whereas circuit 94’ in FIG. 2 operates to simulta-
neously sample all of the frequency bands of interest.
Those skilled in the art will recognize that either se-
quential or simultaneous sampling can be used for de-
tecting one or more of the different pilot signals. Fol-
lowing the initial sampling by logic circuit 96 of all of
the outputs of the flip-flops in FIG. 3, if no single pilot
signal has been determined to be present, it may be
desirable to reset control circuit 146 and repeat the pilot
signal detection process once or a few times. Once only
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a single pilot signal has been detected during a sampling
cycle, the re-cycling can be stopped. This function can
be implemented, for example, by feedback to control
circuit 146 from logic circuit 96.

FIG. 4 illustrates another pilot signal detecting and
logic circuit arrangement which makes use of a pro-
grammed microprocessor to perform the logic func-
tions described with respect to FIGS. 2 and 3. Start
circuit 92 provides an initiation signal to microproces-
sor 162, which thereafter controls variable bandpass
filter 148 and threshold detector 180 to provide sequen-
tial sampling of the various pilot signal frequency bands
as described with reference to FIG. 3. The output of
threshold detector 150 for each frequency band can be
examined by microprocessor 162 and the result stored
therein for later analysis to determine whether one and
only one pilot signal has been detected during a sam-
pling cycle.

In FIG. 8 there is illustrated another pilot signal de-
tector and logic circuit arrangement which makes use of
a microprocessor for the narrowband filtering function
as well as for the logic functions. L.ead 91 carrying the
phase-detected pilot signals is coupled to amplitude
detector 280, which may include a low pass filter to
remove higher frequency audio modulation compo-
nents. Detector 280 supplies the detected output to
integrator 282, which averages this signal over a suit-
able time interval (1 to 10 milliseconds, for example),
also removing high frequency components. The inte-
grator output is converted to a digital signal for each
time interval by analog-to-digital converter 284, and the
digitized signal level is provided to microprocessor 286
for analysis. The microprocessor may perform a digital
filtering function by taking weighted sums of the digi-
tized detected signal for the various pilot signal frequen-
cies and comparing these weighted sums to preselected
threshold values to determine presence or absence of
the particular pilot signal or signals of interest. An ad-
vantage of this embodiment of the invention is that
analog to digital converter 284 need only handle one
polarity of signal, thereby simplifying the design of
block 284. However, a preferred arrangement would be
to delete detector 280 and integrator 282, convert the
signal on lead 91 directly into digital form in A-to-D
converter 284 and then do all of the signal processing
digitally in microprocessor 286. By the following this
procedure one avoids the generation of undesired non-
linear products which are often introduced by the ac-
tion of detector 280.

In FIGS. 3 and 4, there is shown a control lead from
control circuit 146 or microprocessor 162 to threshold
detector 150. This control lead is used to approximately
adjust the threshold level of the threshold detector in
order to compensate for expected differences in signal
strength among the various pilot signals, resulting from
the fact that different amounts of angular modulation
are used in developing the various AM stereo broadcast
signals. This will become clear to those skilled in the art
from an examination of the broadcast signal specifica-
tions which have been published for each of the pro-
posed AM stereo systems.

FIG. 5 is a circuit diagram of a logic circuit 96" which
is usable in connection with the pilot signal detecting
arrangement of FIG. 2 for the purpose of detecting the
presence of a single pilot signal and the absence of sig-
nals in adjacent frequency bands. As previously de-
scribed with respect to FIG. 2, for the detection of a
single pilot signal, for example the ISB pilot signal,
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flip-flops 130, 132 and 134 are set according to whether
signals have been detected at frequencies below, at, and
above the frequency of the expected pilot signal. As-
suming that the desired pilot signal has been received,
and no signal has been detected in the frequency bands 5
above and below the pilot signal frequency, flip-flop
132 would be in a set condition, while flip-flops 130 and
134 would not be set. The set condition of fhip-flop 132
causes a reverse bias on diode 166 which raises the
output level on lead 184 to indicate a binary “one”,
provided that flip-flop 180 is in a set condition and
transistor 176 is not conducting as hereinafter will be
described. In the event that there is a “one” output from
flip-flop 130 or 134, the high output will be conducted
through diodes 170 or 172 and through resistor 174, and
thereby cause transistor 176 to conduct. This will lower
the output on lead 184 to a *‘zero’ signal condition. This
condition occurs if there is a signal detected in the fre-
quency band either below or above the frequency band
of the pilot signal of interest, and would be indicative
that the signal which set flip-flop 132 might have been
caused by noise. Flip-flop 180 is cleared by the start
signal on lead 93 which is supplied from circuit 92.
While cleared, diode 178 conducts, and the output on
lead 184 is a *““zero”. Flip-flop 180 is set by timing signal
T3, indicating that the time for sampling the three fre-
quency bands has been completed. When flip-flop 180 is
set, diode 178 is reverse biased, and a “one” output on
lead 184 is supplied, provided that a “one” is present at
the output of flip-flop 132. Amplifier 182 is connected
to lead 184 to drive stereo indicating lamp 139. Circuit
164 therefore operates to provide a “one” output on
lead 184, indicated by a positive voltage, in the event
that flip-flop 132 is set and flip-flops 130 and 34 are not
set. The output on lead 184 is enabled after timing signal
T3 is provided to flip-flop 1890.

FIG. 6 is 2 more complex logic circuit arrangement
for use in connection with the detection of any one of
three different pilot signals. For example, this logic
circuit can be used in connection with the receiver of 40
FIG. 1 when arranged to receive an AM/PM stereo
signal, with a pilot signal of 5 Hz., an ISB stereo signal,
with a pilot signal of 15 Hz. or a CQUAM stereo signal,
with a pilot signal of 25 Hz. Flip-flops 130, 132 and 134
are controlled by simultaneous or sequential operat- 45
ing bandpass filters and threshold detecting circuits
(such as are shown in FIGS. 2 and 3) tuned to the 5 Hz,,

15 Hz. and 25 Hz. pilot signal frequencies.

If flip-flop 130 is in a “one” condition, indicating the
reception of a pilot signal at 25 Hz., and flip-flops 132 50
and 134 have a “zero” output, indicating no reception of
pilot signals or other signals at 15 and 25 Hz., output
lead 140 corresponding to control signal (A) is enabled.
The positive output of flip-flop 130 reverse biases diode
186. Diode 202 is reverse biased, provided that one of 55
transistors 198, 216 or 218 are conducting. Each of these
transistors is conducting only if two of the flip-flop
outputs have a “one”. For example, transistor 198 has its
base connected through diodes 192 and 194 to the out-
puts of flip-flops 130 and 132. These diodes are also
connected to a positive voltage source through resistor
196. In the event both flip-flops 130 and 132 have a
“one” output, both of these diodes will be reverse bi-
ased, and transistor 198 will conduct causing diode 202
to conduct and bring the output on lead 140 to the
“zero” state. Likewise, transistor 216, which has its base
connected to the positive voltage supply by resistor 212
and connected to the outputs of flip-flops 130 and 134
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by diodes 204 and 206, will conduct in the event that
both flip-flops 130 and 134 have a positive voltage or
“one” output. Also transistor 218, which is connected
through its base to the positive voltage supply by resis-
tor 214 and to the outputs of flip-flops 132 and 134
through diodes 208 and 210, will conduct if the outputs
of both flip-flops 132 and 134 have a positive “one”
signal. Thus the combination of transistors 198, 216 and
218 will bring down the voltage through diode 202 in
the event that any pair of two flip-flops have a “one”
output. This provides the output lead 140 with a “zero”
output in the event that any pair of flip-flops have a
“one”. The output control signals (B) and (C) on leads
142 and 144 are likewise connected to these transistors
by diodes 220 and 222, and connected to their respec-
tive flip-flops 132 and 134 through diodes 188 and 190.
Accordingly, each of the output leads 140, 142 and 144
will be enabled if, and only if, its corresponding flip-flop
130, 132 and 134 has a “one” output, and all other flip-
flops have a *‘zero” output.

The circuit of FIG. 6 also includes circuit elements
for providing a stereo indicator output. The outputs of
all three flip-flops 130, 132 and 134 are connected over
diodes 224, 226 and 228 through resistor 238 to transis-
tor 234. In the event that any of the f{lip-flops 130, 132
and 134 has a “one” output, and the base of transistor
234 is not brought down by the operation of flip-flop
180, through diode 230, a previously described, transis-
tor 234 will conduct. This applied a low voltage input to
transistor 232, which is otherwise in a conducting state
by reason of the voltage provided from a positive volt-
age supply through resistor 236. Transistor 232 there-
fore shut off, allowing the voltage on lead 241 to go
high. This voltage will go high provided that none of
transistors 198, 216 and 218 brings the voltage low, as
previously described, and there i1s provided an output
signal on lead 241 in the event that any one of the stereo
system pilot signals, and no other pilot signals, have
been detected. The output on lead 241 is provided over
drive 242 to stereo indicator lamp 139. An inversion
circuit 244 may also be provided to give an output
signal indicating monophonic reception on lead 136. As
previously described, flip-flop 180 operates in conjunc-
tion with diode 230 to hold the input to transistor 234 at
a low condition until the completion of the pilot signal
detection cycle time as indicated by timing signal T3.

As previously mentioned in connection with FIG. 1,
capacitor 82, which serves as an IF bypass capacitor for
the stereo channel, can also be used in connection with
switch 84 to provide timing signals for the operation of
pilot signal detector 94 and logic circuit 96. FIG. 7 is a
diagram illustrating the operating of this type of timing
circuit. Switch 84 has one pole connected to the output
of quadrature detector 78 and another pole connected
through resistor 246 to a positive voltage supply. The
output of switch 84 is connected to bypass capacitor 82.
During normal stereo reception, switch 84 is in the left
position and connects bypass capacitor 82 to the output
of quadrature detector 78 for IF bypass. When start
circuit 92 indicates a sudden change in the output from
the discriminator §4 and integrator circuit 60, 62, a start
signal is provided to switch 84 on lead 93, which oper-
ates the switch so as to couple capacitor 82 to resistor
246 and the positive voltage supply. This connection to
resistor 246 applied a ramp voltage to lead 248 which is
supplied to threshold circuits 2350, 252 and 254. The
start signal is also applied to tunable bandpass filter 256
at the input designated f1 to reset the bandpass filter to
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the first frequency band to be sampled. When the volt-
age ramp on lead 248 reaches a first threshold condition
designated (el), threshold circuit 250 is triggered pro-
viding an output (T1) to a bandpass filter 256 to change
the filter center frequency to (f2) corresponding to a
second pilot signal frequency. The signal is also pro-
vided over lead 258 to gate 260 which connects resistor
270 into threshold circuit 268, to lower the threshold
thereof. For example, in a system for detecting the 5
Hz., 15 Hz. and 25 Hz. pilot signals it 1s appropriate to
lower the threshold value, thereby increasing the
threshold circuits sensitivity, for reception of the
weaker 15 Hz. and 25 Hz. pilot signals. At some later
time, the voltage ramp on lead 248 reaches the second
threshold (e2), triggering threshold circuit 252 which
provides an output (T2) which changes bandpass filter
256 to the third frequency designated (f3). At still a later
point in time, the voltage on lead 248 reaches a value
(e3) triggering threshold circuit 254 which provides an
output (T3), which causes switch 84 to revert to the IF
bypass condition for the detection of stereo difference
signals in the ISB channel, and also provides a reset for
start circuit 92. An appropriate value for the timing,
determined by the voltage ramp on lead 248, is approxi-
mately 300 milli-seconds from the occurrence of the
start signal to the output of the (T1) signal, another 300
milliseconds to the output of the (T2) signal, and still
another 300 milliseconds to the output of the (T3) sig-
nal. These time periods should provide an adequate time
for the passing of signals through bandpass filter 256, to
phase splitter 262, diode detectors 264 and 266, and
threshold circuit 268.

As has been previously described, following the out-
put of the (T3) signal, in the event that a single stereo
pilot signal has been correctly identified, the stereo
indicator signal will reset the operation of start circuit
92. If, however, a stereo pilot signal has not been cor-
rectly identified, start circuit 92 may be caused to restart
the search cycle for stereo pilot signals. Alternatively,
only one or a selected number of search cycles can be
made, and the receiver operated in the monophonic
mode if a pilot signal has not been detected. The re-
ceiver can be left in the monophonic mode until re-
turned to another AM station, or until turned off, or
until some selected period of time has elapsed after
which another search cycle can be initiated. This is
simply a matter of choice for the designer of a specific
receiver, and its implementation will be obvious to
those skilled in the art in light of the disclosure set forth
herein.

In various examples set forth above, there have been
described specific embodiments for practicing the pres-
ent invention by use of both analog ramp voltages and
digital timing signals. Those skilled in the art will recog-
nize that these signal formats can be used in varying
embodiments of the present invention, and they are
presented for example only, and not by way of limita-
tion. Likewise, those skilled in the art will recognize
that the specific logic circuits, such as described in
FIGS. § and 6 are given as examples only and may be
replaced with integrated circuits or other logic elements
which perform equivalent functions.

It will also be recognized by those skilled in the art
that the preferred embodiments of the receiver shown
in solid lines in FIG. 1, which is capable of receiving
AM/PM stereo signals, CQUAM stereo signals, and
ISB stereo signals, may be arranged to receive any two
or more of the five different proposed AM stereo sig-

16

nals described herein, and such modifications and vana-
tions are deemed to be within the scope of the present
invention as set forth in claims.

While there have been described what are believed to

5 be the preferred embodiments of the invention, those
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skilled in the art will recognize that other and further
modifications may be made thereto without departing
from the spirit of the invention, and it is intended to
claim all such changes and modifications as fall within
the true scope of the invention.

I claim:

1. In a receiver for stereophonic broadcast signals
which include a modulation component comprising a
pilot signal having a selected frequency characteristics,
apparatus for determmmg the presence Or absence of
said pilot signal, comprising:

means for detecting received signal components

which lie within a first band of frequencies which
includes said pilot signal, and for also detecting
received signal components which lie within at
least one other band of frequencies lcrcated above
or below said first band;

and means for evaluating the signals detected in said

first and other bands, and for developing [an]} «
binary output signal which indicates when signals
in said first band exceed a first level and signals in
said other band do not exceed a second level.

2. Apparatus in accordance with claim 1 wherein said
detecting means detecis received signal components
lying within second and third other frequency bands
which are above and below, respectively, said first
frequency band and adjacent thereto.

3. Apparatus in accordance with claim 2 wherein satd
pilot signal has a narrowband frequency characteristic
and wherein said first, second and third frequency
bands are correspondingly narrow.

4. Apparatus in accordance with claim 3 wherein said
pilot signal is a subaudible, substantially signal fre-
quency tone.

5. Apparatus in accordance with claim 4 wherein said
evaluating means develops an output signal only when
a signal having the characteristics of said pilot signal has
been detected in said first band and exceeds a first
threshold /evel/ during a selected evaluation period and
no signals have been detected in either of said second and
third other adjacent bands which exceed [and] and a
second threshold level durmg said selected evaluation
period.

6. Apparatus in accordance with claim § wherein said
detecting means can simultaneously [detects] derect
signals in said first, second and third frequency bands.

7. Apparatus in accordance with claim § wherein said
detecting means cen sequentially [detects] derect sig-
nals in said first, second and third frequency bands in a
predetermined order.

8. In a recetiver for a plurality of different types of
AM stereophonic broadcast signals, each of which in-
cludes a modulation component comprising a pilot sig-
nal having a selected frequency characteristic that is
unique to that type of AM stereophonic broadcast sig-
nal, apparatus for determining the presence of any one
of said pilot signals, thereby indicating which type of
AM stereophonic broadcast signal is being received,
comprising:

means for detecting received signal components

which lie within a plurality of narrow frequency
bands, each of which includes only one of said pilot
signals;

-——
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and means for evaluating the signals detected in each
of said frequency bands, and for developing an
output signal which indicates when signals in one
of said bands exceed a predetermined level and
signals in all other bands do not exceed said level
and which also indicates which of said plurality of
bands said one band is, thereby indicating which
type of AM stereophonic broadcast signal is then
being received.

9. Apparatus in accordance with claam 8 wheren
each of said pilot signals 1s a subaudible, substantiaily
single frequency tone, wherein said evaluating means
has a plurality of outputs, each of which represents a
corresponding one of said like plurality of AM stereo-
phonic broadcast signal types, and wherein the output
signal from said evaluating means is supplied on one of
said plurality of outputs, thereby indicating which type
of AM stereophonic broadcast 1s then being received.

10. Apparatus in accordance with claim 9 wherein
said detecting means can simultaneously [detects]
detect signals in said plurality of frequency bands.

11. Apparatus in accordance with claim 9 wherein
said detecting means can sequentially [detects] detect
signals in said plurality of frequency bands in a predeter-
mined order.

12. Apparatus 1n accordance with either claim 10 or
claam 11 wherein said apparatus additionally includes
means for periodically activating said detecting means
and said evaluating means, thereby to make a new eval-
uation of the signal content of said plurality of fre-
quency bands during each period when said means are
activated.

13. A recetver for receiving and demodulating com-
posite amplitude-modulated (AM) stereophonic broad-
cast signals comprising a carrier having amplitude mod-
ulation, representative of stereo sum (L +R) informa-
tion, and angular modulation, representative of stereo
difference (L —R) information, impressed on said car-
rier according to either one of at least two composite
modulation techniques, said angular modulation further
including a pilot signal component having a selected
frequency characteristic representative of said one coms-
posite modulation technique, comprising:

means for receiving composite AM stereo signals and

for converting said signals to corresponding inter-
mediate frequency (IF) signals;
means for amplitude demodulating said IF signal to
derive therefrom a signal representative of said
(I.+R) information;

angular demodulating means for demodulating said
IF signal according to the requirements of said first
and second composite modulation techniques to
develop corresponding first and second audio fre-
quency output signals representative of (L—R)
information transmitted according to said first and
second composite modulation techniques, respec-
tively;

means for detecting receiving signal components

which lie within a first narrow band of frequencies
which include the pilot signal which i1s representa-
tive of said first composite modulation technique,
and for also detecting received signal components
which lie within a second narrow band of frequen-
cies which include the pilot signal which is repre-
sentative of said second composite modulation
technique;

means for evaluating the signals detected in said first

and second bands and for developing one or more
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output signals which indicate when signals in only
one of said frequency bands exceed a predeter-
mined level and in which of said two bands said
signals lie;

means, responsive to the output of said evaluating

means [and Jor having said first and second audio
output signals supplied thereto, for passing said
first or said second signal only when the output of
said evaluating means indicates that the corre-
sponding pilot signal is present in the received
signal;

and means for utilizing said (L +R) representative

signal and the audio signal passed by said last men-
tioned means for deriving left (L) and right (R)
stereo audio output signals.

14. A receiver in accordance with claim 13 wherein
L one] each of said pilot signals is a subaudible, substan-
tially signal frequency tone, wherein said evaluating
means has [a plurality of ] at least two outputs, each of
which represents a corresponding one of said [like
plurality of] AM stereophonic [broadcast signal
types § composite modulation techiques, and wherein the
output signal from said evaluating means is supplied on
one of said [plurality of] outputs, thereby indicating
which type of AM stereophonic broadcast is then being
received.

15. A receiver in accordance with claim 14, wherein
said detecting means can simultaneously [detects]
detect signals in said [plurality of] first and second
frequency bands.

16. A receiver in accordance with claim 14, wherein
said detecting means can sequentially [detects] detect
signals in said [plurality of] first and second frequency
bands in a predetermined order,

17. A receiver in accordance with claim 15 or 16
wherein said additionally includes means for periodically
activating said detecting means, thereby to make a new
evaluation of the signal content of said first and second
plurality of frequency bands during each period when

said means are activated.
18. A multiple-systern AM stereo receiver for receiving

and demodulating composite amplitude-modulated (AM)
stereophonic broadcast signals which comprise a carrier
having amplitude modulation, representative of stereo sum
(L + R) information, and angular modulation, representa-
tive of stereo difference information, impressed on said
carrier according to either of at least two different compos-
ite modulation techniques, said angular modulation fur-
ther including a pilot signal component having a selected

50 frequency characteristic representative of the particular one

55

65

of said composite modulation techniques used to develop
the broadcast signal, said receiver comprising:
means for receiving composite AM stereo radio fre-
quency (RF) signals and for converting said signals to
corresponding intermediate frequency (IF) signals;
means for detecting the presence of AM stereo pilot
signal components in said received signals and deter-
mining the frequency characteristic of said pilot sig-
nals, and for developing at least one control signal
when the presence of a pilot signal is detected, said
control signal being indicative of the particular com-
posite modulation technique represented by said pilot
signal;
decoding means, capable of operating in different modes
appropriate for amplitude and angular demodulation
of IF signals corresponding to at least two of said
different composite modulation technigues, said dif-
ferent modes being selectable in response to said con-



Re. 33,381
19 20

stereo signal corresponding to either one of said com-

posite modulation techniques;

signal to develop a pair of output signals representative and means, responsive to said (L+R) and (L —R)
. : : representative signals, for deriving left (L) and right

of (L+R) and (L—R) information, respectively, 5 (R) stereo audio output signals therefrom.

when said control signal indicates reception of an AM « ¥ * * %

trol signal, for appropriately demodulating said IF
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