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QUATERNARY FSK RECEIVER AND
METHOD OF JUDGING SIGNALS IN
QUATERNARY FSK RECEIVER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a quaternary FSK (Frequency
Shift Keying) receiver for receiving a signal to which
quaternary FSK is applied, and further to a method of
dealing with signals in a quaternary FSK receiver.

2. Description of the Related Art

The quaternary FSK communication system is a system
wherein quaternary gray signs “00”, “017, “11” and “10”
correspond to four different frequencies such as {1, £2, f3 and
f4. A quaternary FSK receiver used for quaternary FSK
communication receives signals to which quaternary FSK is
applied, and judges which frequency a frequency of the
received signals correspond to among the four frequencies
f1, £2, £3 and f4, to thereby demodulate the received signals.

In the above-mentioned signal sign judging in a quater-
nary FSK receiver, a frequency of the received signals is
converted into a voltage by means of a frequency-voltage
converter, and the thus obtained voltage is compared to three
reference values, that is, first to third reference values, to
thereby judge a sign of a signal. Herein, the first reference
value is set greater than the second reference value, and the
second reference value is set greater than the third reference
value.

In the process of signal sign judging, for instance, if the
obtained voltage is equal to or greater than the first reference
value, a sign of the received signal is determined to be “107,
if the obtained voltage is smaller than the first reference
value and equal to or greater than the second reference
value, a sign of the received signal is determined to be “117,
if the obtained voltage is smaller than the second reference
value and equal to or greater than the third reference value,
a sign of the received signal is determined to be “017, and
if the obtained voltage is smaller than the third reference
value, a sign of the received signal is determined to be “00”.

In a conventional quaternary FSK receiver, the above-
mentioned first to third reference values to be used as a
reference for judging a sign of a received signal are fixed
values. However, if the first to third reference values are
fixed, there is caused a problem that an error occurs in signal
sign judging, if a central voltage in a detecting signal due to
fluctuation in a frequency of transmitted signals, variation in
a temperature of a quaternary FSK receiver, fluctuation in a
power source voltage, and so on.

In order to solve such a problem, Japanese Unexamined
Patent Publication No. 1-164151 has suggested a method of
judging a sign of a received signal, in which a voltage level
of respective signs is measured by means of a capacitor, and
voltages used for judgement, established based on the thus
measured voltage levels, are used as reference values.

In a quaternary FSK receiver having been disclosed in
Japanese Unexamined Patent Publication No. 7-154434
(Japanese Patent No. 2639326), data is sampled while a
preamble signal is being detected, and the thus sampled data
is converted into digital signals to thereby detect a gap
between an average value of received data and a central
value of reference values, which corresponds to the second
reference in the above-mentioned case. Then, a sign of a
received signal is judged using the average value of received
data as the central value of reference values.

However, in the method having been suggested in Japa-
nese Unexamined Patent Publication No. 1-164151, a volt-
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age accumulated in a capacitor is used as a reference value,
and the voltage or the reference voltage is varied only at a
specific timing. In the quaternary FSK receiver having been
disclosed in Japanese Unexamined Patent Publication No.
7-154434, the reference voltage is altered only while a
preamble signal is being detected.

Hence, if a reference value is set in wrong, it would take
much time to change the wrongly set reference value into a
correct reference value, and the wrongly set reference value
could not follow small fluctuation in a demodulated signal.

In addition, the conventional quaternary FSK receiver
carries out only to harmonize an average value of received
data to the second reference. The first and third reference
values are set equal to fixed values which are obtained on the
assumption that a demodulated signal has an ideal ampli-
tude. However, an amplitude of a demodulated signal is not
always an ideal one, but actually varies.

Hereinbelow is explained how an amplitude of a demodu-
lated signal varies, with reference to FIG. 1.

Asignal having been transmitted from a transceiver is first
frequency-converted, and then, is converted into a voltage
signal by means of a frequency-voltage (f-V) converter. A
frequency-voltage conversion characteristic is basically lin-
ear. Herein, it is assumed that the conversion characteristic
represented as “characteristic A ” in FIG. 1 is an ideal one.
However, an inclination of the conversion characteristic
varies due to variance in characteristics of circuit parts
constituting a £~V converter and temperature characteristic
of a £-V converter. Hence, it is assumed that an inclination
of the characteristic line is decreased, specifically, the char-
acteristic A varies to the characteristic B.

As will be obvious in view of FIG. 1, if an inclination of
the conversion characteristic of a f-V converter is decreased,
an amplitude of a demodulated signal transmitted from a
signal receiving circuit is decreased in proportion to a degree
to which the inclination is decreased. On the other hand, if
an inclination of the conversion characteristic of a f-V
converter is increased, an amplitude of a demodulated signal
transmitted from a signal receiving circuit is increased in
proportion to a degree to which the inclination is decreased.

However, as mentioned earlier, the conventional quater-
nary FSK receiver carries out only to harmonize an average
value of received data to the second reference. The first and
third reference values are set equal to predetermined fixed
values obtained on the assumption that a demodulated signal
has an ideal amplitude. As a result, if an amplitude of a
demodulated signal varies due to variation in characteristic
of a signal receiving circuit, there may occur an error in
judging a sign of a received signal.

Japanese Unexamined Patent Publication No. 7-154433
has suggested a quaternary FSK receiver comprising means
for judging a sign of a signal by comparing detection signals
in a quaternary FSK signal to reference levels, an average
calculator for calculating an average of the detection signals,
and a circuit for generating the reference levels by using the
average as a reference value.

Japanese Unexamined Patent Publication No. 9-247219
has suggested an apparatus for judging a symbol indicated
by a base band signal supplied from a demodulator.

Japanese Unexamined Patent Publication No. 10-145442
has suggested a radio signal selective calling receiver com-
prising first means for receiving a signal including a syn-
chronization signal, and processing the thus received signal,
second means for detecting a specific pattern in the syn-
chronization signal, and storing the specific pattern as a
specimen value, third means for determining optimal thresh-
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old values to be used as a reference value for judging a
signal, based on the specimen value, and fourth means for
judging a signal in accordance with an output of the third
means.

However, the above-mentioned conventional quaternary
FSK receiver and method are accompanied with the follow-
ing problems.

First, since a reference value is changed only at a specific
timing, if a firstly established reference value is a wrong one,
it would take much time to correct it, and it would not be
possible for the receiver to follow small fluctuation in a
demodulated signal.

Second, there occurs an error in judging a sign of a signal,
if an amplitude of a demodulated signal varies.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
quaternary FSK receiver and a method of judging signals in
a quaternary FSK receiver, both of which are capable of
correcting a wrongly established reference value into a
correct one in a short period of time, following small
fluctuation in a demodulated signal, and preventing occur-
rence of a sign error, even if an amplitude of a demodulated
signal varies.

In one aspect of the present invention, there is provided a
quaternary FSK receiver including (a) a receiver which
receives quaternary FSK applied signals and converts the
thus received quaternary FSK applied signals into demodu-
lated signals, (b) an initial value generator which, when the
demodulated signals have ideal amplitudes, generates first,
second, third and fourth ideal values each corresponding to
each of signs of a quaternary, and also generates a first
reference value intermediate between the first ideal value
and the second ideal value, a second reference value inter-
mediate between the second ideal value and the third ideal
value, and a third reference value intermediate between the
third ideal value and the fourth ideal value, (c) an analog-
digital converter which converts the demodulated signals
into digital signals, (d) a sign judge which compares the
digital signals to the first to third reference values to thereby
judge which sign a received signal has among signs of a
quaternary, (¢) an average calculator which calculates an
average of the digital signals, (f) a waveform shaper which
always gradually entirely increases or decreases the digital
signals by a predetermined value so that the average is equal
to the second reference value, and (g) a reference value
generator which varies the first reference value in accor-
dance with a digital signal having a value equal to or greater
than the first reference value, among the digital signals
having been waveform-shaped by the waveform shaper, and
also varies the third reference value in accordance with a
digital signal having a level equal to or smaller than the third
reference value, among the digital signals having been
waveform-shaped by the waveform shaper.

In accordance with the present invention, when received
quaternary FSK signals are converted into digital signals, an
average of demodulated signals is calculated, and the digital
signals are always entirely and gradually increased or
decreased such that the calculated average becomes equal to
the second reference value which is a central level in
reference values. As a result, it is possible to reduce influ-
ence exerted by fluctuation in a central value of the demodu-
lated signals.

In addition, the first reference value is varied in accor-
dance with a digital signal equal to or greater than the first
reference value, and the third reference value is varied in
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accordance with a digital signal equal to or smaller than the
third reference value. Thus, it is possible to reduce a sign
error which would occur due to fluctuation in an amplitude
of demodulated signals, which ensures higher accuracy with
which radio signals are received.

It is preferable that the quaternary FSK receiver further
includes a timing controller which disallows the reference
value generator to vary a reference value while a synchro-
nization signal is being received, and allows the reference
value generator to vary a reference value after the synchro-
nization signal has been received.

For instance, the reference value generator may be
designed to increase the first ideal value and the first
reference value by a predetermined value when a digital
signal having been waveform-shaped by the waveform
shaper has a level equal to or greater than the first ideal
value, decrease the first ideal value and the first reference
value by a predetermined value when a digital signal having
been waveform-shaped by the waveform shaper has a level
smaller than the first ideal value and equal to or greater than
the first reference value, increase the third reference value
and the fourth ideal value by a predetermined value when a
digital signal having been waveform-shaped by the wave-
form shaper has a level smaller than the third reference value
and equal to or greater than the fourth ideal value, and
decrease the third reference value and the fourth ideal value
by a predetermined value when a digital signal having been
waveform-shaped by the waveform shaper has a level
smaller than the fourth ideal value.

The reference value generator may be comprised of (a) a
first counter which counts how many times a digital signal
having been waveform-shaped by the waveform shaper has
a level equal to or greater than the first ideal value, (b) a
second counter which counts how many times a digital
signal having been waveform-shaped by the waveform
shaper has a level smaller than the first ideal value and equal
to or greater than the first reference value, (c) a first
comparator which compares counts of the first and second
counters to each other, and increases the first ideal value and
the first reference value by a predetermined value when a
count of the first counter is greater than a count of the second
counter, and decreases the first ideal value and the first
reference value by a predetermined value when a count of
the second counter is greater than a count of the first counter,
(d) a third counter which counts how many times a digital
signal having been waveform-shaped by the waveform
shaper has a level equal to or greater than the fourth ideal
value and smaller than the third ideal value, (e) a fourth
counter which counts how many times a digital signal
having been waveform-shaped by the waveform shaper has
a level smaller than the fourth ideal value, and (f) a second
comparator which compares counts of the third and fourth
counters to each other, and increases the third reference
value and the fourth ideal value by a predetermined value
when a count of the third counter is greater than a count of
the fourth counter, and decreases the third reference value
and the fourth ideal value by a predetermined value when a
count of the fourth counter is greater than a count of the third
counter.

In accordance with the present invention, even if levels of
the demodulated signals are temporarily disturbed due to
noises, since the first and third reference values are varied
under majority rule of a plurality of data, it would be
possible to prevent the first and third reference values from
being wrongly varied.

In another aspect of the present invention, there is pro-
vided a method of judging signals in a quaternary FSK
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receiver, including the steps of (a) converting quaternary
FSK applied signals having been received, into demodulated
signals, (b) generating first, second, third and fourth ideal
values each corresponding to each of signs of a quaternary,
and also generating a first reference value intermediate
between the first ideal value and the second ideal value, a
second reference value intermediate between the second
ideal value and the third ideal value, and a third reference
value intermediate between the third ideal value and the
fourth ideal value, when the demodulated signals have ideal
amplitudes, (c) converting the demodulated signals into
digital signals, (d) comparing the digital signals to the first
to third reference values to thereby judge which sign a
received signal has among signs of a quaternary, (¢) calcu-
lating an average of the digital signals, (f) gradually entirely
increasing or decreasing the digital signals all the time by a
predetermined value so that the average is equal to the
second reference value, and (g) varying the first reference
value in accordance with a digital signal having a value
equal to or greater than the first reference value, among the
digital signals having been waveform-shaped by the wave-
form shaper, and also varying the third reference value in
accordance with a digital signal having a level equal to or
smaller than the third reference value, among the digital
signals having been waveform-shaped by the waveform
shaper.

It is preferable that the method further includes the step of
disallowing a reference value to be varied while a synchro-
nization signal is being received, and allowing a reference
value to be varied after the synchronization signal has been
received.

For instance, in the step (g), the first ideal value and the
first reference value are increased by a predetermined value
when a digital signal having been waveform-shaped has a
level equal to or greater than the first ideal value, the first
ideal value and the first reference value are decreased by a
predetermined value when a digital signal having been
waveform-shaped has a level smaller than the first ideal
value and equal to or greater than the first reference value,
the third reference value and the fourth ideal value are
increased by a predetermined value when a digital signal
having been waveform-shaped has a level smaller than the
third reference value and equal to or greater than the fourth
ideal value, and the third reference value and the fourth ideal
value are decreased by a predetermined value when a digital
signal having been waveformshaped has a level smaller than
the fourth ideal value.

The step (g) may be designed to include the steps of (g1)
counting how many times a digital signal having been
waveform-shaped has a level equal to or greater than the first
ideal value, to thereby have a first count, (g2) counting how
many times a digital signal having been waveform-shaped
has a level smaller than the first ideal value and equal to or
greater than the first reference value, to thereby have a
second count, (g3) comparing the first and second counts to
each other, (g4) increasing the first ideal value and the first
reference value by a predetermined value when the first
count is greater than the second count, or decreasing the first
ideal value and the first reference value by a predetermined
value when the second count is greater than the first count,
(g5) counting how many times a digital signal having been
waveform-shaped has a level equal to or greater than the
fourth ideal value and smaller than the third ideal value, to
thereby have a third count, (g6) counting how many times a
digital signal having been waveform-shaped has a level
smaller than the fourth ideal value, to thereby have a fourth
count, (g7) comparing the third and fourth counts to each
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other, and (g8) increasing the third reference value and the
fourth ideal value by a predetermined value when the third
count is greater than the fourth count, or decreasing the third
reference value and the fourth ideal value by a predeter-
mined value when the fourth count is greater than the third
count.

In accordance with the present invention, even if a central
level and an amplitude of demodulated signals are varied,
since conformity to a central level and variation of reference
values are always carried out, it would be possible accu-
rately follow variation in demodulated signals which varia-
tion occurs while signals are being received, ensuring
enhancement in sensitivity of the quaternary FSK receiver.

The above and other objects and advantageous features of
the present invention will be made apparent from the fol-
lowing description made with reference to the accompany-
ing drawings, in which like reference characters designate
the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing how an amplitude of a
demodulated signal varies.

FIG. 2 is a block diagram of a quaternary FSK receiver in
accordance with the first embodiment of the present inven-
tion.

FIG. 3 is a block diagram of the radio signal receiving
circuit which is a part of the quaterxiary FSK receiver
illustrated in FIG. 2.

FIG. 4 is a graph showing a relation between a demodu-
lated signal and a reference values.

FIG. 5 is a block diagram of the reference value estab-
lishing circuit which is a part of the quaternary FSK receiver
illustrated in FIG. 2.

FIG. 6 illustrates a timing at which a signal is allowed or
disallowed to be waveform-shaped and a reference value is
allowed or disallowed to vary.

FIG. 7 is a block diagram of the reference value estab-
lishing circuit which is a part of the quaternary FSK receiver
in accordance with the second embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 is a block diagram illustrating a structure of the
quaternary FSK receiver in accordance with the first
embodiment. In the first embodiment, a quaternary FSK
receiver in accordance with the present invention is applied
to a radio signal selective calling receiver.

As illustrated in FIG. 2, a quaternary FSK receiver in
accordance with the first embodiment is comprised of an
antenna 1, a radio signal receiving circuit 2 electrically
connected to the antenna 1, a decoder 5 electrically con-
nected to the radio signal receiving circuit 2, a central
processing unit (CPU) 18 electrically connected to the
decoder 5, and an annunciating circuit 19 electrically con-
nected to the decoder 5.

FIG. 3 is a block diagram illustrating a structure of the
radio signal receiving circuit 2.

As illustrated in FIG. 3, the radio signal receiving circuit
2 is comprised of a mixer 30 electrically connected to the
antenna 1, a frequency-voltage (f-V) converter 31 electri-
cally connected to the mixer 30, a low pass filter 32
electrically connected to the -V converter 31 and transmit-
ting a demodulated signal 3, and a comparator 34 receiving
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the demodulated signal 3 from the low pass filter 32 and
transmitting a comparison signal 4. A reference voltage 33
is applied to the comparator 34.

The mixer 30 converts a frequency of a radio signal
having been received through the antenna 1 by multiplying
it by a local signal.

The £-V converter 31 converts the signal having been
frequency-converted by the mixer 30 into a voltage signal.

The low pass filter 32 remove higher harmonics from the
voltage signal transmitted from the f-V converter 31, to
thereby output the demodulated signal 3.

The comparator 34 compares the reference voltage 33
which is an intermediate voltage of an amplitude of the
demodulated signal 3 to the demodulated signal 3, and
outputs comparison result as the comparison signal 4.

Referring back to FIG. 2, the decoder 5 is comprised of an
analog-digital (A/D) converter 6 receiving the demodulated
signal 3 from the radio signal receiving circuit 2, a voltage
reference top (VRT) 7 electrically connected to the A/D
converter 6, a voltage reference bottom (VRB) 8 electrically
connected to the A/D converter 6, a phase synchronizing
circuit 9 receiving the comparison signal 4 from the radio
signal receiving circuit 2, a first timing circuit 10 electrically
connected to the A/D converter 6 and the phase synchro-
nizing circuit 9, a second timing circuit 11, an average
calculating circuit 12, a waveform shaping circuit 13 elec-
trically connected to the A/D converter 6 and the average
calculating circuit 12, a reference value varying circuit 14,
an initial value generating circuit 15 electrically connected
to the reference value varying circuit 14, a sign judging
circuit 16, and a data storing circuit 17.

The voltage reference top (VRT) 7 determines an upper
limit in analog-digital conversion to be carried out by the
A/D converter 6. The voltage reference bottom (VRB) 8
determines a lower limit in analog-digital conversion to be
carried out by the A/D converter 6.

The A/D converter 6 converts the demodulated signal 3
into a digital signal at an accuracy obtained when a range of
a voltage defined by VRT 7 and VRB 8 is divided with 8-bit
resolution or divided by 256.

Since a range of a voltage of the demodulated signal 3
transmitted from the radio signal receiving circuit 2 is
already known, a range of a voltage defined by VRT 7 and
VRB 8 can be set as a fixed voltage which can entirely cover
a range of a voltage of the demodulated signal 3.

Hereinbelow is explained a relation between the demodu-
lated signal 3 and a reference value which relation is
established when the demodulated signal 3 is analog-digital
converted by means of the 8-bit A/D converter 6, with
reference to FIG. 4.

Since the demodulated signal 3 passes through the low
pass filter 32 in a signal modulation step, the demodulated
signal 3 depicts a sine curve, as illustrated in FIG. 4. Thus,
there exist four waveform peaks in a quaternary FSK signal,
and those four peaks correspond to quaternary gray signs
“107, “117, “01” and “00”. When the demodulated signal 3
is A/D converted by means of the 8-bit A/D converter 6, the
demodulated signal 3 is converted digital signs “00H”,
“20H”, “40H”, “60H”, “80H”, “AOH”, “COH”, “EOH”, and
“FFH”. Herein, “H” means hexadecimal number system. In
FIG. 4, “00”, “01”, “11” and “10” correspond to “20H”,
“60H”, “AOH ” and “EOH”, respectively.

If a radio signal is received without being influenced by
noises and so on, there has to theoretically exist the above-
mentioned four levels. However, radio signal receiving
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levels have variance caused by noises and reduction in an
electric field level, and hence, it would be necessary to
establish a reference value for distinguishing signs from one
another. It is optimal that reference values associated with
respective signs are set intermediate between adjacent signs.
Hence, a reference value intermediate between quaternary
signs “10” and “11” is set as “COH” corresponding to a first
reference value, a reference value intermediate between
quaternary signs “11” and “01” is set as “80H” correspond-
ing to a second reference value, and a reference value
intermediate between quaternary signs “01” and “00” is set
as “40H” corresponding to a third reference value.

The first timing circuit 10 controls a timing at which the
A/D converter 6 receives data for A/D conversion. The
phase synchronizing circuit 9 detects a difference in phase
between the comparison signal 4 and the first timing circuit
10, and controls the first timing circuit 10 for phase-
synchronization. As a result, the first timing circuit 10 can
start A/D conversion at a timing at which an eye pattern of
the demodulated signal 3 is open to the greatest degree.

The average calculating circuit 12 calculates an average
of digital signals having been converted by means of the A/D
converter 6. The waveform shaping circuit 13 entirely
increases or decreases values of the digital signals transmit-
ted from the A/D converter 6 in such a manner that an
average calculated by the average calculating circuit 12
becomes equal to the second reference, that is, “80H ” in
FIG. 4.

The initial value generating circuit 15 generates the first
to third reference values to be used for judging a sign of a
signal, and also generates first to fourth ideal values each
associated with each of quaternary signs, if the demodulated
signal 3 had an ideal amplitude.

The second timing circuit 11 disallows the reference value
varying circuit 14 to vary a reference value while a syn-
chronization signal is being received, and allows the refer-
ence value varying circuit 14 to vary a reference value after
a synchronization signal has been detected.

The reference value varying circuit 14 gradually varies
the first reference value by a predetermined value at a timing
indicated by the second timing circuit 11, in accordance with
the sign “10” which is the greatest level among the digital
signals having been waveform-shaped by the waveform
shaping circuit 13. In addition, the reference value varying
circuit 14 gradually varies the third reference value by a
predetermined value at a timing indicated by the second
timing circuit 11, in accordance with the sign “00” which is
the smallest level among the digital signals having been
waveform-shaped by the waveform shaping circuit 13.

The first and third reference values are gradually varied
by a predetermined value by means of the reference value
varying circuit 14, as mentioned above. In the instant
embodiment, since the first and third reference values are
constituted of digital signals, a minimum value in the
above-mentioned predetermined value is equal to one (1).

FIG. 5 is a block diagram of the reference value varying
circuit 14. With reference to FIG. 5, the reference value
varying circuit 14 is comprised of a comparator 40.

The comparator 40 is divided into eight blocks A to H, and
assigned initial values EOH, COH, AOH, 80H, 60H, 40H and
20H as initial values at boundaries between the eight blocks.
Among those initial values, “COH”, “80H” and “40H” are
assigned as the first, second and third reference values,
respectively.

Some of the boundaries of the comparator 40 are designed
to be variable. The reference value varying circuit 14 carries
out a control as follows.
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If a digital signal having been transmitted from the
waveform shaping circuit 13 had a level existing in the block
A, one (1) is added to both the first ideal value (EOH) and
the first reference value (COH).

If a digital signal having been transmitted from the
waveform shaping circuit 13 had a level existing in the block
B, one (1) is subtracted from both the first ideal value (EOH)
and the first reference value (COH).

If a digital signal having been transmitted from the
waveform shaping circuit 13 had a level existing in the block
G, one (1) is added to both the third reference value (40H)
and the fourth ideal value (20H).

If a digital signal having been transmitted from the
waveform shaping circuit 13 had a level existing in the block
H, one (1) is subtracted from both the third reference value
(40H) and the fourth ideal value (20H).

Allowance or disallowance for varying the reference
values and the ideal values by the reference value varying
circuit 14 is controlled by the second timing circuit 11.
Specifically, the reference and ideal values are not varied
while a synchronization signal is being received.

The sign judging circuit 16 converts a digital signal
having been waveform-shaped, into a quaternary digital sign
in accordance with a reference value determined by the
reference value varying circuit 14.

The data storing circuit 17 stores therein signs having
been judged by the sign judging circuit 16.

The central processing unit (CPU) 18 annunciates the
annunciating circuit 19 that there has been a call, if a
predetermined calling message is stored in the data storing
circuit 17.

Hereinbelow is explained an operation of the quaternary
FSK receiver in accordance with the first embodiment.

A radio signal having been received through the antenna
1 I converted into an electric signal in the radio signal
receiving circuit 2, and then, further converted into the
demodulated signal 3, or further into the comparison signal
4.

The demodulated signal 3 is converted from an analog
signal into a digital signal by means of the A/D converter 6
in a range of a voltage defined by VRT 7 and VRB 8.

The average calculating circuit 12 calculates an average
of the digital signals transmitted from the A/D converter 6.
The waveform shaping circuit 13 detects a gap between the
average having been calculated by the average calculating
circuit 12 and the second reference value, and makes such
gradual control that a center of a level of a digital signal
becomes equal to the second reference, ensuring reduction
influence exerted by fluctuation in a central value of the
demodulated signal 3 which fluctuation is caused by varia-
tion in characteristic of the £-V converter 31 and so on.

The initial value generating circuit 15 generates the first,
second and third reference values, and transmits the thus
generated first to third reference values to the reference
value varying circuit 14. The reference value varying circuit
gradually varies the first reference value by a predetermined
value at a timing indicated by the second timing circuit, in
accordance with the level “10”, and gradually varies the
third reference value by a predetermined value at a timing
indicated by the second timing circuit, in accordance with
the level “00”.

The signal sign judging circuit 16 judges a sign of the
signals having been waveform-shaped by the waveform
shaping circuit 13, based on a reference value established by
the reference value varying circuit 14, and stores the thus
judged signals in the data storing circuit 17.
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The central processing unit (CPU) 18 annunciates the
annunciating circuit 19 that there has been a call, if a calling
message which is stored in advance in CPU 18 is stored in
the data storing circuit 17.

In the quaternary FSK receiver in accordance with the
first embodiment, even if a central level in the demodulated
signal 3 becomes different from an ideal one due to variation
in characteristic of the radio signal receiving circuit 2, a sign
of a signal is judged through the use of an average of
received data as a reference value. Hence, it is possible to
receive signals without deterioration in an accuracy with
which a sign of a signal is to be judged.

Even if the demodulated signal 3 had an amplitude which
is different from an ideal one due to variance in character-
istic of the -V converter 31 constituting the radio signal
receiving circuit 2, the first and third reference values are
gradually varied by the reference value varying circuit 14,
which ensures no error in judging a sign in the signal sign
judging circuit 16.

FIG. 6 shows a timing at which a signal is allowed or
disallowed to be waveform-shaped and a reference value is
allowed or disallowed to vary.

In general, a radio signal selective calling receiver first
receives a synchronization signal, and then, a message
signal. As illustrated in FIG. 6, while a synchronization
signal and a message signal are being received, waveform
shaping is always allowed to be carried out. That is, there is
always carried out such waveform shaping that an average
of received data becomes equal to the second reference
value.

Variation in the first and third reference signals is con-
trolled by the second timing circuit 11. Specifically, the first
and third reference values are not allowed to vary while a
synchronization signal is being received. The reason is as
follows. Since waveform shaping is gradually carried out in
accordance with variation in a central level of the demodu-
lated signal 3, waveform shaping may not be completed
while a synchronization signal is being received. If a refer-
ence value is caused to vary before waveform shaping is
completed, a reference value may be caused to vary in an
opposite direction. For this reason, the first and third refer-
ence values are disallowed to vary before a synchronization
signal is completed.

After a synchronization signal has been detected, the first
and third reference values are allowed to vary. That is, the
first and third reference values are gradually varied in
accordance with a level of the demodulated signal 3.

In the quaternary FSK receiver in accordance with the
first embodiment, even if a central level and an amplitude of
the demodulated signal 3 are varied, a digital signal is
waveform-shaped such that a central level thereof becomes
equal to the second reference, and the first and third refer-
ence values are gradually increased or decreased. As a result,
the quaternary FSK receiver accurately follows variation in
the demodulated signal which variation is caused while a
radio signal is being received, ensuring enhancement in
sensitivity of the quaternary FSK receiver.

FIG. 7 is a block diagram of a reference value varying
circuit 24 which is a part of the quaternary FSK receiver in
accordance with the second embodiment. The quaternary
FSK receiver in accordance with the second embodiment is
structurally different from the quaternary FSK receiver in
accordance with the first embodiment only in that the
reference value varying circuit 14 is replaced with the
reference value varying circuit 24 illustrated in FIG. 7.

With reference to FIG. 7, the reference value varying
circuit 24 is comprised of the comparator 40 which is the
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same as the comparator employed in the reference value
varying circuit 14, a first counter 41 associated with the
block A, a second counter 42 associated with the block B, a
third counter 43 associated with the block G, a fourth
counter 44 associated with the block H, a first comparator 45
which compares output signals transmitted from the first and
second counters 41 and 42 to each other, a second compara-
tor 46 which compares output signals transmitted from the
third and fourth counters 43 and 44 to each other, a first
timing circuit 47 transmitting first timing signals to the first
counter 41, the second counter 42 and the first comparator
45, and a second timing circuit 48 transmitting second
timing signals to the third counter 43, the fourth counter 44
and the second comparator 46.

The first counter 41 counts a number by which a level of
the demodulated signal 3 exists in the block A. Similarly, the
second counter 42 counts a number by which a level of the
demodulated signal 3 exists in the block B.

The first comparator 45 compares a count of the first
counter 41 to a count of the second counter 42. If a count of
the first counter 41 is greater than a count of the second
counter 42, one (1) is added to both the first ideal value and
the first reference value. On the other hand, if a count of the
second counter 42 is greater than a count of the first counter
41, one (1) is subtracted from both the first ideal value and
the first reference value. A period of time for sampling data,
that is, a timing at which the reference value is caused to
vary is controlled by the first timing circuit 47.

The third counter 43 counts a number by which a level of
the demodulated signal 3 exists in the block G. Similarly, the
fourth counter 44 counts a number by which a level of the
demodulated signal 3 exists in the block H.

The second comparator 46 compares a count of the third
counter 43 to a count of the fourth counter 44. If a count of
the third counter 43 is greater than a count of the fourth
counter 44, one (1) is added to both the third reference value
and the fourth ideal value. On the other hand, if a count of
the fourth counter 44 is greater than a count of the third
counter 43, one (1) is subtracted from both the third refer-
ence value and the fourth ideal value. A period of time for
sampling data, that is, a timing at which the reference value
is caused to vary is controlled by the second timing circuit
48.

In accordance with the second embodiment, even if levels
of the demodulated signals 3 are temporarily disturbed due
to noises and so on, since the first and third reference values
are caused to vary under majority rule of a plurality of data,
it would be possible to prevent the first and third reference
values from being wrongly varied.

In the above-mentioned first and second embodiments,
the present invention is applied to a radio signal selective
calling receiver. However, it should be noted that the present
invention may be applied to any radio signal communication
device other than a radio signal selective calling receiver.

In the above-mentioned first and second embodiments,
the demodulated signal 3 is converted from an analog signal
to a digital signal by virtue of 8-bit resolution. However, it
should be noted that the demodulated signal 3 may be
converted from an analog signal to a digital signal by virtue
of N-bit resolution wherein N is an integer other than 8.

While the present invention has been described in con-
nection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives, modifi-
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cations and equivalents as can be included within the spirit
and scope of the following claims.

The entire disclosure of Japanese Patent Application No.
10-247425 filed on Sep. 1, 1998 including specification,
claims, drawings and summary is incorporated herein by
reference in its entirety.

What is claimed is:

1. A quaternary FSK receiver comprising:

(a) a receiver which receives quaternary FSK applied
signals and converts the thus received quaternary FSK
applied signals into demodulated signals;

(b) an initial value generator which, when said demodu-
lated signals have ideal amplitudes, generates first,
second, third and fourth ideal values each correspond-
ing to each of signs of a quaternary, and also generates
a first reference value intermediate between said first
ideal value and said second ideal value, a second
reference value intermediate between said second ideal
value and said third ideal value, and a third reference
value intermediate between said third ideal value and
said fourth ideal value;

(¢) an analog-digital converter which converts said
demodulated signals into digital signals;

(d) a sign judge which compares said digital signals to
said first to third reference values to thereby judge
which sign a received signal has among signs of a
quaternary,

(e) an average calculator which calculates an average of
said digital signals;

(f) a waveform shaper which always gradually entirely
increases or decreases said digital signals by a prede-
termined value so that said average is equal to said
second reference value; and

(g) a reference value generator which varies said first
reference value in accordance with a digital signal
having a value equal to or greater than said first
reference value, among said digital signals having been
waveform-shaped by said waveform shaper, and also
varies said third reference value in accordance with a
digital signal having a level equal to or smaller than
said third reference value, among said digital signals
having been waveform-shaped by said waveform
shaper.

2. The quaternary FSK receiver as set forth in claim 1,
further comprising a timing controller which disallows said
reference value generator to vary a reference value while a
synchronization signal is being received, and allows said
reference value generator to vary a reference value after said
synchronization signal has been received.

3. The quaternary FSK receiver as set forth in claim 1,
wherein said reference value generator

increases said first ideal value and said first reference
value by a predetermined value when a digital signal
having been waveform-shaped by said waveform
shaper has a level equal to or greater than said first ideal
value,

decreases said first ideal value and said first reference
value by a predetermined value when a digital signal
having been waveform-shaped by said waveform
shaper has a level smaller than said first ideal value and
equal to or greater than said first reference value,

increases said third reference value and said fourth ideal
value by a predetermined value when a digital signal
having been waveform-shaped by said waveform
shaper has a level smaller than said third reference
value and equal to or greater than said fourth ideal
value, and
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decreases said third reference value and said fourth ideal
value by a predetermined value when a digital signal
having been waveform-shaped by said waveform
shaper has a level smaller than said fourth ideal value.

4. The quaternary FSK receiver as set forth in claim 1,

wherein said reference value generator is comprised of:

(a) a first counter which counts how many times a digital
signal having been waveform-shaped by said wave-
form shaper has a level equal to or greater than said first
ideal value;

(b) a second counter which counts how many times a
digital signal having been waveform-shaped by said
waveform shaper has a level smaller than said first ideal
value and equal to or greater than said first reference
value;

(c) a first comparator which compares counts of said first
and second counters to each other, and increases said
first ideal value and said first reference value by a
predetermined value when a count of said first counter
is greater than a count of said second counter, and
decreases said first ideal value and said first reference
value by a predetermined value when a count of said
second counter is greater than a count of said first
counter;

(d) a third counter which counts how many times a digital
signal having been waveform-shaped by said wave-
form shaper has a level equal to or greater than said
fourth ideal value and smaller than said third ideal
value;

(e) a fourth counter which counts how many times a
digital signal having been waveform-shaped by said
waveform shaper has a level smaller than said fourth
ideal value; and

(f) a second comparator which compares counts of said
third and fourth counters to each other, and increases
said third reference value and said fourth ideal value by
a predetermined value when a count of said third
counter is greater than a count of said fourth counter,
and decreases said third reference value and said fourth
ideal value by a predetermined value when a count of
said fourth counter is greater than a count of said third
counter.

5. A method of judging signals in a quaternary FSK

receiver, comprising the steps of:

(a) converting quaternary FSK applied signals having
been received, into demodulated signals;

(b) generating first, second, third and fourth ideal values
each corresponding to each of signs of a quaternary,
and also generating a first reference value intermediate
between said first ideal value and said second ideal
value, a second reference value intermediate between
said second ideal value and said third ideal value, and
a third reference value intermediate between said third
ideal value and said fourth ideal value, when said
demodulated signals have ideal amplitudes;

(c) converting said demodulated signals into digital sig-
nals;

(d) comparing said digital signals to said first to third
reference values to thereby judge which sign a received
signal has among signs of a quaternary;

(e) calculating an average of said digital signals;

(f) gradually entirely increasing or decreasing said digital
signals all the time by a predetermined value so that
said average is equal to said second reference value;
and
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(g) varying said first reference value in accordance with a
digital signal having a value equal to or greater than
said first reference value, among said digital signals
having been waveform-shaped by said waveform
shaper, and also varying said third reference value in
accordance with a digital signal having a level equal to
or smaller than said third reference value, among said
digital signals having been waveform-shaped by said
waveform shaper.

6. The method as set forth in claim 5, further comprising
the step of disallowing a reference value to be varied while
a synchronization signal is being received, and allowing a
reference value to be varied after said synchronization signal
has been received.

( )7. The method as set forth in claim 5, wherein in said step
g)

said first ideal value and said first reference value are
increased by a predetermined value when a digital
signal having been waveform-shaped has a level equal
to or greater than said first ideal value,

said first ideal value and said first reference value are
decreased by a predetermined value when a digital
signal having been waveform-shaped has a level
smaller than said first ideal value and equal to or greater
than said first reference value,

said third reference value and said fourth ideal value are
increased by a predetermined value when a digital
signal having been waveform-shaped has a level
smaller than said third reference value and equal to or
greater than said fourth ideal value, and

said third reference value and said fourth ideal value are
decreased by a predetermined value when a digital
signal having been waveform-shaped has a level
smaller than said fourth ideal value.

8. The method as set forth in claim 5, wherein said step

(g) includes the steps of:

(g1) counting how many times a digital signal having
been waveform-shaped has a level equal to or greater
than said first ideal value, to thereby have a first count;

(g2) counting how many times a digital signal having
been waveform-shaped has a level smaller than said
first ideal value and equal to or greater than said first
reference value, to thereby have a second count;

(g3) comparing said first and second counts to each other;

(g4) increasing said first ideal value and said first refer-
ence value by a predetermined value when said first
count is greater than said second count, or decreasing
said first ideal value and said first reference value by a
predetermined value when said second count is greater
than said first count;

(g5) counting how many times a digital signal having
been waveform-shaped has a level equal to or greater
than said fourth ideal value and smaller than said third
ideal value, to thereby have a third count;

(g6) counting how many times a digital signal having
been waveform-shaped as a level smaller than said
fourth ideal value, to thereby have a fourth count;

(g7) comparing said third and fourth counts to each other;
and

28) increasing said third reference value and said fourth
ideal value by a predetermined value when said third
count is greater than said fourth count, or decreasing
said third reference value and said fourth ideal value by
a predetermined value when said fourth count is greater
than said third count.





