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(54) FM STEREOPHONIC RECEIVER

an We, PioNeerR ELECcTRONIC COR-
PORATION, a Japanese Company of No. 4-1
Meguro 1-Chome, Meguro-Ku, Tokyo,
Japan, do hereby declare the invention

5 for which we pray that a Patent may be
granted to us and the method by which it
is to be performed, to be particularly de-
scribed in and by the following statement:
This invention relates to FM stereophonic

10 receivers which comprise a muting circuit
operating to interrupt or reduce its repro-
duction output according to an electric
field strength, and a mode changing cir-
cuit operating to change its reproduction

15 mode to a stereophonic reproduction mode
or a monaural reproduction mode selec-
tively according to the electric field
strength and more particularly to an FM
stereophonic receiver in which the muting

20 operation point of the muting circuit and
the stereophonic and monaural changeover
operation point of the mode changing cir-
cuit are switched, for instance, by one
manual change-over switch.

25 As is well known in the art, the electric
field strength of an FM broadcasting wave
is greatly changed by the effects of buildings
and geographical features lying in the course
of the wave because the FM broadcasting

30 wave is propagated more straightly than the
AM broadcasting wave. Therefore, in the
case when the FM broadcasting wave is re-
ceived by a tuner installed in a vehicle, the
reproduction of the FM broadcasting wave

35 sufférs from disadvantages such as occur-
rence of a so-called skip noise or is liable
to be affected by multi-path. The FM broad-
casting is excellent in high fidelity reproduc-
tion; however, as was described above, the

40 FM broaddéasting wave reproduction is li-
able to be affected by a variety of inter-
ferences or noises, and therefore it is neces-
sary to provide countermeasures against the
effects of such noisés. One of the counter-

45 measures consideted is a method in which
in the case wheére the electric field strength
is sufficiently high (for instance, highér than
40 dB), the reproduction is effected in a
stereophonic miode, and wheén the electric

50 field strength is somewhat loweéred, the

stereophonic mode is automatically changed

to a monaural mode, thereby to maintain
the S/N ratio (the ratio of signal to noise)
thereof at an allowable value. Furthermore,

it is preferable that when the electric field 55
strength is further lowered (for instance,
lower than 20 dB) the signal reproduction

is automatically suspensed or reduced.

The matters described above are applic-
able to the case whére music is enjoyed 60
through the reproduction of FM broad-
casting waves. However, there may be per-
sons who like to enjoy music in the stereo-
phonic mode even if the S/N ratio is some-
what wotse. In addition, in the case where g5
the FM broadcasting service is utilized as
an information source as in the case of
listening to local traffic information or
weather forecasts by the FM broadcasting,
it is recessary to provide a means which, 79
even if the S/N ratio is considerably
lowered, operates not to interupt the repro-
duction of audio signals.

Accordingly, ait object of this invention
is to provide an FM stereophonic receiver 75
in which signal reproduction conditions can
be suitably selected according to the choice
or wish of a user. ,

The foregoing object and other objects
of this invention has been achieved by the g
provision of an FM stereophonic receiver
which comprises (a) a muting circuit re-
sponsive to a predetermined level of elec-
tric field intensity for interrupting or re-
ducing the output of receiver when the g5
electric field strength is below a predeter-
mined level, v ;

(b) a mode changing circuit for changing
the signal reproduction mode selectively be-
tween a stereophonic mode and & monaural gg
mode; and

{(c) selector ineans operatively connected
to said muting circuit for selecting the pre-
determined level from at least two differ-
ent levels and for actuating said mode 95
changing circuit 0 as to change the mode
between the stereophonic mode and the
monaural mode in dccordance with the
selected level.

The nature, principle, and utility of this 100
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invention will become more apparent from
the following detailed description and the

* appended claims when read in conjunction
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with the accompanying drawing.

In the accompanying drawing: —

Figure 1 is a block diagram showing one
example of an FM stereophonic receiver
according to this invention; and

Figure 2 is a graphical representation for
a description of the signal reception and re-
production of the FM stereophonic receiver.

One preferred embodiment of an FM
stereophonic receiver according to this in-
vention is illustrated in Figure 1, in which
reference numeral 1 is intended to designate
an antenna which receives an FM signal.
The FM signal thus received is applied to
a front end section 2 where it is tuned to a
particular broadcast frequency which is in
turn converted into an intermediate fre-
quency signal (hereinafter referred to
merely as “an IF signal” when applicable)
of 10.7 MHz. This IF signal is applied to
an intermediate frequency amplifier and
limiter circuit 4 through a 10.4 MHz band-
pass filter 3 and is further applied to a
quadrature detector 5, by which the IF sig-
nal is demodulated into an audio signal.
This auido signal thus obtained is applied
through a muting switch 6 to a frequency
response control circuit 7 where the high
frequency characteristics thereof are ad-
justed and the audio signal thus treated is
applied to a multiplex decoder 8. In this
operation, when the electric field strength is
reduced to a certain value, the above-
described multiplex decoder 8 operates to
cut off a treble compass higher than ap-
proximately 10 KHz thereby to reduce the
noise component mixed in the treble com-
pass. As a result, the S/N ratio of the audio
signal is improved, and the level of the
stereophonic pilot signal of 19 KHz is suit-
ably lowered thereby to make the stereo-
phonic decoding operating of the multiplex
decoder -8 inoperable and to forcibly
change the operation mode of the decoder
to a monaural reproduction mode. That is,
when the electric field strength is greater
than a certain value, stereophonic audio
signals are provided at the output terminals
L and R of the multiplex decoder 8, and
when the electric field strength is smaller
than the certain value, monaural audio sig-
nals are provided at the output terminals L
and R.

“The above-described -operation ‘is con-
trolled by a stereophonic and monaural
mode switching circuit comprising a level
detector 9, a trigger circuit 10, and a time
constant circuit 12. More specifically, the
level detector 9 receives the IF output of
the 10.7 MHz bandpass filter 3, and sub-
jects it to amplitude modulation (AM) de-
tection. A part of the output of the level

detector 9 is applied to the trigger. circuit
10. The trigger circuit 10 is made up of,
for instance, a Schmitt trigger circuit, and
is provided with a manual switch SW, cap-
able of controlling its threshold level (which
is a voltage by which the circuit is rendered
conductive (on ON)) in two steps. When
the manual switch SW, is in ON state, or
when the armature of the switch is tripped
to its ON terminal, the threshold level of
the trigger circuit 10 is set at a relatively
high level; while when the armature of the
switch SW, is tripped to its OFF terminal,
the threshold level of the trigger circuit 10
is set at a relatively low level. In other
words, the trigger circuit 10 operates in
such a manner that, with the switch SW;
in the ON state, the output is obtained
only when the electric field strength is
higher than, for instance, 40 dB; and with
the switch SW; in the OFF state, the out-
put is obtained only when the electric field
strength is higher than, for instance, 20 dB.
The output of the trigger circuit 10 is ap-

plied through the time constar. circuit 11

to the frequency response control circuit
7, whereby the characteristics of the con-
trol circuit is maintained in the whole-
band-pass state thereby to provide stereo-
phonic signals at the output terminals L
and R of the multiplex decoder 8. On the
other hand, when the electric field strength
becomes lower than 40 dB, the output of
the trigger circuit 10 is zeroed, and accord-
ingly the voltage applied to the frequency
response control circuit 7 is also zeroed.
As a result, owing to the characteristics of
the control circuit 7 the treble compass
higher than 10 KHz is cut off, and the mode
is changed from the stereophonic receiving
mode - to the monaural receiving mode,
thereby to prevent the lowering of the S/N
ratio. . . . , :

In the case when the armature of the
manual switch SW,; of the trigger circuit
10 is tripped over to the OFF position, the
same operation as that described above
takes place. However, it should be noted
that the reproduction mode changing point
between the stereophonic reproduction
mode and the monaural reproduction mode
is shifted to 20 dB from 40dB. In this con-
nection, it is expected that if the electric
field strength varies higher or lower around
the stereophonic and monaural reproduc-
tion mode changing point, the treble cut-
off characteristics vary frequently while the
stereophonic -and monaural reproduction
modes are switched over to each other fre-
quently. Therefore, in order to prevent the
occurrence of such undesirable conditions
as described above, the above-described
time constant circuit 11 is so designed that
the attack time is short but the recovery
time is long so that the treble cut-off opera-
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tion is forcibly effected, or the circuit is
held in the monaural mode, for a certain
period of time.

A part of the output of the above-
described level detector 9 is applied to an
inversion trigger circuit 12, which is pro-
vided with a manual switch SW, adapted
to change the threshold level thereof in two
steps. With the manual switch SW, in the
ON state as shown in FIG 1, when the
trigger circuit 12 receives an input corres-
ponding to an electric field strength higher
than 20 dB, its output is interrupted; how-
ever, when the input applied to the trigger
circuit corresponds to an electric field
strength lower than 20 dB, the trigger cir-
cuit is energized, and the output thereof is
applied to one of the two input terminals of
a trigger circuit 13. When the armature
of the manual switch SW, is tripped over

~ to the OFF position, the output of the trig-

25

ger circuit 12 is grounded. Accordingly, the
output of the trigger circuit 12 is inter-
rupted irrespective of the value of the elec-
tric field strength. The output of an OR
logic circuit 14 is applied to the other in-

_put terminal of the trigger circuit 13. Ap-
" plied to the OR logic circuit 14 are the
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output of an S/N detector 15 and the out-
put of a zero volt switch 16. The S/N de-
tector 15 operates to provide S/N informa-
tion on the basis of the output of the limiter
circuit. The zero volt switch 16 receives the
DC output (being a so-called S curve volt-
age”) of the quadrature detector 5 as its
input and subjects the input to full-wave
rectification substantially. The OR logic cir-
cuit 14 is so designed that when it receives
an input corresponding to an electric field
strength higher than 5 dB, its output is in-
terrupted; however, when it receives an in-
put corresponding to an electric field
strength lower than 5 dB, it is energized so
as to apply its output to the other input
terminal of the above-described trigger cir-
cuit 13.

In other words, in the case when the
switch SW; of the inversion trigger circuit
12 is in the ON state, and the electric field
strength is higher than 20 dB, no outputs
are applied to the two input terminals of
the trigger circuit 13 and the muting switch
6 is maintained in the OFF state. Accord-
ingly, in this case, the audio signal from
the quadrature detector 5 passes through
the muting switch 6 as it is, and is intro-
duced to the frequency response control
circuit 7. In the case when the electric field
strength becomes lower than 20 dB the in-
version trigger circuit 12 produces its out-
put and the muting switch 6 is rendered
conductive (ON), as a result of which the
passage of the audio signal is interrupted.
Furthermore, in the case when the manual
switch SW, is set in the OFF state, only

when the OR logic circuit produces the
output; that is, only when the electric field
strength becomes lower than 5 dB, the
muting switch 6 is rendered conductive, and
similarly as in the above-described case the
audio signal is interrupted thereby.

The above-described manual switches
SW, and SW, are gang-switches as indicated
in FIG 1. If the armatures of the switches
are tripped to the ON and OFF positions,
a broadcast signal receiving mode as shown
in FIG. 2 can be obtained. When the arm-
atures of the switches SW; and SW, are at
the ON positions, if the electric field
strength is much higher than 40 dB, the
signal is received and reproduced in a high
fidelity stereophonic mode, and according-
ly, for instance, music can be reproduced
with high tonal quality without noises (Area
A). In the case when the electric field
strength is between 40 dB and 20 dB, the
signal reproduction mode is forcibly set to
the monaural reproduction mode, and
therefore the signal reception and repro-
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noises (Area B). In the case when the elec-
tric field strength is lower than 20 dB, the
muting switch is rendered conductive, and
therefore signals mixed with noises which
may give an unpleasant feeling in music
are forcibly blocked (Area C).

Thus, in the case where the armatures
of the manual switches SW; and SW, are
tripped over to the ON position, only when
the electric field strength is of a value with
which the features of FM broadcasting can
be fully ultiized, the operation is effected
with high fidelity to satisfactorily use the
FM broadcasting feature, that is, an FM
broadcast can be employed as a musical
source with high fidelity.

Now, the case where the armatures of
the switches SW, and SW, are tripped over
to the OFF positions, respectively, will be
described. In this case, if the electric field
strength is higher than 20, the signal recep-
tion and reproduction are effected in the
stereophonic mode (Area D); if the elec-
tric field strength is between 20 dB and
5 dB, the monaural reproduction mode is
provided so that although the reproduced
signal may be mixed with noises to a cer-
tain extent, the receiver operates, under its
minimum allowable conditions, to receive
and reproduce information such as local
traffic information and weather forecasts
(Area E); and if the electric field strength
is lower than 5 dB as is found in the inside
of a tunnel or in the case when inter-station
noises occur during selecting a station, or
a broadcast, the received signal is blocked
(Area F). As is apparent from the above
description, in the case where the arma-
tures of the manual switches SW, and SW,
are tripped to the OFF positions, respec-
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tively, the receiver according to this inven-
tion can utilize FM broadcasting as if it is
an information source even if the environ-
mental conditions are such that noises are
5 mixed into the receiving signal.
Accordingly, the FM stereophonic re-
ceiver according to this invention is cap-
able of selecting different signal reproduc-
tion modes according to the choice or wish
10 of a user, and can achieve the objects of
the invention described in the introductory
part. If the FM stereophonic receiver is
installed in an automobile especially, it will
provide significant merits.
15 WHAT WE CLAIM IS:
1. An FM stereophonic receiver com-
prising;
(a) a muting circuit responsive to a pre-
determined level of electric field intensity
20 for interrupting or reducing the output of
the receiver when the electric field strength
is below the predetermined level,
(b) a mode changing circuit for changing
the signal reproduction mode selectively be-

tween a stereophonic mode and a monaural 25
mode, and

(c) selector means operatively connected
to said muting circuit for selecting the pre-
determined level from at least two different
levels and for actuating said mode chang- 30
ing circuit so as to change the mode be-
tween the stereophonic mode and the
monaural mode in accordance with the
selected level.

2. A FM sterecophonic receiver as de- 35
fined in claim 1 wherein said mode chang-
ing circuit includes means for holding a
monaural mode for a certain period of time
after the electric field strength falls below
said selected level thereof. 40

3. An FM stereophonic receiver sub-
stantially as hereinbefore described with
reference to the accompanying drawings.

MARKS & CLERK
Alpha Tower,
ATV Centre,

Birmingham B1 1TT

Agents for the Applicants

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1981.

Published at the Patent Office, 25 Southampton Buildings,
may be obtained.

London, WC2A 1AY, from which copies
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