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RDS receiver.

@ An RDS receiver which automatically selects the
highest one in broadcast signal field strength of a
plurality of radio stations broadcasting one and the
same program according to AF codes corresponding
to the radio stations included in RDS data in a radio
data system. In the RDS receiver, one of the plural-
ity of radio stations broadcasting one and the same
program is automatically selected by a CPU (4),
according to the AF codes included in the RDS data
which are received by an FM tuner section (1).

FIG.

1

Before this automatic selecting operation, it is de-
tected whether or not the broadcast signal of an AF
code radio station being received suffers from adja-
cent frequency interference by an RDS decoder (5),
and a value of the S meter signal of the AF code
radio station is forcibly zeroed by a transistor (Q)
when the RDS decoder (5) detects that the broad-
cast signal of the AF code radio station suffers from
adjacent frequency interference.
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to an RDS (radio data
system) receiver.

Description of the Related Art

RDS receivers have been widely used for in-
stance in Europe. The RDS receiver has an AF
(alternative frequency) switching function; that is,
when is being moved, it is able to receive one and
the same program continuously while switching the
receiving frequencies.

RDS data transmitted from radio stations, being
modulated in a multiplex mode, include data on an
AF list which is a list of different frequencies with
which one and the same program is broadcasted.
The RDS receiver momentarily receives the broad-
cast signal of an aimed one of the frequencies
registered in the AF list, and detects its field
strength with a signal strength meter (hereinafter
referred to as "an S meter", when applicable). The
field strength thus detected is compared with that
of the broadcast signal which is being received at
present, and the signal higher in field strength is
selected.

In the above-described RDS receiver, the S
meter is wide in receiving signal band. Therefore,
the RDS receiver is disadvantageous in the follow-
ing points: If interference of adjacent frequency
signals occurs while the signal of a frequency is
being received which is low in field strength, then it
may be erroneously determined to be high in field
strength by the effect of the interference, as a
result of which a frequency switching operation is
carried out to select the signal. Furthermore, if,
when the broadcast signal of a radio station is
being received, interference of adjacent frequency
signals advances, then it is erroneously determined
that the broadcast signal is high in field strength,
as a result of which it becomes impossible to
switch the radio station over to another radio sta-
tion whose broadcasting frequency is registered in
the AF list even if the broadcast signal of the latter
radio station is higher in field strength.

In order to eliminate the above-described dif-
ficulties, for instance Japanese Patent Unexamined
Publication No. Hei. 1-208030 has disclosed the
following method: The broadcast signal of a radio
station of which the frequency is registered in the
AF code list (hereinafter referred to as "a first radio
station", when applicable), and the broadcast signal
of another radio station (hereinafter referred to as
"a second radio station", when applicable) of which
the frequency is within £100 kHz of the broadcast-
ing frequency of the first radio station are received,
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and the field strength of the broadcast signal of the
first radio station is adjusted according to the field
strength of the broadcast signal of the second radio
station.

As was described above, in the method, it is
necessary to receive the broadcast signal of the
second radio station of which the frequency is
close to that of the broadcast signal of the first
radio station which is registered in the AF code list.
Hence, the method is disadvantageous in that se-
lection of a radio station takes time; that is, the
RDS device is low in response. In addition, it is
necessary to store data on a number of radio
stations; that is, it is necessary to use a large
capacity memory.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to
eliminate the above-described difficulties accom-
panying a conventional RDS receiver.

In attaining the above object, the invention pro-
vides an RDS receiver which automatically selects
the highest one in broadcast signal field strength of
a plurality of radio stations broadcasting one and
the same program according to AF codes cor-
responding to the radio stations included in frans-
mission data in a radio data system, including
receiving means for receiving the fransmission
data, automatic tuning means for automatically se-
lecting one from among the plurality of radio sta-
tions broadcasting one and the same program ac-
cording to the AF codes included in the transmis-
sion data which are received by the receiving
means, interference detecting means for detecting
whether or not the broadcast signal of an AF code
radio station being received suffers from adjacent
frequency interference before the automatic select-
ing operation by the automatic tuning means, and
decreasing means for decreasing a value of data
on the field strength of the broadcast signal of the
AF code radio station when the interference detect-
ing means detects that the broadcast signal of the
AF code radio station suffers from adjacent fre-
quency interference.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incor-
porated in and constitute a part of this specifica-
tion, illustrate the embodiments of the invention
and, together with the description, serve to explain
the objects, advantages and principles of the inven-
tion. In the drawings,

FIG. 1 is a block diagram showing the arrange-
ment of an RDS receiver according to a first
embodiment of the invention;
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FIG. 2 is a flow chart for explaining the operation
of the RDS receiver shown in FIG. 1;

FIG. 3 is a block diagram showing the arrange-
ment of an RDS receiver according to a second
embodiment of the invention;

FIG. 4 is a flow chart for explaining the operation
of the RDS receiver shown in FIG. 3;

FIG. 5 is a block diagram showing the arrange-
ment of an RDS receiver according to a third
embodiment of the invention;

FIG. 6 is a flow chart for explaining the operation
of the RDS receiver shown in FIG. 5;

FIG. 7 is a block diagram showing the arrange-
ment of an RDS receiver according to a fourth
embodiment of the invention; and

FIG. 8 is a flow chart for explaining the operation
of the RDS receiver shown in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the in-
vention will be described with reference to the
accompanying drawings.

FIG. 1 is a block diagram showing an RDS
receiver according to a first embodiment of the
invention. An RDS broadcast signal received by an
FM ftuner section 1 is applied through an audio
control section 2 and an audio amplifier section 3
to a loudspeaker S, where it is reproduced as
sounds.

The field strength of the broadcast signal re-
ceived by the FM tuner section 1 is applied as an
S meter signal to a CPU (central processing unit) 4,
in which it is subjected to digital conversion. Thus,
the field strength of the broadcast signal is de-
tected.

RDS data received by the FM tuner section 1
are decoded by an RDS decoder 5, and applied to
the CPU 4. At this time, an RDS flag is outputted
from the RDS decoder 5, to allow the CPU 4 to
confirm that the RDS data are available.

The CPU 4 performs an AF switching operation
according to a predetermined program. That is,
according to an AF list included in the RDS data,
the broadcasting frequencies are switched to select
a radio station broadcasting the same program with
a higher field strength.

Furthermore, the embodiment is so designed
that the AF switching operation is carried out cor-
rectly even if interference of adjacent frequency
signals occurs.

It is known in the art that RDS data can be
obtained when the field strength is of the order of
about 15 to 30 dB. In the case where there is a
radio station the of which the broadcast signal is
high in field strength at an adjacent frequency, the
sensitivity is decreased because of the AGC char-
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acteristic of the tuner, and the RDS data obtaining
capability is lowered.

On the basis of the above-described fact, the
CPU 4 determines it from the RDS flag supplied
from the RDS decoder 5 whether or not the RDS
data have been obtained, and detects whether or
not the S meter signal is larger than the true value
V, of field strength with which RDS data can be
obtained.

In the case where no RDS data are obtained,
and the S meter signal is larger than the true value
V,, it can be determined that there is an interfering
radio station. Therefore, in this case, the value
indicated by the S meter signal is forcibly regarded
as zero, and the above-described AF switching
operation is carried out.

In addition, even if the AF switching operation
is carried out in the above-described manner, the
previous broadcast signal may be received again
which suffers from the interfering signal. That is,
the field strength comparison must be achieved
instantaneously when the frequencies are switched,
and it is difficult to determine whether or not RDS
data can be obtained in a short time. Therefore, the
above-described decision with the S meter signal is
rather difficult to achieve, so that the signal recep-
tion may be switched back.

Hence, in the case where it is determined that
there is an interfering radio station near, the CPU 4
marks the frequency of the radio station in the AF
list, and lowers the order of priority in switching the
receiving frequency over to the frequency of the
radio station.

The operation of the RDS receiver shown in
FIG. 1 will be described with reference to FIG. 2.

An RDS broadcast signal is received (Step 10),
and it is determined whether or not RDS data are
available (Step 11). In the case where RDS data
are available, broadcast signals from radio stations
registered in the AF list are successively received;
that is, the frequency switching operation is carried
out according to the AF list (Step 12). When there
is a better radio station which broadcasts the same
program with a field strength higher than that of the
receiving station (Step 13), then the broadcast sig-
nal of the better radio station is selected (Step 20).
When there is no such a better radio station, then
Step 10 is effected again.

In the case where no RDS data are available in
Step 11, then current voltage value of the S meter
signal is compared with the voltage value V, of the
S meter signal when the field strength is high
enough to obtain RDS data (Step 14). When, in
Step 14, the voltage value of the S meter signal is
equal to or smaller than V,, it is determined that
the voltage value of the S meter signal is correct,
and the switching operation is carried out (Step
15), and it is detected whether or not there is a
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radio station higher than the receiving station in
field strength (Step 16). When there is no radio
station higher in field strength, Step 10 is effected
again. When there is such a better radio station,
Step 20 is effected; that is, the better radio station
is selected.

When, in Step 14, the voltage value of the S
meter signal is larger than V,, the voltage value is
forcibly regarded as zero (0), and the switching
operation is carried out (Step 17). When there is a
better radio station broadcasting the same program
with a higher field strength (Step 18), the frequency
of the receiving radio station in the AF list is
marked, and the order of priority in switching the
receiving frequency over to it is lowered (Step 19),
and the broadcast signal of the better radio station
higher in field strength is selected (Step 20). When
there is no such a better radio station, Step 10 is
effected again.

In the embodiment described above, the AF
switching operation is carried out according to the
signal receiving conditions, not only the field
strength but also the degree of signal interference.
Hence, the broadcast signal can be accurately
switched over to that of a radio station higher than
the receiving station in field strength. Further, the
frequency of the radio station which has been
interfered is marked, and the order of priority in
switching the receiving frequency over to it is
lowered. This method eliminates the difficulty that
the radio station which has been interfered is se-
lected again. Furthermore, unlike the conventional
receiver, it is unnecessary 1o receive the broadcast
signal of a radio station whose frequency is adja-
cent to the frequencies registered in the AF code
list. Therefore, the RDS receiver is high in re-
sponse, and needs not to have a large capacity
memory.

Next, a second embodiment of the invention
will be described with reference to FIGs. 3 and 4.

FIG. 3 shows the arrangement of an RDS re-
ceiver according to the second embodiment of the
invention. In the second embodiment, it is detected
whether or not RDS data are obtained, thereby to
detect interference of adjacent frequency signals.

The RDS is a broadcasting system in which
pulse modulation signals are superposed on an FM
modulation signal in a multiplex mode by using a
pilot signal of 57 kHz. Since the pilot signal is of
high tone, 57 kHz, the demodulation frequency
band must be sufficiently wide. In general, the filter
characteristic of a demodulation band is propor-
tional to the magnitude of signal strength; that is, it
is wide with a high signal strength, and narrow with
a low signal strength. Hence, the RDS data cannot
be demodulated when the signal strength de-
creases fo some extent. In the case of interference
of adjacent frequency signals, or in the case where
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interference occurs with the receiving frequency,
the sensitivity is decreased by AGC (automatic
gain control), and therefore the signal strength can
be lowered.

On the basis of the above-described two char-
acteristics, it is detected whether or not the RDS
data which has been demodulated is obtained,
thereby to artificially detect whether or not there is
an interfering radio station.

The second embodiment will
concretely with reference to FIG. 3.

An RDS broadcast signal received by an FM
tuner section 1 is applied through an audio control
section 2 and an audio amplifier section 3 to a
loudspeaker S, where it is reproduced as sounds.

The field strength of the broadcast signal re-
ceived by the FM tuner section 1 is applied as an
S meter signal to a CPU 4, in which it is subjected
to digital conversion. Thus, the field strength of the
broadcast signal is detected.

RDS data received by the FM tuner section 1
are decoded by an RDS decoder 5, and applied to
the CPU 4. Upon detection of the RDS data, the
RDS decoder 5 sets an RDS flag, and applies an
RDS presence or absence signal to a transistor Q,
so that the transistor Q is rendered conductive (on)
when no RDS data is detected. When the transistor
Q is rendered conductive (on), the S meter signal
is grounded; whereas when the transistor Q is
rendered non-conductive (off), the S meter signal is
not grounded. That is, when no RDS data is de-
tected, the S meter signal is decreased.

The CPU 4 performs an AF switching operation
according to a predetermined program. That is,
according to an AF list included in the RDS data,
the broadcasting frequencies are switched to select
a radio station broadcasting the same program with
a higher field strength.

The operation of the RDS receiver shown in
FIG. 3 will be described with reference to FIG. 4.

An RDS broadcast signal is received (Step 21),
and it is determined whether or not RDS data are
available (Step 22A). In the case where RDS data
are available, broadcast signals from radio stations
registered in the AF list are successively received;
that is, the frequency switching operation is carried
out according to the AF list (Step 23). When there
is a better radio station which broadcasts the same
program with a field strength higher than that of the
receiving station (Step 24), then the broadcast sig-
nal of the better radio station is selected (Step 28).
When there is no such a better radio station, then
Step 21 is effected again.

In the case where no RDS data are available in
Step 22A, the voltage value of the S meter signal is
forcibly zeroed by rendering the transistor Q con-
ductive, and the switching operation is carried out
(Step 25). When there is a better radio station

be described
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broadcasting the same program with a higher field
strength (Step 26), the frequency of the receiving
radio station in the AF list is marked, and the order
of priority in switching the receiving frequency over
to it is lowered (Step 27), and the broadcast signal
of the better radio station higher in field strength is
selected (Step 28). When there is no such a better
radio station, Step 21 is effected again.

In the RDS receiver designed as described
above, the S meter signal may be increased for
instance when interference of adjacent frequency
signals occurs. If, in this case, it is determined from
the non-detection of RDS data that there is interfer-
ence of adjacent frequency signals, the transistor Q
is rendered conductive (on), so that the S meter
signal is forcibly zeroed. Thus, the radio stations
are correctly traced. Further, unlike the conven-
tional receiver, it is unnecessary to receive the
broadcast signal of a radio station whose frequency
is adjacent to the frequencies registered in the AF
code list. Therefore, the RDS receiver is high in
response, and needs not to have a large capacity
memory.

FIG. 5 shows a third embodiment of the inven-
tion which detects interference of adjacent frequen-
cy signals on the basis of AFC (automatic fre-
quency control).

In an FM detection, a stable tuning frequency
can be detected with respect to a received fre-
quency by AFC. In an FM signal of 100% modula-
tion, frequency deviation of +75 kHz from a re-
ceived frequency occurs; however, the central fre-
quency and the received frequency are made co-
incident with each other by AFC all the time.

If there is an interfering radio station, and the
broadcast signal of the interfering radio station in-
creases in the degree of modulation, the frequency
deviation thereof affecis the receiving frequency,
so that the receiving frequency becomes non-uni-
form in frequency deviation. In this case, the fre-
quency regarded as the central frequency is shifted
by AFC, and the voltage output of AFC is varied.

Hence, the interfering radio station can be de-
tected by detection of the variation in the voltage
output of AFC.

The third embodiment will be described con-
cretely with reference to FIG. 5, in which parts
corresponding functionally to those which have
been described with reference to FIG. 3 are there-
fore designated by the same reference numerals or
characters.

The FM tuner section 1 applies an AFC voltage
Vaec and a reference voltage V. t0 a voltage
comparator 6, where they are subjected to com-
parison. When the difference between those vol-
tages is higher than a predetermined value a, the
voltage comparator 6 outputs an interfering radio
station detection signal, which is applied to the
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transistor Q. When the transistor Q is rendered
conductive (on) by the detection signal, the S me-
ter signal from the FM tuner section 1 is forcibly
zeroed.

FIG. 6 is a flow chart for explaining the opera-
tion of the RDS receiver shown in FIG. 5.

In FIG. 8, after Step 21, it is determined wheth-
er or not [Vier - Varg| is higher than the predeter-
mined value a (Step 22B). The other Steps are the
same as those in FIG. 4 which have been de-
scribed, and the explanation thereof will be omitted.

In the RDS receiver designed as described
above, the S meter signal may be increased for
instance when interference of adjacent frequency
signals occurs. If, in this case, it is determined from
the variation in the output voltage of AFC that there
is interference of adjacent frequency signals, the
transistor Q is rendered conductive (on), so that the
S meter signal is forcibly zeroed. Thus, with the
RDS receiver, the radio station tracing operation is
carried out correctly. Also, in this embodiment,
unlike the conventional receiver, it is unnecessary
fo receive the broadcast signal of a radio station
whose frequency is adjacent to the frequencies
registered in the AF code list. Therefore, the RDS
receiver is high in response, and needs not to have
a large capacity memory.

FIG. 7 shows a fourth embodiment of the in-
vention in which an AC component of the S meter
signal is utilized to detect interference of adjacent
frequency signals.

It is known in the art that, when the degree of
modulation of the broadcast signal of an interfering
radio station increases to some extent, the received
signal is disturbed by noises, so that the output
sounds are distorted. It is also known in the art
that, in this case, the disturbing noises appear, as
an AC component, in the S meter signal. Hence, by
detecting the AC component of the S meter signal,
the interference of adjacent frequency signal can
be detected.

The fourth embodiment of the invention will be
described concretely with reference to FIG. 7, in
which parts corresponding functionally to those
which have been described with reference to FIG.
3 are therefore designated by the same reference
numerals or characters.

The S meter signal outputted from the FM
tuner section 1 is applied to a capacitor C, so that
its AC component is extracted. The AC component
is applied to an A/D (analog-to-digital) converter 7,
where it is subjected to analog-to-digital conver-
sion. The output of the converter 7 is applied to the
transistor Q to render the latter Q conductive (on).
When the transistor Q is rendered conductive (on),
the S meter signal is zeroed. As was described
above, when interference of adjacent frequency
signals occurs, the disturbing noises are mixed, as
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an AC component, in the S meter signal. Hence, by
extracting the AC component by using the capaci-
tor C, and by applying it to the A/D converter, the
interfering radio station can be detected.

FIG. 8 is a flow chart for explaining the opera-
tion of the RDS receiver shown in FIG. 7.

In FIG. 8, after Step 21, it is determined wheth-
er or not the AC component of the S meter signal
is larger (Step 22C). The other Steps are the same
as those in FIG. 4 which have been described, and
the explanation thereof will be omitted.

In the RDS receiver designed as described
above, the S meter signal may be increased for
instance when interference of adjacent frequency
signals occurs. If, in this case, the presence of
interference of adjacent frequency signals is deter-
mined from the detection of the AC component of
the S meter signal, then the transistor Q is ren-
dered conductive (on), so that the S meter signal is
forcibly zeroed. Thus, with the RDS receiver, the
radio station tracing operation is carried out cor-
rectly. Also, in this embodiment, unlike the conven-
tional receiver, it is unnecessary to receive the
broadcast signal of a radio station whose frequency
is adjacent to the frequencies registered in the AF
code list. Therefore, the RDS receiver is high in
response, and needs not to have a large capacity
memory.

Claims

1. An RDS receiver which automatically selects
the highest one in broadcast signal field
strength of a plurality of radio stations broad-
casting one and the same program according
to AF codes corresponding to the radio sta-
tions included in transmission data in a radio
data system, comprising:

receiving means (1) for receiving the frans-
mission data;

automatic tuning means (4) for automati-
cally selecting one from among the plurality of
radio stations broadcasting one and the same
program according to the AF codes included in
the transmission data which are received by
said receiving means (1);

interference detecting means (4, 5, 6 or 7)
for detecting whether or not the broadcast sig-
nal of an AF code radio station being received
suffers from adjacent frequency interference
before the automatic selecting operation by
said automatic tuning means; and

decreasing means (4 or Q) for decreasing
a value of data on the field strength of the
broadcast signal of the AF code radio station
when said interference detecting means de-
tects that the broadcast signal of the AF code
radio station suffers from adjacent frequency
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interference.

The RDS receiver according to claim 1,
wherein said interference detecting means (4)
detects whether or not the broadcast signal of
the AF code radio station being received suf-
fers from adjacent frequency interference on
the basis of the transmission data and the data
on the field strength of the broadcast signal of
the AF code radio station which are outputted
from said receiving means.

The RDS receiver according to claim 1,
wherein said interference detecting means in-
cludes decoding means (5) for outputting a
signal when the transmission data is not ob-
fained.

The RDS receiver according to claim 3,
wherein said decreasing means includes a
transistor (Q) which is rendered conductive by
the signal from said decoding means (5)
whereby to decrease the value of the data on
the field strength of the broadcast signal of the
AF code radio station.

The RDS receiver according to claim 1,
wherein said interference detecting means in-
cludes comparing means (6) for outputting a
signal when the difference between an AFC
voltage and a reference voltage which are sup-
plied from said receiving means (1) is higher
than a predetermined value.

The RDS receiver according to claim 5,
wherein said decreasing means includes a
transistor (Q) which is rendered conductive by
the signal from said comparing means (6)
whereby to decrease the value of the data on
the field strength of the broadcast signal of the
AF code radio station.

The RDS receiver according to claim 1,
wherein said interference detecting means in-
cludes converting means (7) for converting an
AC component of the data on the field strength
of the broadcast signal of the AF code radio
station into a digital signal.

The RDS receiver according to claim 7,
wherein said decreasing means includes a
transistor (Q) which is rendered conductive by
the digital signal from said converting means
(7) whereby to decrease the value of the data
on the field strength of the broadcast signal of
the AF code radio station.
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The RDS receiver according to claim 1, further
comprising means (4) for marking the frequen-
cy of the AF code radio station and lowering
the order of priority in switching the receiving
frequency over to the frequency of the AF
code radio station when said interference de-
tecting means detects that the broadcast signal
of the AF code radio station suffers from adja-
cent frequency interference.
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