10

15

20

25

SPECIFICATION
T I NTI
"Receiving Circuit"
BACKGROUND OF THE INVENTION
[Field of the Invention]

The present invention relates to a receiving circuit, and more
particularly to a receiving circuit which permits simplification of its
circuit arrangement and which further allows less power for a
receiving system concurrent with reduction of power consumption.
[Description of the Prior Art]

One of important points needed for a receiving circuit in
communications is to possibly reduce high-frequency circuit
portions to thereby lessen a high power consumption factor,
unstable operation factor and high manufacturing cost inherent in
the high-frequency circuit, coupled with a space occupied by that
circuit. These points are particularly important for mobile
communication systems and others. For the reduction of the high-
frequency circuit portions, a direct demodulation method has been
proposed heretofore in terms of multiple frequency conversion and
carrier frequency, thus accomplishing the direct conversion into a
low frequency and the direct demodulation into a baseband. The
aforesaid high-frequency circuit portion mainly constitutes a space
diversity reception function necessitating two antenna systems.

As the direct demodulation method, there have been

developed a number of methods in which a local oscillator generates
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a signal with a frequency equal to the carrier frequency which in
turn, is mixed with a received input wave to derive a baseband
signal therefrom. This direct demodulation method is made to
produce a high-frequency signal with a frequency equal to the
received signal frequency, and the high-frequency signal can be
easy to release or emit in the air through an antenna of the receiver.
Accordingly, another receiver adjacent thereto undergoes
interferences to be inhibited from establishing communications. For
this reason, this method has chiefly been adopted for
communications based on frequency modulation methods which are
relatively strong to single frequency interferences.

On the other hand, radio portable telephones, being recently
rapidly put in widespread use, rely on a so-called PSK which is one
amplitude transport modulation method, and the single frequency
interference produces an offset in a demodulated output to
deteriorate the error rate of a received signal. That is, since the
local oscillation frequency can not take the carrier frequency, in this
kind of communication method difficulty is encountered in direct
frequency conversion and direct demodulation. One approach to
resolve such a technical problem involves a method which, if a
carrier frequency for a radio portable telephone is taken as fc and
an offset frequency is taken to be fo, obtains fc + fo and fc - fo in
order to brovide a frequency-offset complementary local oscillation
frequency for a frequency conversion. For carrying out this method,

fc + fo and fc - fo are obtainable by multiplication process of fc and
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fo through a mixer (ffequency mixer), while both signals fc + fo and
fc - fo coexist in an output. More specifically, although the aforesaid
process independently requires signals with the respective
frequencies, the prior system can not practically satisfy this
requirement. The prior system essentially employs filters for the
respective frequencies, while suffering a disadvantage that a carrier
frequency for a desired signal is variable and hence the filters need
to designed to cope with the frequency variations.

SUMMARY OF THE INVENTION

The present invention has been developed with a view to

resolving the prior problems, and it is therefore a general object of

the present invention to provide a receiving circuit in a

‘communication system with a plurality of channels, which is capable

of lessening the power necessary in a receiving system and of
reducing the power consumption with a simplified circuit.

. Another general object of this invention is to provide a
receiving circuit which can provide the frequencies fc + fo and fc - fo
for elimination of the problems related to the aforementioned
ordinary methods.

More specifically, an object of this invention is to provide a
receiving circuit which performs a direction frequency conversion of
a frequency in between the channels of a receiving system as a local
frequency of a receiver and prevents the occurrence of the
frequency offset in its output signal and the mixing of a signal of the

adjacent channels thereinto.
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In addition, a further object of this invention is to structurally
review functional parts making up a receiving circuit to reduce the
functional parts suffering from a large power consumption or
replace them with different ones.

For these purposes, as one example, a receiving circuit
according to this invention is composed of first and second
frequency converting circuits for accepting a received signal
obtained through an antenna, a local frequency signal generating
circuit for generating middle (intermediate) frequencies between a
radio carrier frequency of the received signal and radio carrier
frequencies of adjacent upside and downside channels and further
for outputting the upside frequency of the upside and downside two
wave frequencies as a conversion frequency input to said first
frequency converting circuit and for outputting the downside
frequency thereof as a conversion frequency input to said second
frequency converting circuit, a common wave extracting circuit for
extracting a component present in common in both outputs of the
first and second frequency converting circuits, a frequency offset
circuit for removing a frequency offset remaining in an output of
the common wave extracting circuit, and a filter for removing an
unnecessary frequency component remaining in an output of the
frequency offset circuit.

In addition, in this invention, a means to resolve the prior
problems is added to a local frequency complementary offset type

direct frequency converting system, which bases this invention. A
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space diversity function can be realized with a receiving circuit
based on a single direct quadrature detector.

With this arrangement, a received signal obtained from an
antenna is fed to the first .and second frequency converting circuits,
while the local frequency signal generating circuit supplies, to the
first and second frequency converting circuits, two different
frequencies, i.e., the upside and downside frequencies corresponding
to central values between channels, thus producing two output
signals in terms of each of a desired wave, an upside channel and a
downside channel. Further, a desired wave channel signal being a
signal component present in common in both the first and second
frequency converting circuits is extracted in the common wave
extracting circuit. Since a frequency offset of wo remains in the
output of the common wave extracting circuit, a minute frequency
conversion is carried out in the offset frequency circuit to remove
the offset amount. Moreover, an unnecessary frequency component
generated in this process is removed through a filter, before the
resultant signal is supplied as a baseband signal to a baseband
signal processing section. |

In accordance with a preferred form of this invention, a
receiving circuit comprises first and second frequency converting
circuits for accepting a received signal obtained through an antenna,
a local frequency signal generating circuit coupled to the first and
second frequency converting circuits for generating middle

frequencies between a radio carrier frequency of the received signal
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and radio carrier frequencies of adjacent upside and downside
channels and further for outputting the upside frequency of the
upside and downside two wave frequencies as a conversion
frequency input to the first frequency converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to the second frequency comverting circuit, a
common wave extracting circuit for extracting a component present
in common in both outputs of the first and second frequency
converting circuits, a frequency offset circuit for removing a
frequency offset remaining in an output of the common wave
extracting circuit, and a filter for removing an unnecessary
frequency component remaining in an output of the frequency
offset circuit.

In another preferred form of this invention, a receiving circuit
comprises first and second frequency converting circuits for
accepting a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
frequency converting circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first frequency converting circuit and for outputting the
downside frequency thereof as a conversion frequency input to the

second frequency converting circuit, a first frequency offset circuit
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for removing a frequency offset contained in an output of the first
frequency converting circuit, a second frequency offset circuit for
removing a frequency offset contained in an output of the second
frequency converting circuit, a common wave extracting circuit for
extracting a component present in common in both outputs of the
first and second frequency offset circuits, and a filter for removing
an unnecessary frequency component left in an output of the
common wave extracting circuit.

In a further preferred form of this invention, a receiving
circuit comprises first and second frequency converting circuits for
accepting a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
frequency converting circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first frequency converting circuit and for outputting the
downside frequency thereof as a conversion frequency input to the
second freciuency converting circuit, first quantizing means for
quantizing an output of the first frequency converting circuit,
second quantizing means for quantizing an output of the second
frequency converting circuit, a common wave extracting circuit for
extracting a component present in common in both outputs of the

first and second quantizing means, a frequency offset circuit for
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removing a frequency offset remaining in an output of the common
wave extracting circuit; and a filter for removing an unnecessary
frequency component left in an output of the frequency offset

circuit.

In a further preferred form of this invention, a receiving

- circuit comprises first and second frequency converting circuits for

accepting a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
frequency converting circuits | for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first frequency converting circuit and for outputting the
downside frequency thereof as a conversion frequency input to the
second frequency converting circuit, first quantizing means for
quantizing an output of the first frequency converting circuit,
second quantizing means for quantizing an output of the second
frequency converting circuit, a first frequency offset circuit for
removing a frequency offset contained in an output of the first
quantizing means, a second frequency offset circuit for removing a
frequency offset contained in an output of the second quantizing
means, a common wave extracting circuit for extracting a component
present in common in both outputs of the first and second

frequency offset circuits, and a filter for removing an unnecessary
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frequency component left in an output of the common wave
extracting circuit.

In a further preferred form of this invention, a receiving
circuit comprises first and second quadrature (orthogonal)
demodulating circuits for receiving a received signal obtained
through an antenna, a local frequency signal generating circuit
coupled to the first and second quadrature demodulating circuits for
generating middle frequencies between a radio carrier frequency of
the received signal and radio carrier frequencies of adjacent upside
and downside channels and further for outputting the ups'ide
frequency of the upside and downside two wave frequencies as a
conversion frequency input to the first quadrature demodulating
circuit and for outputting the downside frequency as a conversion
frequency input to the second quadrature demodulating circuit, a
first common wave extracting circuit coupled to the first and second
quadrature demodulating circuits for extracting a component
present in common in both I outputs of the first and second
quadrature demodulating circuits, a second common wave extracting
circuit coupled to the first and second quadrature demodulating
circuits for extracting a component present in common in both a Q
output of the first quadrature demodulating circuit and a Q output
of the second quadrature demodulating circuit reversed in polarity,
a first frequency offset circuit for removing a frequency offset
remaining in the I output extracted through the first common wave

extracting circuit, a second frequency offset circuit for removing a
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frequency offset remaining in the Q output extracted through the
second common wave extracting circuit, a first filter for removing an
unnecessary frequency component remaining in an output of the
first frequency offset circuit, and a second filter for removing an
unnecessary frequency component remaining in an output of the
second frequency offset circuit.

In a further preferred form of this invention, a receiving
circuit comprises first and second quadrature demodulating circuits
for receiving a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
quadrature demodulating circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first quadrature demodulating circuit and for outputting the
downside frequency as a conversion frequency input to the second
quadrature demodulating circuit, first and second frequency offset
circuits for removing a frequency offset contained in common in I
outputs and Q outputs of the first and second quadrature
demodulating circuits, a first common wave extracting circuit for
extracting a component present in common in both the I outputs of
the first and second frequency offset circuits, a second common
wave extracting circuit for extracting a component present in

common in both the Q output of the first frequency offset circuit and
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the Q output of the second frequency offset circuit 61 reversed in
polarity, and first and second filters for removing unnecessary
frequency components remaining in outputs of the first and second
common wave extracting circuits.

In a further preferred form of this invention, a receiving
circuit comprises first and second quadrature demodulating circuits
for receiving a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
quadrature demodulating circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first quadrature demodulating circuit and for outputting the
downside frequency as a conversion frequency input to the second
quadrature demodulating circuit, first and second quantizing means
for quantizing an I output and a Q output of the first quadrature
demodulating circunit, respectively, third and fourth quantizing
means for quantizing an I output and a Q output of the second
quadrature demodulating circuit, respectively, a first common wave
extracting circuit for extracting a component present in common in
the I outputs of the first and third quantizing means, a second
common wave extracting circuit for extracting a component present
in common in the Q output of the second quantizing means and the Q

output of the fourth quantizing means reversed in polarity, a first

T —
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frequency offset circuit for removing a frequency offset remaining
in the I output extracted through the first common wave extracting
circuit, a second frequency offset circuit for removing a frequency
offset remaining in the Q output extracted through the second
common wave extracting circuit, a first filter for removing an
unnecessary frequency component left in an output of the first
frequency offset circuit, and a second filter for removing an
unnecessary frequency component left in an output of the second
frequency offset circuit. |

In a further preferred form of this invention, a receiving
circuit comprises first and second quadrature demodulating circuits
for receiving a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
quadrature demodulating circuits for generating middle frequency
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first quadrature demodulating circuit and for outputting the
downside frequency as a conversion frequency input to the second
quadrature demodulating circuit, first and second quantizing means
for quantizing an I output and a Q output of the first quadrature
demodulating circuit, respectively, third and fourth quantizing
means for quantizing an I output and a Q output of the second

quadrature demodulating circuit, respectively, a frequency offset
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circuit for removing frequency offsets remaining in the I outputs
and the Q outputs of the first to fourth quantizing means, a first
common wave extracting circuit for extracting a component present
in common in the I outputs of the frequency offset circuit, a second
common wave extracting circuit for extracting a component present
in common in the Q output and a polarity-reversed Q output of the
frequency offset circuit, a first filter for removing an unnecessary
frequency component left in the I output extracted through the first
common wave extracting circuit, and a second filter for removing an
unnecessary frequency component left in the Q output of the second
common wave extracting circuit.

Furthermore, according to this invention, in a receiving circuit,
a correlator for calculating a mutual correction is used in place of
the common wave extracting circuit.

In a receiving circuit according to this invention, only the first
frequency converting circuit is used for accepting the received
signal, and after a frequency conversion by the first frequency
converting circuit, a frequency-converted output of a side where no
frequency conversion is effected by the first frequency converting
circuit is obtained by another frequency converting circuit to attain
two frequency-converted outputs necessary for the common wave
extraction.

According to this invention, in a receiving circuit, only the first
frequency converting circuit is used for accepting the received

signal and only one of the first and second quantizing means is used
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for quantization, and after the quantization by the quantizing
means, a frequency-converted output of a side where no frequency
conversion is performed by the first frequency .converting circuit is
obtained by the digital frequency converting circuit to obtain two
frequency-converted digital outputs necessary for the common
wave extraction.

According to this invention, in a receiving circuit, only one of
the first and second quadrature demodulating circuits is used for
accepting the received signal, and two outputs of the quadrature
demodulating circuit are frequency-converted by the frequency
converting circuit to obtain a frequency-converted output of a side
where no quadrature demodulation is made, to obtain two
quadrature-demodulated outputs necessary for the common wave
extraction.

According to this invention, in a receiving circuit, only one of
the first and second quadrature demodulating circuits is used for
accepting the received signal and only the second and third
guantizing means are used, and after the quantization by the
quantizing means, two outputs of the quantizing means are
frequency-converted by the digital frequency converting circuit to
obtain a frequency-converted output of a side no quadrature
demodulation is effected, to obtain two quadrature-modulated
outputs necessary for the common wave extraction.

Furthermore, in a preferred form of this invention, a receiving

circuit comprises first and second frequency converting circuits for
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accepting a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
frequency converting circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first frequency converting circuit 2 and for outputting the
downside frequency thereof as a conversion frequency input to the
second frequency converting circuit, first and second integrating
circuits, serving additionally as low-pass filters, for receiving
outputs of the first and second frequency converting circuits
through input lines, first and second buffer amplifiers for receiving
outputs of the first and second integrating circuits, first and second
transformers having the same construction and having primary coils
whose one ends accepts outputs of the first and second buffer
amplifiers, the other ends of the primary coils of the first and
second transformers being grounded in the form of alternating
currents, and secondary coils of the first and second transformers
being coupled in parallel to each other in accordance with polarities
of the primary coils and one ends of the secondary coils equal in
polarity to the primary coils is used as an output terminal while the
other ends of the secondary coils are grounded, a third buffer
amplifier for accepting an output from the first and second

transformers, a frequency offset circuit for removing a frequency
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offset remaining in an output of the third buffer amplifier, and a
filter for removing an unnecessary frequency component remaining
in an output of the frequency offset.

In a further preferred form of this invention, a receiving
circuit comprises first and second frequency converting circuits for
accepting a received signal obtained through an antenna, a local
frequency signal generating circuit coupled to the first and second
frequency converting circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first frequency converting circuit and for outputting the
downside frequency thereof as a conversion frequemcy input to the
second frequency converting circuit, first and second differential
amplifiers for accepting outputs of the first and second frequency
converting circuits through input lines, first and second integrating
circuits, serving additionally as low-pass filters, for correspondingly
accepting outputs of the first and second differential amplifiers, first
and second buffer amplifiers for supplying outputs of the first and
second integrating circuits, means for making a feedback from an
output side of each of the first and second buffer amplifiers to a
negative input side thereof, first and second transformers having
the same construction and having primary coils whose one ends

accepts outputs of the first and second buffer amplifiers, the other
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ends of the primary coils of the first and second transformers being
at least grounded in the form of alternating curremts, and secondary
coils of the first and second transformers being coupled in parallel
to each other in accordance with polarities of the primary coils and
one ends of the secondary coils equal in polarity to the primary coils
is used as an output terminal while the other ends of the secondary
coils are at least grounded in the form of alternating currents, a
third buffer amplifier for accepting outputs of the first and second
transformers, means for comparing an output of the third buffer
amplifier with an average of the output of the first frequency
converting circuit and the output of the second frequency
converting circuit to correct the outputs of the first and second
frequency converting circuits, means for causing an output of the
third buffer amplifier to be feedbacked to one of the first and
second frequency converting circuits to correct a difference between
the outputs of the first and second frequency converting circuits, a
frequency offset circuit for removing a frequency offset remaining
in the output of the third buffer amplifier, and a filter for removing
an unnecessary frequency component remaining in an output of the
frequency offset circuit.

In accordance with this invention, in receiving circuit, the one
end of the secondary coil different in polarity from the primary coil
is connected with the third buffer amplifier in place of the end end
of the secondary coil equal in polarity to the primary coil being

connected therewith.
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In accordance with this invention, in a receiving circuit, the
one end of the secondary coil different in polarity from the primary
coil is connected with the third buffer amplifier in place of the end
end of the secondary coil equal in polarity to the primary coil being
connected therewith.

A receiving circuit according to this invention further
cémprises local frequency generating means including a first
frequency signal source for generating a signal with a frequency
equal to a carrier frequency of a desired receiving signal, first
means for accepting a signal from the first frequency signal source
to phase-shift the accépted signal by a phase amount of =n/2 with
respect to a frequency of the accepted signal, a second frequency
signal source for generating a frequency signal equal to 1/2 of a
frequency channel spacing, second means for accepting a signal from
the second frequency signal source to phase-shift a frequency of the
accepted signal by a phase amount of =n/2, a first quadrature
modulator comprising a multiplier for receiving the two signals from
the first and second frequency signal sources and a multiplier for
receiving two signals from the first and second phase-shifting
means, and a second quadrature modulator comprising two
multipliers for receiving one of the two signals from the first and
second frequency signal sources through the phase-shifting means.

A receiving circuit according to this invention further
comprises local frequency generating means including a first

frequency signal source for generating a frequency signal equal to a
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carrier frequency of a desired receiving signal, first means for
accepting a signal from the first frequency signal source to phase-
shift the accepted signal by a phase amount of =n/2 with respect to a
frequency of the accepied signal, a second frequency signal source
for generating a frequency signal equal to 1/2 of a frequency
channel spacing, second means for accepting a signal from the
second frequency signal source to phase-shift a frequency of the
accepted signal by a phase amount of =/2, multipliers for receiving
the two signals from the first and second frequency signal sources,
and means for inverting the polarity of an output of one of the
multipliers to add the polarity-inverted output to an output of the
other multiplier.

A receiving circuit according to this invention further
comprises local frequency generating means including a frequency
signal source for generating a frequency signal equal to a carrier
frequency of a desired receiving signal, means for accepting a signal
from the frequency signal source to phase-shift the accepted signal
by a phase amount of n/2 in relation to a frequency of the accepted
signal, a quadrature modulator comprising two multipliers for
accepting a frequency signal from the frequency signal source
through the phase shifting means, and means for inverting the
polarity of an output of one of the two multipliers and for adding
the polarity-inverted output to an output of the other multiplier.

In accordance with this invention, a receiving circuit includes

means for analog-to-digital-converting first and second received
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signals obtained through one of the frequency converting circuits
and the quadrature demodulating circuits, first and second Fourier
transformers for accepting digital outputs of the analog-to-digital
converting means, respectively, a correlator for accepting outputs of
the first and second Fourier transformers at every frequency
component, a weighting function device for accepting an output of
the correlator, a weighting value multiplier for accepting an output
of the weighting function device, an adder for accepting the outputs
of the first and second Fourier transformers, and means for
inputting an addition result of the adder to the multiplier, and an
inverse Fourier transformer for accepting an output of the weighting
value multiplier, wherein an inverse Fourier transformed output of
the inverse Fourier transformer is used as a desired wave extraction
result.

Moreover, in a preferred form of this invention, a receiving
circuit comprises received signal inputting means for receiving a
received signal from an antenna, a quadrature demodulator for
carrying out a frequency converting process of the received signal
from the received signal inputting means, first and second analog-
to-digital converters for accepting an output signal of the
quadrature demodulator to convert its analog signal into a digital
signal, a sampling clock generator for generating, to the first and
second analog-to-digital converters, a clock with a frequency which
is more than two times a frequency corresponding to a bandwidth of

the received signal, an adding circuit for adding a delayed pulse
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train (sequence) to a pulse train from the sampling clock generator,
means for providing the pulse train from the sampling clock
gcneratof and the delayed pulse train as an sampling pulse for the
analog-to-digital converters, and means for extracting a quadrature
component of a desired receiving channel signal from digital output
data of the analog-to-digital converters.

In a further preferred form of this invention, a receiving
circuit comprises received signal inputting means for receiving a
received signal from an antenna, a quadrature demodulator for
carrying out a frequency converting process of the received signal
from the received signal inputting means, first and second analog-
to-digital converters for accepting an output signal of the
quadrature demodulator to convert its analog signal into a digital
signal, a sampling clock generator for generating, to the first and
second analog-to-digital converters, a clock with a frequency higher
than a frequency corresponding to a bandwidth of the received
signal, an adding circuit for adding a delayed pulse train to a pulse
train from the sampling clock generator, means for providing the
pulse train from the sampling clock generator and the delayed pulse
train as an sampling pulse for the analog-to-digital converters, and
means for extracting a quadrature component of a desired receiving
channel signal from digital output data of the analog-to-digital
converters, wherein one or more delayed pulse trains is generated
so that the pulse train from the sampling clock generator and the

delayed pulse train from the delayed pulse train adding circuit take
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a delayed time other than a phase difference corresponding to =« of a
frequency of the desired channel signal.

In accordance with this invention, in a receiving circuit, the
pulse train is generated from the sampling clock gexierator and the
delayed pulse train taking a phase difference time corresponding to
/2 relative to a frequency of the desired channel signal is
generated from the delayed pulse train adding circuit.

In a further preferred form of this invention, a receiving
circuit comprises received signal inputting means for receiving a
received signal from an antenna, first and second analog-to-digital
converters for accepting the received signal to convert the received
signal into a digital signal, a sampling clock generator for generating,
to the first and second analog-to-digital converters, a clock with a
frequency higher than a frequency corresponding to a bandwidth of
the received signal, an adding circuit for adding a delayed pulse
train to a pulse train from the sampling clock generator, means for
providing the pulse train from the sampling clock generator and the
delayed pulse train as an sampling pulse for the analog-to-digital
converters, and means for extracting a desired receiving channel
signal from digital output data of the analog-to-digital converters.

Furthermore, in accordance with this invention, in a receiving
circuit, in addition to the pulse train from the sampling clock
generator, the delayed pulse train taking a phase difference time

corresponding to =w/2 with respect to a frequency of the desired
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channel signal is generated from the delayed pulse train adding
circuit.

Moreover, in accordance with this invention, in a receiving
circuit, in addition to the pulse train from the sampling clock
generator, a plurality of delayed pulse trains taking a phase
difference time corresponding to =/2 in relation to a frequency of
the desired channel signal are generated from the delayed pulse
train adding circuit.

In a further preferred form of this invention, a receiving
circuit comprises received signal inputting means for receiving a
received signal from an antenna, an analog-to-digital converter for
accepting the received signal to convert the received signal into a
digital signal, a sampling clock generator for generating, to the
analog-to-digital converter, a clock with a frequency higher than a
frequency corresponding to a bandwidth of the received signal, an
adding circuit for adding a delayed pulse train to a pulse train from
the sampling clock generator, means for providing the pulse train
from the sampling clock generator and the delayed pulse train as an
sampling pulse for the analog-to-digital converter, and means for
extracting a desired receiving channel signal from digital output
data of the analog-to-digital converter.

In a still further preferred form of this invention, a receiving
circuit comprises received signal inputting means for accepting
received signals from a plurality of antennas, first and second

frequency converting means for accepting the received signals, a
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local oscillator for supplying, to the first and second frequency
converting means, an output at a frequency produced by providing
a frequency offset of 1/2 of a channel spacing frequency to a
desired carrier frequency, first and second analog-to-digital
converters for accepting signals from the first and second frequency
converting means, a sampling clock generator for generating, to the
analog-to-digital converters, a clock with a frequency higher than a
frequency corresponding -to a bandwidth of the received signal, an
adding circuit for adding a delayed pulse train to a pulse train from
the sampling clock generator, means for providing the pulse train
from the sampling clock generator and the delayed pulse train as an
sampling pulse for the analdg—to-digital converters, and means for
extracting a desired receiving channel signal from digital output
data of the analog-to-digital converters.

In accordance with this invention, in a receiving circuit, the
local oscillator for providing the output to the first and second
frequency converting means is provided independently so that local
oscillation frequencies are frequencies .produced by providing
positive and negative frequency offsets of 1/2 of a channel spacing
frequency with respect to the desired carrier frequency.

Furthermore, in accordance with this invention, in a receiving
circuit, the two received signals are supplied to the first and second

analog-to-digital converters without being frequency-converted.

BRIEF DESCRIPTION OF THE DRAWINGS

This Sheet 4,

L III fmd
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The object and features of the present invention will become

more readily apparent from the following detailed description of the

preferred embodiments taken in conjunction with.the accompanying

drawings in which:
Fig. 1 is a block diagram
receiving circuit according to a
Fig. 2 is a block diagram
receiving circuit according to a
Fig. 3 is a block diagram
receiving circuit according to a
Fig. 4 is a block diagram
receiving circuit according to a
Fig. 5 is a block diagram
receiving circuit according to a
Fig. 6 is a block diagram
receiving circuit according to a

Fig. 7 is a block diagram

showing an arrangement of a

first embodiment of this invention;
showing an arrangement of a

second embodiment of this invention;
showing an arrangement of a

third embodiment of this invention;
showing an arrangement of a

fourth embodiment of this invention;
showing an arrangement of a

fifth embodiment of this invention;
showing an arrangement of a

sixth embodiment of this invention;

showing an arrangement of a

receiving circuit according to a seventh embodiment of this

invention;

Fig. 8 is a block diagram

showing an arrangement of a

receiving circuit according to an eighth embodiment of this

invention,

Fig. 9 is a block diagram

showing an arrangement of a

receiving circuit according to a ninth embodiment of this invention;
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Fig. 10 is a block diagram showing an arrangement of a
receiving circuit according to a tenth embodiment of this invention;

Fig. 11 is a block diagram showing an arrangement of a
receiving circuit according to an eleventh embodiment of this
invention;

Fig. 12 is a block diagram showing an arrangement of a
receiving circuit according to a twelfth embodiment of this
invention;

Fig. 13 is a block diagram showing an arrangement of a
receiving circuit according to a thirteenth embodiment of this
invention;

Fig. 14 is a block diagram showing an arrangement of a
receiving circuit according to a fourteenth embodiment of this
invention;

Fig. 15 is an illustration of a concept of a transformer in the
fourteenth embodiment;

Fig. 16 is a block diagram showing an arrangement of a
receiving circuit according to a fifteenth embodiment of this
invention; |

Fig. 17 is a block diagram showing a concrete arrangement of a
receiving circuit according to the fifteenth embodiment of this
invention;

- Fig. 18 is a block diagram showing an arrangement of a
receiving circuit according to a sixteenth embodiment of this

invention;
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Fig. 19 is a block diagram showing an arrangement of a
receiving circuit according to a seventeenth embodiment of this
invention;

Fig. 20 is a diagrammatic view useful for describing a local
frequency setting method in embodiments of this invention;

Fig. 21 is a block diagram showing an arrangement of a
receiving circuit according to an eighteenth embodiment of this
invention;

Fig. 22 is a block diagram showing an arrangement of a
receiving circuit according to a nineteenth embodiment of this
invention;

Fig. 23 is a block diagram showing an arrangement of a
receiving circuit according to a twentieth embodiment of this
invention;

Fig. 24 is a block diagram showing an arrangement of a
receiving circuit according to a twenty first embodiment of this
invention;

Fig. 25 is a concept illustration of a transformer in a twenty
second embodiment of this invention;

Fig. 26 is an illustration for explaining a state of an alias
generated as a result of sampling by an A/D converter in the twenty
second embodiment of this invention;

Fig. 27 is an illustration of a state of a receiving channel in a

multi-channel communication system in this invention;
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Fig. 28 is an illustration of an A/D converted output with a
negative frequency region appearing in the twenty second
embodiment of this invention;

Fig. 29 is an illustration of a method of dividing a signal

component into quadrature components on the basis of a cosine

- function and a sin function by utilizing a =n/2 phase difference in the

twenty second embodiment of this invention;

Fig. 30 is an illustration of one example of a quadrature
sampling operation in the case of A/D conversion of two orthogonal
signals in the twenty second embodiment of this invention;

Fig. 31 is an illustration available for describing quadrature
sampling taking offset in consideration;

Fig. 32 is an illustration of an example of a quadrature
sampling operation different from those of Figs. 30 and 31 in the
case of the A/D conversion of two orthogonal signals in the twenty
second embodiment of this invention;

Fig. 33 is an illustration of sampling pulses obtainable in
performing the quadrature sampling operation shown in Fig. 32 in
the twenty second embodiment of this invention;

Fig. 34 is a block diagram showing an arrangement of a
receiving circuit according to a twenty third embodiment of this
invention;

Fig. 35 is an illustration of a quadrature sampling operation in
the case of A/D conversion of two orthogonal signals in the twenty

third embodiment of this invention;
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Fig. 36 is a block diagram showing an arrangement of a
receiving circuit according to a twenty fourth embodiment of this
invention;

Fig. 37 is an illustration of a quadrature sampling operation in
the case of A/D conversion of two orthogonal signals in the twenty
fourth embodiment of this invention;

Fig. 38 is a block diagram showing an arrangement of a
receiving circuit according to a twenty fifth embodiment of this
invention;

Fig. 39 is a simplified block diagram for describing one
operation of a sampling signal generating source portion in the
twenty fifth embodiment of this invention;

Fig. 40 is a simplified block diagram for describing another
operation of a sampling signal generating source portion in the
twenty fifth embodiment of this invention;

Fig. 41 is a simplified block diagram for describing a further
operation of a sampling signal generating source portion in the
twenty fifth embodiment of this invention;

Fig. 42 is a schematic illustration of the frequency disposition
for the Japanese standard digital type automobilc telephone system
used for description of a twenty sixth embodiment of this invention;

Fig. 43 is a schematic illustration of the channel disposition for
the Japanese standard digital type automobile telephone system in

Fig. 42;
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Fig. 44 is a block diagram showing an arrangement of a
receiving circuit accbfding to a twenty sixth embodiment of this
invention;

Fig. 45 is a block diagram showing an arrangement of a
receiving circuit according to a twenty seventh embodiment of this
invention;

Fig. 46 is a block diagram showing an arrangement of a
receiving circuit according to a twenty eighth embodiment of this
invention;

Fig. 47 is a block diagram showing an arrangement of a
receiving circuit according to a twenty ninth embodiment of this
invention; and

Fig. 48 is a block diagram showing an arrangement of a
receiving circuit according to a thirtieth embodiment of this
invention.

MOST PREFERRED EMBODIMENTS OF THE INVENTION

Prior to explanation of preferred embodiments of the present
invention, a description will be made hereinbelow of a logical
ground supporting the present invention. First of all, the description
starts with a binary PSK, i.e., BPSK, which has currently mostly been
employed in digital modulation ways. A BPSK signal Sg on a base
frequency, i.e., baseband, is expressible as follows.

SB = A cos (6k)
where A represents an amplitude, and 6k designates a phase

indicative of BPSK information, i.e., 8k =0, «.
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When this baseband signal is modulated with a carrier angular
frequency c, the resulting modulated signal Sc is expressible as
follows.

SC=SB(9k)>§acoscoct+SB(Gk-%n)xacos(mct-%n)

Ac=axA, k=0, =«
= Accos (wct+ 6k)

When this modulated signal is received and frequency-
converted with a local frequency wc for a frequency conversion, the

frequency-converted output SR can be given as follows.

Sr =S¢ X b cos wct

[ cos{ 2mct + 6k } + cos{ 6k }]

Ac-b
2

if using Ac2-b = AR
= Agr [ cos{ 2mct+ 0k } + cos{ 6k } ]

Further, this frequency-converted output Sr is passed through
a low-pass filter in order to remove (reject) a high-frequency
component 2wc, the resultant output SRF becomes as follows, thus

allowing the demodulation of the binary PSK, i.e., BPSK.



-32-

Sgrr = Ag cos (6k) 6k=0, &«

However, since in the receiving frequency conversion the local
oscillation frequency signal is set to wc equal to the carrier
frequency, this local oscillation frequency signal radiates from the
receiver into the air and can interfere with other nearby receivers.

In this invention, the local oscillation ffequency is set as

follows to eliminate such a problem. Fig. 20 illustrates a method of

" setting the local oscillation frequency according to this invention,

10 where character A indicates a band of a desired channel with its

15

20

25

carrier frequency being wc, character B denotes a band of an upside
adjacent (upper neighboring) channel, whose carrier frequency is
wcu, and character C depicts a band of a downside adjacent (lower
neighboring) channel which has a carrier frequency of wcr. The
spacing between the carrier frequencies of the respective channels
is approximately four times that of the base frequency @b in the
BPSK.

The bands of the respective channels assume the carrier
frequency * 2 wb. Accordingly, the locations remote by an amount
corresponding to the base frequency 2wb from the respective carrier
frequencies come to gorge positions between the channels. Even if
interference waves with a line spectrum exist at these positions, all
the channels are hardly subjected to interference. Taking notice of
this point, as a main means to resolve the aforesaid problem,

according to this invention the local oscillation frequency of the
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receiver is set to middle values with respect to the frequencies of
the adjacent channels.

Secondly, a description will be taken hereinbelow in
conjunction with équations in terms of another point of this
invention which shows how to conmstruct circuits (which will be
mentioned later) so that the demodulation is possible as well as the
prior art in the case of setting the local oscillation frequency of the
receiver as described above. When a modulated signal is received
and the local oscillation frequency for the frequency conversion in
the receiver is set to wc + wo as mentioned before, the frequency-

converted output SR becomes as follows.

Sr = Sc X b cos (¢ + wo) t

Ac'b
2

cos { wct+ 6k } cos ( wc + ®o) t

if using

Ac-b _
5 =R

= Agx [cos {(2oc + ®o) t + 6k} + cos (- wot + 0k)]

If this frequency-converted output Sr is passed through a
low-pass filter to eliminate the high-frequency component 2wc, the
resultant output SRf is as follows, thus resulting in producing a
binary PSK, i.e., BPSK signal, which is offset by only the frequency

wo.
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Srr = AR { cos (-wot + 6k) } 0k=0, =

Subsequently, the local oscillation frequency is set to wc - wo
lower by @wo than the carrier frequency wc of a desired channel. In
this instance, the frequency-converted output Sy, becomes as

follows.

SL =S¢ X b cos (¢ - wo) t

=Acz'bcos{(Dct+6k}cos(mc-0)o)t

AC'b=A
2 R

= Ag [ cos { 2oc - wo + 6k } + cos {wot+ 0k } ]

if using

If this frequency-converted output Sy is passed through a
low-pass filer to remove the high-frequency component 2wc, the
resultant output SpF becomes as follow, thus producing a BPSK signal

which is also equal in phase to the output SLF.
Sir = AR cos (wot + 6k) k=0, ©

Since the reception local oscillation frequency is also an equal
distance from the adjacent channels, the components of the adjacent
channels are also introduced into a signal being demodulated. When

the carrier frequency is taken as wch, the signal of the upside
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adjacent channel assumes wch = oc + wo, and hence the aforesaid
reception side frequency conversion is per_formed as follows. If the
modulated signal is received and the local oscillation frequency for
the frequency conversion in the receiver is set to wc + ®o as
mentioned before, the frequency-converted output Srp is given as

follows.

Sru=SchXbcos{wc+wo)t

Acp-b

5 [ cos { wct + 2wot + 6h } cos (wc+ o) t ]

if using Ac+b = Agp

=Arn[cos { Qoc+3wo)t+6h } +cos { wot+6h } ]

If this frequency-converted output Srp is passed through a
low-pass filter to eliminate the high-frequency component 2wc, the
resultant output Sgrh is given as follows, thus producing a BPSK

signal present in the same band as the desired channel.

Srrn = Arn cos (wot + 6h )
6h= 0, i (9)

.....

On the other hand, when the carrier frequency is expressed by
wcy, the signal of the downside adjacent channel represents wcj = wc

- 2mo, and the aforesaid reception side frequency conversion is
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carried out as follows. If the local oscillation frequency of the
receiver is set to wc + wo as noted before, the frequency-converted

output SgR1 becomes as follows.

Sr1= S X b cos (¢ + o) t

=Ac1~5

> [cos{(wc-2w0)t+06]}cos(wc+wo)t]

if using AC{ b_ Am

= Agi [ cos (2mct - wot + 61 ) + cos (-3mot +61) ]
6h=0, &

If this frequency-converted output Sgri is passed through a
low-pass filer to eliminate the high-frequency component 2wc, the
resultant output Sgrpi is given as follows, which generates a BPSK

signal at a frequency separated by 3wo from the desired channel.
Sre1 = Ari [ cos (3ot - 61)]

Furthermore, a verification will be made hereinbelow of a
frequency conversion condition of an adjacent channel in the case
that the local frequency is oc - @o. When the carrier frequency is
expressed by wch, the signal of the upside adjacent channel takes

wch = wc + 200, and therefore, when the local oscillation frequency is
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wc - wo, the frequency conversion is made as follows. First, if the
modulated signal is received and the local oscillation frequency for
the frequency conversion in the receiver is set to oc - wo as noted

before, the frequency-converted output Sph becomes as follows.

5
Sin=SchnXbcos(wc-wo)t
_Aan-b
== [ cos { wct + 2wot + 6h } cos (e - wo ) t]
. . -b
f using Db _ o
10 if using > Rb

=Agrn[cos { (2c+ w0 ) t+6h } + cos { 3wot + 6h } ]

If this frequency-converted output Sph is passed through a

15 low-pass filter to remove the high-frequency component 2Zwc, the

resultant output Sy rh becomes as follows.

Srrn = Agrn [ cos (3wot + 6h ) ]
6h=0, =
20 (13)
On the other hand, when the carrier frequency is expressed by
ocl, the signal of the downside adjacent channel takes wc] = oc -
2wo, and therefore, the aforesaid reception side frequency

conversion is carried out as follows. First, if the local oscillation
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frequency of the receiver is set to wc - wo as noted before, the

frequency-converted output Spj is given as follows.

Sti=Saxbcos(wc-wo)t

Ag b
2

[cos { (wc-2w0)t+6]}cos(wc-wo)t]

if using ACé'*’:ARl

=Ap [ cos { (20c-3wo)t+61) } +cos (-wot+86l)]
6h=0, =«

If this frequency-converted output Spi is passed through a
low-pass filter to eliminate the high-frequency component 2wc, the
resultant output SLF1 becomes as follows, which produces a BPSK

signal at a frequency equal to that of the desired channel.
Sim = Agrjcos (oot - 81)
From the above description, in the case that the local

frequency is shifted upward by oo, the output takes the following

three kinds.

Srp=Agrcos(-wot+6k) desired channel
Sreh = Agncos (wot+6h) upside channel
Srm =Agricos (3wot-01) downside channel
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Going the the other way, when the local frequency is shifted

downward by wo, the output takes the following three kinds.

Stp=Agrcos(wot+6k) desired channel

Strn=Arncos (3wot+6h) upside channel

Stm=Apcos(wot-61) downside channel
e (17)

The common component of these two groups is presemt in only
the desired channel. Accordingly, if both are supplied as two inputs
to an adder, only the desired channel can be derived from its
output. Although the output is frequency-offset by wo, this
frequency offset is removable with a simple frequency offset circuit.

This invention is on the basis of the above-described principle
and can be embodied as being described in the following
embodiments.

Fig. 1 is an illustration of an arrangement of a receiving circuit
according to a first embodiment of this invention. In Fig. 1, the
receiving circuit is shown, as comprising an antenna 1 for accepting
a signal being received, first and second frequency converting
circuits 2, 3 for accepting the received signal, a local frequency
signal generating circuit 4 for generating middle frequencies

between the radio carrier frequency of the received signal and the

radio carrier frequencies of the adjacent upside and downside
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channels and for outputting the upside frequency of the upside and
downside two wave frequencies as a conversion frequency input to
the first frequency converting circuit 2 while outputting the
downside frequency as a conversion frequency input to the second
frequency converting circuit 3, a common wave extracting circuit §
for extracting a component present in common in (common to) the
output of the first frequency converting circuit 2 and the output of
the second frequency converting circuit 3, a frequency offset circuit
6 for removing a frequency offset remaining in the output of the
common wave extracting circuit 5, an offset frequency generating
circuit 7 for performing a minute frequency conversion to supply an
offset amount to the frequency offset circuit 6, and a filter 8 for
eliminating an unnecessary frequency component remaining in the
output of the frequency offset circuit 6.

Secondly, a description will be made hereinbelow of an
operation of the receiving circuit according to this first embodiment.
According to the above-mentioned equations, the received signal
obtained through the antenna 1 is supplied to both the first and
second frequency converting circuits 2, 3, while the local frequency
signal generating circuit 4 separately supplies two different
frequencies, i.e., the upside and downside frequencies equivalent to
the central value; between the channels, to the first and second
frequency converting circuits 2, 3, which produces two output
signals in terms of each of the three signals: the desired channel

signal, the upside channel signal and the downside channel signal.
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According to the equation developments, the signal component
present in common in the first and second frequency converting
circuits 2, 3 is only the desired channel signal. When it is fed to the
common wave extracting circuit 5 for extracting a balanced
component, the balanced component mainly comprising the desired
wave is obtainable. Since in the output of the common wave
extracting circuit 5 a frequency offset of wo remains, a minute
frequency conversion is conducted in the offset frequency
generating circuit 7 and the offset -amount is removed in the
frequency offset circuit 6. In addition, the unnecessary frequency
component generated in this process is removed in the filter 8,
before the resultant signal is fed as a baseband signal to a baseband
signal processing circuit (not shown).
Second Embodiment

Fig. 2 shows an arrangement of a receiving circuit according to
a second embodiment of this invention. In Fig. 2, the receiving
circuit is shown, as comprising an antenna 1 for accepting a signal
being received, first and second frequency converting circuits 2, 3
for accepting the received signal, a local frequency signal generating
circuit 4 for generating middle frequencies between the radio
carrier frequency of the received signal and the radio carrier
frequencies of the adjacent upside and downside channels and for
outputting the upside frequency of the upside and downside two
wave frequencies as a conversion frequency input to the first

frequency converting circuit 2 while outputting the downside
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frequency as a conversion frequency input to the second frequency
converting circuit 3, a first frequency offset circuit 6A for removing
a frequency offset contained in the output of the first frequency
converting circuit 2, a second frequency offset circuit 6B for
removing a frequency offset contained in the output of the second
frequency converting circuit 3, an offset frequency generating
circuit 7A for performing a minute frequency conversion to supply
an offset amount to the respective frequency offset circuits 6A and
6B, a common wave extracting circuit SA for extracting a component
present in common in both the outputs of the first and second
frequency offset circuits 6A, 6B, and a filter 8A for removing an
unnecessary frequency component left in the output of the common
wave extracting circuit 5A.

Secondly, a description will be taken hereinbelow of an
operation of the receiving circuit according to the second
embodiment. In this embodiment the process for performing a
frequency offset is interchanged with the common wave extracting
process as compared with the aforementioned first embodiment.
That is, the frequency offset process is carried out ahead, so that the
desired channel signal directly becomes a baseband signal whereby
more stable extraction is expectable.

A description will be made hereinbelow of the
appropriateness of the preference of the frequency offset process.
In the case of the frequency offset for the signal group in which the

local frequency is shifted upward by wo, the shifting is made for
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eliminating only o, thus resulting in the following three kinds of

outputs.

Srr = AR cos ( 2mot - 6k )
SRFh=ARh COS(eh)
Srr = Agg cos ( 4wot - 61 )

...... desired channel
...... upside channel

...... downside channel

On the other hand, in the case of the frequency offset for the
signal group in which the local frequency is shifted downward by
wo, the shifting is made for eliminating only ®o, thus resulting in the
following three kinds of outputs.

Sup=Agrcos (2wot+6k) desired channel
St = Arn cos (4wot + 6h )

Siri=Agricos (01)

...... upside channel

...... downside channel

The common component of both the groups is also present in
only the desired channel. Accordingly, if both are fed as two inputs
to an adder, a BPSK signal of only the desired channel can be
derived from its output signal.

Third Embodiment

Fig. 3 illustrates an arrangement of a receiving circuit
according to a third embodiment of this invention. In Fig. 3,
included therein are an antenna 1 for accepting a signal being

received, first and second frequency converting circuits 2, 3 for
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accepting the received signal, a local frequency signal generating
circuit 4 for generating middle frequencies between the radio
carrier frequency of the received signal and the .radio carrier
frequencies of the adjacent upside and downside channels and for
outputting the upside frequency of the upside and downside two
wave frequencies as a conversion frequency input to the first
frequency converting circuit 2 while outputting the downside
frequency as a conversion frequency input to the second frequency
converting circuit 3, a first bandpass filter 9A for waveform—shapin_g
the output of the first frequency converting circuit 2, a first A/D
converter 10A for converting the output of the first bandpass filter
OA into a digital signal, a second bandpass filter 9B for waveform-
shaping the output of the second frequency converting circuit 3, a
second A/D converter 10B for converting the output of the second
bandpass filter 9B into a digital signal, a common wave extracting
circuit 5B for extracting a component present in common in both the
outputs of the first and second A/D converters 10A and 10B, a
frequency offset circuit 6C for removing a frequency offset
remaining in the output of the common wave extracting circuit 5B,
an offset frequency generating circuit 7B for performing a minute
frequency conversion to supply the offset amount to the frequency
offset circuit 6C, and a filter 8B for removing an unnecessary
frequency component left in the output of the frequency offset

circuit 6C.
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Secondly, a description will be made hereinbelow of an
operation of the receiving circuit according to the third embodiment
of this invention. According to this embodiment, the outputs of the
same two frequency converting circuits 2, 3 as in the
aforementioned first embodiment are quantized with the A/D
converters 10A, 10B, respectively, thereby providing processes
equivalent to that of the first embodiment according to a digital
calculation, that is, carrying out the common wave extraction,
frequency offset, and filtering. The common wave extraction and
filtering are possible with a digital filter technique, whereas the
frequency offset is possible with a digital quadrature modulation.

Furthermore, the principle of this embodiment will be
described hereinbelow in terms of a quadrature PSK, i.e., QPSK or
quadruplet QAM. The base frequency, i.e., a QPSK signal Sg in the

baseband, is expressible as follows.

Sg=Acos(6k)+jAsin(6k) e (20)
where j denotes an imaginary unit indicative of an imaginary axis

perpendicular to a real axis, A depicts an amplitude, and 6k

designates a phase representative of QPSK information:

==l +3
0k (i4, i4)7c

When this baseband signal is modulated with the carrier
angular frequency wc, the resultant modulated output Sc can be

expressed as follows.
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Sc=Spxa(coswct +jsin wct )

=Ac{ cos(wct +06k)+jsin(wct+0k) }

Ac =ax¥124A, 6k=@&l i%)n

=%C-[cos{0)ct +6k}]+%¢[jsin(mct+9k)]

Generally, a real axis component is called an I-axis signal and
an imaginary axis component is called a Q-axis signal. If this
modulated signal is received and quadrature-demodulated with the
frequency conversion local frequency wc, the guadrature-

demodulated I-axis output SIR is given as follows.

Sir = Sc X b cos wct

=Ac by { wct + 6k } cos wet ]

2x2

if using A%-b = AR
=Agr[cos{2wmct +6k}+cos{6k}]

If this quadrature-demodulated I-axis output Sir is passed

through a low-pass filter to remove the high-frequency component
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2wc, the resultant output SirRr becomes as follows, thus allowing the

demodulation of the I-axis signal of the quadrature PSK, ie., QPSK.

Sire = Ag cos ( 8k ) Ok=(+], +2)m
5 e (23)
However, as well as the above description, in this instance,
since the local oscillation frequency on the quadrature demodulation
is equal to the carrier frequency wc, this local oscillation frequency
signal radiates from the receiver into the air, which can interfere
10 with other nearby receivers. For this reason, when the local
oscillation frequency of the receiver is set to wc + wo as noted
‘before, the I-axis output Sir on the quadrature demodulation

becomes as follows.

15 Sr=Scxbcos(wc+wo)t

Acb
2

[cos { wct+ 0k } cos (@c+®o )t]

if using A%'b=AR

20

=Agr[cos { (20c+ wo ) t+ 6k } + cos ( wot + 6k )]

If this quadrature-demodulated I-axis output Sir is passed

through a low-pass filter to remove the high-frequency component
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2@c, the resultant output SIRF becomes as follows, thus providing an

I-axis output of the quadrature PSK, i.e., QPSK.
Sirr = AR [ cos (ot + 0k )]

Subsequently, the local oscillation frequency is set to wc - ®o
lower by wo than the carrier frequency of the desired channel. In

this case, the frequency-converted output Sy, becomes as follows.

10 Sp.=ScXbcos(wc-wo)t

Ac-b
2

[cos(mct+0k)cos(wc-mo)t]

Ac-b

i M ——
if using 3 AR
15

=Ag[cos {2mc-wot+0k } + cos { - wot + Ok } ]

If this quadrature-demodulated I-axis output Sy1 is passed
through a low-pass filter to remove the high-frequency component

20 2mc, the resultant output SyLF is given as follows.

S]LF=ARCOS{-(DOt+9k}
ok=(+l, +3
k = ( 1 4)1c
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If the quadrature-demodulated I-axis output Sirh is passed
through a low-pass filter to remove the high-frequency component
2wmc, the output SrRph is obtainable.

The signal, demodulated, of adjacent channels being an equal
distance from the reception local oscillation frequency is as follows.
That is, when the carrier frequency is taken as wch, the upside
adjacent channel signal takes wch = oc + 2wo, and hence, if the local

oscillation frequency is wc + wo, the quadrature-demodulated I-axis

output Sjrh becomes as follows.
Srh=SchXbcos(wc+wo)t

=_._AC;'b[cos{(oct+2a)ot+9h}cos(coc+a)o)t]

if using

Ac;-b_ARh

Sirh=Agrn [cos { (200c+3wo ) t+6h } + cos {wot+ 6h } ]

If this quadrature-demodulated I-axis output Sirh is passed

through a low-pass filter to remove the high-frequency component

2wc, the resultant output Sjrrh becomes as follows, thus producing a
quadrature PSK, i.e., QPSK signal, present in the same band as that of

the desired channel.

Siren = Agn [ cos ( @ot + 6h )]
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Going the other way, whén the carrier frequency is given by
©cl, the downside adjacent channel signal represents wc¢] = wc -
2mo. Accordingly, when the local oscillation frequency is set to wc +
®wo as noted before, the reception side quadrature-demodulated I-

axis output Sir1 becomes as follows.

Sir1=SciXbcos{(wc+wo )t

=Ac+ll[cos{(&)c-Zmo)t+01}cos(a)c+0)o)t]
if using AC21°b = AR}

= Agr1[cos (2mct - wot+ 61 )+ cos (- wot+ 61) ]
v (30)

If this quadrature-demodulated I-axis output Sir] is passed

through a low-pass filter to remove the high-frequency component

2mc, the resultant output Sirp] is given as follows, thus producing a
quadrature - PSK, i.e., QPSK signal, at the same frequency as that of

the desired channel.

Sirr1=Ari[cos(-wot+961)]

8l=(=%

?

B
H
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Subsequently, when the local oscillation frequency of the
receiver is set to wc + wo as noted before and its phase is delayed by
x/2, the quadrature-demodulated Q-axis output SQRr is obtainable as

5 follows.

Sgr=Scxbsin{(wc+wo )t

A<32'b [ cos (wct + 6k ) sin (wc + wo ) t ]

10
AC'b._AR

if using 5=

=Agr[sin{ (2oc+ wo ) t+ 6k } + sin (-wot + 6k ) ]

15 If this quadrature-demodulated Q-axis output SQRr is passed
through a low-pass filter to remove the high-frequency component
2wc, the resultant output SQRF is given as follows, whereby the Q-

axis output of the quadrature PSK, ie., QPSK, is obtainable.
20 SQrF = ARr sin ( -wot + 6k )
Let it be assumed that, in the case that the local oscillation

frequency is set to wc - mo lower by wo than the carrier frequency

of the desired channel, the phase is delayed by =/2. In this
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instance, the quadrature-demodulated Q-axis output SQL becomes as

follows.

SoL=ScXbsin (wc-wo)t

Ac-b
2

[cos { oct+ 6k } sin (c-wo)t]

if using Acz'b=AR

SoL = Ag [ sin { (20c + wo ) t+ 6k } + sin (wot + 6k )]

If this quadrature-demodulated Q-axis output SqQL is passed
through a low-pass filter to remove the high-frequency component
2wc, the resultant output SQLF is given as follows, whereby the
quadrature PSK signal Q-axis outpilt different in polarity from SQLF

is obtainable.

SoLr = Ag sin ( @ot + 6k )
k=(xl,6 +3
0 (4 4)1t

Furthermore, the analysis of the adjacent channels will be
made hereinbelow in terms of the quadrature-demodulated Q-axis
output. When the carrier frequency is wch, the upside adjacent
channel signal represents wch = wc + 2wo, and therefore, in the case

that the local oscillation frequency is set to wc + wo, the quadrature-
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demodulated Q-axis output SQrn of the upside channel becomes as

follows. .

Sqrn = Scn X b sin (¢ + wo ) t

=_A.@2i[cos{mcc+2mot+eh}sin(mc+mo)t]

if using

=Agrn{sin { (200c+3w0)t+6h } +sin { wot+ 6h } ]

If this quadrature-demodulated Q-axis output Sqrn is passed
through a low-pass filter to remove the high-frequency component
2ac, the resultant output SQrLFh becomes as follows, which produces
a quadrature PSK, i.e., QPSK signal Q-axis output present in the same

band as that of the desired channel.

Sorrn = Arp [ sin ( wot+ 6h ) ]
9h=(ii—, i43-) ™
e (37)
A similar process.is effected for the downside adjacent
channel. Since the carrier frequency wc1 is w¢1 = ®wc - 2wo0, the
quadrature-demodulated Q-axis output SgRr1 at the local oscillation

frequency ®c + wo becomes as follows.
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Sqr1=Scixbsin (wc+wo)t

=.A_<321‘_b_[cos{(coc-2mo)t+el}sin(mc+mo)t]

ACl'b_ARl

if using =

= AR [ sin ( 2oct - wot + 61 ) + sin (- 3 wot + 61 )]

If this quadrature-demodulated Q-axis output Sgr1 is passed
through a low-pass filter to remove the high-frequency component
2mc, the resultant output SQrF1 is given as follows, thus producing a
quadrature PSK, i.e., QPSK, signal Q-axis output at a frequency

separated by 3wo from the desired channel.

Sorer = Ag sin ( - 3ot + 61)

On the other hand, if the local oscillation frequency is set to @c
- wo, the quadrature-demodulated Q-axis output SQRr of the adjacent
channel becomes as follows. That is, since the carrier frequency wch
for the upside adjacent channel signal is wch = oc + 2wo, the
quadrature-demodulated Q-axis output SQrp at the local oscillation

frequency wc - @o becomes as follows,

Sorn =Scp X bsin(wc-wo)t
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=AC;'b[cos{a)ct+2(oot+9h}sin((oc-mo)t]

ACh'b_ARh

if using =

Sorn = Agrn [ sin { (20c+®o ) t+6h } + sin (3wot + 6h ) ]

If this quadrature-demodulated Q-axis output SqQrn is passed
through a low-pass filter to remove the high-frequency component
20c, the resultant output SQrFhL is given as follows, thus producing a
quadrature PSK, i.e., QPSK, signal Q-axis output present in a band

separated by 3wo from the desired channel.

Sorrn = Agrn [ sin (3wot +6h ) ]

=(+1l +3
6h (_4, _4)1t

A similar process is implemented in terms of the downside
adjacent channel signal. The carrier frequency wc] is w¢]1 = wc -
2mo, and the local oscillation frequency of the receiver is wc - wo.
Thus, the quadrature-demodulated Q-axis output SQr1 becomes as

follows.

Sgri=Sci1Xbsin(wc-wo )t
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_Aab
2

[cos { (wc-2m0)t+ 6]} sin(wc-mo)t]

if using

ACl’b=A
) R 1

= Awt [ sin { (20c-300) t+ 61 } + sin (-wot +61) ]

If this quadrature-demodulated Q-axis output SQRr1 is passed
through a low-pass filter to remove the high-frequency component
2mc, the resultant output Sqrr1 is given as follows, thus producing a
quadrature PSK, i.e., QPSK, signal Q-axis output at the same

frequency as that of the desired channel.

Sorr = Agr1 [ sin (- wot+61) ]

In summary, the above description becomes as follows.
I-Axis Quadrature-Demodulated Output

Output at Upside Local Frequency
Swr = A [ cos (- oot + 6k ) ] desired channel

Swen = App[cos (@ot+6h)] upside channel

Skm =Api[cos (3wot+61)] downside channel

Output at Downside Local Frequency

Sirp=Agr[cos (wot+0k)] desired channel
Siipn=Agpn[cos(3wot+6h)] upside channel
Sitm=Agri[cos (- wot+61)] ... downside channel
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e (44)
Q-Axis Quadrature-Demodulated Output

Output at Upside Local Frequency

Sore=Ar [sin(-wot+6k)] desired channel

Soren = Agn [ sin (wot+6h)] upside channel

Sourm = Arn [sin (-3wot+6h)] downside channel

Output at Downside Local Frequency

Sqr=Ar[sin(wot+6k)}] desired channel

Sorp = Agi [ sin (3wot+61)] upside channel
Squri = Api [sin (-wot+01)] downside channel
..... (45)

It is found from the above equations that, as described before,
in the I-axis side the desired channel is contained in common in the
outputs of the two quadrature-demodulating circuits, while in the Q-
axis side the desired channel is contained in common and in
antiphase in the outputs of the two quadrature-demodulating
circuits. The third embodiment of this invention is realized on the
basis of this principle.

Fourth Embodiment

Fig. 4 shows an arrangement of a receiving circuit according to
a fourth embodiment of this invention. In Fig. 4, included therein
are an antenna 1 for accepting a signal being received, first and
second frequency converting circuits 2, 3 for accepting the received
signal, a local frequency signal generating circuit 4 for generating

middle frequencies between the radio carrier frequency of the
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received si'gnal and the radio carrier frequencies of the adjacent
upside and downside channels and for outputting the upside
frequency of the upside and downside two wave frequencies as a
conversion frequency input to the first frequency converting circuit
2 while outputting the downside frequency as a conversion
frequency input to the second frequency converting circuit 3, a first
bandpass filter 9A for waveform-shaping the output of the first
frequency converting circuit 2, a first A/D converter 10A for
converting the output of the first bandpass filter 9A into a digital
signal, a second bandpass filter 9B for waveform-shaping the output
of the second frequency converting circuit 3, a second A/D converter
10B for converting the output of the second bandpass filter 9B into a
digital signal, a first frequency offset circuit 6D for removing a
frequency offset contained in the output of the first A/D converter
10A, a second frequency offset circuit 6E for removing a frequency
offset contained in the output of the second A/D converter 10B, an
offset frequency generating circuit 7C for performing a minute
frequency conversion to supply the offset amount to the respective
frequency offset circuits 6D and 6E, a common wave extracting
circuit 5C for extracting a component present in common in both the
outputs of the first and second frequency offset circuits 6D and 6E,
and a filter 8C for removing an unnecessary frequency component
left in ihe output of the common wave extracting circuit 5C.
Secondly, a description will be made hereinbelow of an

operation of the receiving circuit according to the fourth
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embodiment of this invention. In this embodiment, the process of
performing a frequency offset is interchanged with the common
wave extracting process as compared with the aforementioned third
embodiment. The preceding execution of the frequency offset
process allows the desired channel signal to directly constitute the
base signal and permits a more stable extraction to be expectable.
In addition, digitalization allows the quadrature-demodulating
function with a high accuracy, provides the suitability for
integration, and causes the reduction of the power consumption.
Fifth Embodimen

Fig. 5 is an illustration of an arrangement of a receiving circuit
according to a fifth embodiment of this invention. In Fig. 5, there
are shown an antenna 1 for accepting a signal being received, first
and second quadrature demodulating circuits 11 and 12 for
receiving the received signal, a local frequency signal generating
circuit 4 for generating middle frequencies between the radio
carrier frequency of the received signal and the radio carrier
frequencies of the adjacent upside and downside channels and for
outputting the upside frequency of the upside and downside two
wave frequencies as a conversion frequency input to the first
quadrature demodulating circuit 11 while outputting the downside
frequency as a conversion frequency input to the second quadrature
demédulating circuit 12, a first common wave extracting circuit 5D
for extracting a component present in common in both the I outputs

of the first and second guadrature demodulating circuits 11 and 12,
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a second common wave extracting circuit SE for extracting a
component present in common in both the Q output of the first
quadrature demodulating circuit 11 and the Q output of the second
quadrature demodulating circuit 12 reversed in polarity, a first
frequency offset circuit 6F for removing a frequency offset
remaining in the I side output extracted through the first common
wave extracting circuit 5D, a second frequency offset circuit 6G for
removing a frequency offset remaining in the Q side output
extracted through the second common wave extracting circuit 5E, an
offset frequency generating circuit 7D for performing a minute
frequency conversion to supply the offset amount to the respective
frequency offset circuits 6F and 6G, a first filter 8D for removing an
unnecessary frequency component remaining in the output of the
first frequency offset circuit 6F, and a second filter 8E for removing
an unnecessary frequency component remaining in the output of the
second frequency offset circuit 6G.

Secondly, a description will be made hereinbelow of an
operation of the receiving circuit according to the fifth embodiment.
In this embodiment, the concept of this invention is applied to a
quaternary PSK, i.e., QPSK, of the digital modulation. According to
the above description referring to the aforementioned equations, the
received signal obtained from the antenna 1 is supplied to the first
and second quadrature demodulating circuits 11 and 12, while the
local frequency signal generating circuit 4A separately supplies two

different frequencies, that is, the upside and downside frequencies
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comparable with the central value between the channels, to the first
and second quadrature demodulating circuits 11 and 12, which
produces four output signals in terms of each of three signals of the
desired channel, the upside channel and the downside channel.
According to the equation developments, the signal component
present: in common in both the first and second quadrature
demodulating circuits 11 and 12 is only the desired channel signal,
and the I-axis side is extractable as a balanced component, whereas
the Q-axis side is extractable as a differential component.
Accordingly, if the I-axis side balanced component is fed to the
common wave extracting circuit SD and the Q-axis side differential
component is fed to the common wave extracting component SE, the
I-axis signal and Q-axis signal of the desired channel are obtainable.
Since a frequency offset of mo remains in the outputs of the common
wave extracting circuits 5D and 5E, a minute frequency conversion
is made in the offset frequency generating circuit 7D so that the
offset amount is removed in the frequency offset circuits 6F and 6G.
In addition, the unnecessary frequency component generated in this
process is removed in the filters 8D and 8E, before the signal is
supplied as a baseband signal to the baseband signal processing
section.
ixth Embodiment

Fig. 6 is an illustration of an arrangement of a receiving circuit
according to a sixth embodiment of this invention. In Fig. 6, there

are shown an antenna 1 for accepting a signal being received, first
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and second quadrature demodulating circuits 11 and 12 for
receiving the received signal, a local frequency signal generating
circuit 4A for generating middle frequencies between the radio
carrier frequency of the received signal and the radio carrier
frequencies of the adjacent upside and downside channels and for
outputting the upside frequency of the upside and downside two
wave frequencies as a conversion frequency input to the first
quadrature demodulating circuit 11 while outputting the downside
frequency as a conversion frequency input to the second quadrature
demodulating circuit 12, first and second frequency offset circuits
6H and 6I for removing a frequency offset contained in common in
the I output and Q output of the respective quadrature
demodulating circuits 11 and 12, an offset frequency generating
circuit 7E for carrying out a minute frequency conversion to supply
the offset amount to the respective frequency offset circuits 6H and
6I, a first common wave extracting circuit SF for extracting a
component present in common in both the I outputs of the first and
second frequency offset circuits 6H and 6I, a second common wave
extracting circuit 5G for extracting a component present in common
in both the Q output of the first frequency offset circuit 6H and the
Q output of the second frequency offset circuit 61 reversed in
polarity, and first and second filters 8F and 8G for removing
unnecessary frequency components remaining in the outputs of the

respective common wave extracting circuits 5F and 5G.
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Secondly, a description will be made hereinbelow of an
operation of the receiving circuit of the sixth embodiment. In this
embodiment, the common wave extracting process is interchanged
with the frequency offset process as compared with the
aforementioned fifth embodiment. When the frequency offset
process is executed precedently, the desired channel signal directly
becomes a base signal, which allows more stable extraction to be
expectable.

Seventh Embodiment

Fig. 7 shows an arrangement of a receiving circuit according to
a seventh embodiment of this invention. In Fig. 7, there are shown
an antenna 1 for accepting a signal being received, first and second
quadrature demodlilating circuits 11 and 12 for receiving the
received signal, a local frequency signal generating circuit 4 for
generating middle frequencies between the radio carrier frequency
of the received signal and the radio carrier frequencies of the
adjacent upside and downside channels and for outputting the
upside frequency of the upside and downside two wave frequencies
as a conversion frequency input to the first quadrature
demodulating circuit 11 while outputting the downside frequency as
a conversion frequency input to the second quadrature
demodulating circuit 12, first and second bandpass filters 9C and 9D
for waveform-shaping the I output and Q output of the first
quadrature demodulating circuit 11, respectively, first and second

A/D converters 10C and 10D for converting the outputs of the first



10

15

20

-64-

and second bandpass filter 9C and 9D into digital signals,
respectively, third and fourth band pass filters 9E and SF for
waveform-shaping the I output and Q output of the second
quadrature demodulating circuit 12, respectively, third and fourth
A/D converters 10E and 10F for converting the outputs of the third
and fourth bandpass filters 9E and 9F into digital signals,
respectively, a first common wave extracting circuit SH for
extracting a component present in common in the I outputs of the
first and third A/D converters 10C and 10E, a second common wave
extracting circuit S5I for extracting a component present in common
in the Q output of the second A/D converter 10D and the Q output of
the fourth A/D converter 10E reversed in polarity, a first frequency
offset circuit 6J for removing a frequency offset remaining in the I
side output extracted through the first common wave extracting
circuit SH, a second frequency offset circuit 6K for removing a
frequency offset remaining in the Q side output extracted through
the second common wave extracting circuit 5I, an offset frequency
generating circuit 7F for carrying out a minute frequency conversion
to supply the offset amount to the respective frequency offset
circuits 6] and 6K, a first filter 8H for removing an unnecessary
frequency component left in the output of the first frequency offset
circuit 6J, and a second filter 81 for removing an unnecessary
frequency component left in the output of the second frequency

offset circuit 6K.
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Secondly, a description will be made hereinbelow of an
operation of the receiving circuit according to this seventh
embodiment. In this seventh embodiment, the outputs of the same
two quadrature demodulating circuits 11, 12 as in the
aforementioned fifth embodiment are quantized with the A/D
converters 10C to 10F so as to accomplish an opération equivalent to
that of the fifth embodiment by means of the digital calculation, that
is, to perform the common wave extraction, the frequency offset and
the filtering. The common wave extraction and the filtering are
possible by the digital filter technique, while the frequency offset is
possible by the digital quadrature modulation.

Eighth Embodiment

Fig. 8 shows an arrangement of a receiving circuit according to
an eighth embodiment of this invention. In Fig. 8, there are shown
an antenna 1 for accepting a signal being received, first and second
quadrature demodulating circuits 11 and 12 for receiving the
received signal, a local frequency signal generating circuit 4 for
generating middle frequencies between the radio carrier frequency
of the received signal and the radio carrier frequencies of the
adjacent upside and downside channels and for outputting the
upside frequency of the upside and downside two wave frequencies
as a conversion frequency input to the first quadrature
demodulating circuit 11 while outputting the downside frequency as
a conversion frequency input to the second quadrature

demodulating circuit 12, first and second bandpass filters 9C and 9D
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for waveform-shaping the I output and Q output of the first
quadrature demodulating circuit 11, respectively, first and second
A/D converters 10C and 10D for converting the outputs of the first
and second bandpass filter 9C and 9D into digital signals,
respectively, third and fourth band pass filters 9E and 9F for
waveform-shaping the I dutput and Q output of the second
quadrature demodulating circuit 12, respectively, third and fourth
A/D converters 10E and 10F for converting the outputs of the third
and fourth bandpass filters 9E and 9F into digital signals,
respectively, a frequency offset circuit 6L for removing frequency
offsets remaining in the I outputs and Q outputs of the respective
A/D converters 10C to 10F, an offset frequency generating circunit 7G
for performing a minute frequency conversion to supply the offset
amount to the respective frequency offset circuit 6L, a first common
wave extracting circuit 5J for extracting a component present in
common in the I outputs of the frequency offset circuit 6L, a second
common wave extracting circuit 5K for extracting a component
present in common in the Q output and the polarity-reversed Q
output of the frequency offset circuit 6L, a first filter 8J for
removing an unnecessary frequency component left in the I output
extracted through the first common wave extracting circuit 5J, and a
second filter 8K for removing an unnecessary frequency component
left in the Q output of the second common wave extracting circuit

5K.
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Secondly, a description will be made hereinbelow of an
operation of the receiving circuit according to the eighth
embodiment. In this embodiment, the common wave extraction
process is interchanged with the frequency offset process as
compared with the aforementioned seventh embodiment. That is,
the preceded frequency offset process permits the desired channel
signal to directly become a base signal, which makes more stable
extraction expectable. In addition, the digitalization allows the
quadrature-demodulating function with a high accuracy, provides
the suitability for integration, and causes the reduction of the power
consumption.

Ninth Embodiment

Fig. 9 is an illustration of an arrangement of a receiving circuit
according to a ninth embodiment of this invention. In this
embodiment, a correlator 13 for calculating a cross-correlation is
used in place of the common wave extracting circuit SB in the third
embodiment shown in Fig. 3. According to this embodiment, since
the common wave extraction is effected by the digital filter
technique, although the use of the correlator 13 causes the inversion
of the polarity of the correlation coefficient if the components
contained in common are different in polarity from each other, the
correlator 13 can ensure its amplitude as it is. This feature of this
embodiment is also applicable to the above-described fourth,

seventh and eighth embodiments.

Tenth Embodiment
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Fig. 10 is an illustration of an arrangement of a receiving
circuit according to a tenth embodiment of this invention. In this
embodiment, only the first frequency converting circuit 2 is
provided for accepting the received signal from the antenna 1, as
compared with the first embodiment shown in Fig. 1. After the
frequency conversion by this first frequency converting circuit 2, a
second frequency converting circuit 15, accepting a frequency
corresponding to the inter-channel frequency 2wo from the local
frequency signal generating circuit 4B, provides a frequency-
converted output in the side where the frequency conversion is not
made by the first frequency converting circuit 2, thus ensuring two
frequency-converted outputs necessary for the desired channel
extraction by a common wa\}e extracting circuit SL.

Accordingly, in this embodiment, the outputs of the first and
second frequency converting circuits 2 and 15 agree with the two
outputs of the first and second frequency converting circuits 2 and 3
in the first embodiment, and hence the treatment of the carrier
frequency is possible with only one high-frequency circuit set, with
the result that not only the space necessary for the circuit but also
the power consumption are reducible. The feature of this
embodiment is also applicable to the second embodiment.

Eleventh Embodiment

Fig. 11 is an illustration of an arrangement of a receiving

circuit according to an eleventh embodiment of this invention. In

this embodiment, as compared with the third embodiment shown in
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Fig. 3, the frequency converting circuit for accepting the received
signal is effected with only the first frequency converting circuit 2
and further the quantizing means is constructed with only a
bandpass filter 9C and an A/D converter 10C responsive to the
output of the first frequency converting circuit 2. After the A/D
conversion by the A/D converter 10C, a digital frequency converting
circuit 16, accepting a frequency corresponding to the inter-channel
frequency 2wo from a digital frequency generating circuit 17,
carries a digital frequency conversion, thus providing a frequency-
converted output of the side where the frequency conversion is not
made by the first frequency converting circuit 2 so as to obtain two
frequency-converted digital outputs necessary for the extraction of
the desired channel by a common wave extracting circuit 5M.

Thus, according to this embodiment, the output of the first
frequency converting circuit 2 A/D-converted through the A/D
converter 10C an‘d the output of the digital frequency converting
circuit 16 coincide with the two outputs of the first and second
frequency converting circuits 2 and 3 in the above-mentioned third
embodiment, with the result that the treatment of the carrier
frequency is possible with only on a high-frequency circuit set,
which makes it possible to reduce the space necessary for the circuit
as.well as the power consumption. The feature of this embodiment
is also applicable to the fourth embodiment.

Twelfth Embodiment
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Fig. 12 is an illustration of an arrangement of a receiving
circuit according to a twelfth embodiment of this invention. A
feature of this embodiment is that as compared with the fifth
embodiment shown in Fig. 5 the quadrature demodulating means
for accepting the received signal is constructed with only one
quadrature demodulating circuit 11 and the two outputs of the
quadrature demodulating circuit 11 are frequency-converted in a
frequency converting circuit 15A which accepts a frequency
corresponding to the inter-channel frequency 2wo from a local
frequency signal generating circuit 4B, whereby the frecjuency-
converted output of the side which is not quadrature-demodulated
is obtainable to obtain two quadrature-demodulated outputs
necessary for the extraction of the desired channel by first and
second common wave -extracting circuits SN and 5P.

Thus, according to this embodiment, the outputs of the
quadrature demodulating circuit 11 and the frequency converting
circuit 15A coincide with the two quadrature-demodulated outputs
of the first and second quadrature demodulating circuits 11 and 12
in the fifth embodiment, with the result that the treatment of the
carrier frequency is possible with only on a high-frequency circuit
set, which makes it possible to reduce the space necessary for the
circuit as well as the power consumption. The feature of this
embodiment is also applicable to the sixth embodiment.

Thirteenth Embodiment
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Fig. 13 is an illustration of an arrangement of a receiving
circuit abcording to a thirteenth embodiment of this invention. A
feature of this embodiment is that as compared with the seventh
embodiment shown in Fig. 7 the quadrature demodulating means
for accepting the received signal is constructed with only one
quadrature demodulating circuit 11 and the quantizing means is
constructed with one bandpass filters 9D, 9E and one A/D converters
10D, 10E. After the A/D conversion by the A/D converters 10D and
10E, a digital conversion is made in a digital frequency conversing
circuit 16A which accepts a frequency corresponding to the inter-
channel frequency 2wo from a digital frequency generating circuit
17A, whereby a frequency-converted output of the side where the
quadrature modulation is not effected in the quadrature
demodulating circuit 11 is obtainable to ensure two quadrature-
demodulated outputs necessary for the extraction of the desired
channel by first and second common wave extracting circuits 5Q and
5R.

Thus, according to this embodiment, the outputs of the
quadrature demodulating circuit 11 A/D-converted by the A/D
converters 10D and 10E and the output of the digital frequency
converting circuit 16A agree with the two outputs of the first and
second quadrature demodulating circuits 11 and 12 in the seventh
embodiment, with the result that the treatment of the carrier
frequency is possible with only on a high-frequency circuit set,

which makes it possible to reduce the space necessary for the circuit
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as well as the power consumption. The feature of this embodiment
is also applicable to the eighth embodiment.
Fourteenth Embodiment

Fig. 14 is an illustration of an arrangement of a receiving
circuit according to a fourteenth embodiment of this invention. This
embodiment relates to an improvement of the common wave
extracting circuit as employed in the above-described first
embodiment. In Fig. 14, as well as the first embodiment, the
receiving circuit includes an antenna 1, a first frequency converting
circuit 2, a second frequency converting circuit 3, a local frequency
signal generating circuit 4, a common wave extracting circuit 5, and
a filter 8. Further included therein are a received signal input
section 20, an input line 21 through which the output of the first
frequ_cncy converting circuit 2 passes, an input line 22 through
which the output of the second frequency converting circuit 3
passes, integrating circuits 23 and 24 also serving as low-pass filters
for accepting the outputs of the first and second frequency
converting circuits 2 and 3 through the input lines 21 and 22,
respectively, first and second buffer amplifiers 25 and 26 for
accepting the outputs of the integrating circuits 23 and 24,
respectively, and first and second transformers 27 and 28 having
primary coils whose one ends receive the outputs of the first and
second buffer amplifiers 25 and 26. The other ends of the primary
coils of the first and second transformers 27, 28 are alternating-

grounded, and their secondary coils are coupled in parallel to each
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other in a state with the same polarity. A junction 29 between one
ends of the secondary coils equal in polarity to the primary coil is
used for its output, while the other ends are grounded. Further,
included therein are a third buffer amplifier 30 whose input
terminal is connected to the junction 29. The output 31 of the third
buffer amplifier 30 is supplied as the output of the common wave
extracting circuit 5 to a next-stage frequency offset circuit 6.
Secondly, a description will be made hereinbelow of an
operation of the common wave extracting circuit 5 in the fourteenth
embodiment. A common wave ep of a desired wave signal
component and an adjacent channel wave signal component ey are
obtainable from the first and second frequency converting circuits 2
and 3. As to the adjacent channel wave signal component, the
component obtainable from the first frequency converting circnit 2
and the component obtainable from the second frequency
converting circuit 3 are different in central frequency from each
other, and hence the component obtainable from the first frequency
converting circuit 2 will b.e expressed by ey, while the component
obtainable from the second frequency converting circuit 3 will be
expressed by eyz. That is, the signal from the first frequency
converting circuit 2 assumes ep + ey, whereas the signal from the
second frequency converting éircuit 3 takes ep + eyz. There is a
possibility that, in addition to these signals, unnecessary high-
frequency components are contained in the outputs of the first and

second frequency converting circuits 2 and 3. These high-frequency
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components are lessened by means of the integrating circuits 23 and
24 also serving as low-pass filters.

The signal ep + ey; from the first frequency converting circuit
2 and the signal ep + ey from the second frequency converting
circuit 3, which are respectively passed through the integrating
circuits 23 and 24, are fed to the corresponding buffer amplifiers 25
and 26, respectively. Each of the buffer amplifiers 25 and 26 has an
output impedance set to a low value. After being passed through
the buffer amplifiers 25 and 26, the signal ep + ey; from the first
frequency converting circuit 2 and the signal ep + eyz from the
second frequency converting circuit 3 are fed to the priinary coils of
the transformers 27 and 28, respectively. The ratio of the number
of winding turns of the secondary coil to the number of winding
turns of the primary coil of each of the transformers 27, 28 is 1,
with the result that the signal ep + ey; from the first frequency
converting circuit 2 and the signal ep + ey; from the second
frequency converting circuit 3 correspondingly take place in the
secondary coils of the transformers 27, 28.

In this instance, the secondary coils of the transformers 27, 28
are arranged such that their terminals are coupled in parallel in a
state that their polarities are coincident with those of the primary
coils. Accordingly, a signal corresponding to the common
component, i.e., the desired wave signal component ep, of the signal
ep + ey; from the first frequency converting circuit 2 and the signal

ep + ey2 from the second frequency converting circuit 3 which are
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generated in the secondary coils is obtainable at the terminal with
no troubles such as the collision of the outputs of the secondary
coils.

On the other hand, since the component ey; from the first
frequency converting circuit 2 which arises in the secondary coil of
the transformer 27 and the component eyz from the second
frequency converting circuit 3 which arises in the secondary coil of
the transformer 28 are different in frequency from each other, the
components are mutually introduced into the mating secondary
coils. At this time, the input impedances of the transformers viewed
from the secondary coil sides becomes equal to the output
impedances of the signal sources coupled to the primary coils,
meanwhile, because the output impedances of the buffer amplifiers
25, 26 being the signal sources are set to very low values as noted
before, the components other than the common component, i.e., the
component eyi from the first frequency converting circuit 2 which
arises in the secondary coil of the transformer 27 and the
component ey from the second frequency converting circuit 3
which arises in the secondary coil of the transformer 28, are
reduced due to the low impedances. |

In general, the buffer amplifier can be realized with an
emitter-follower constructed using transistors. In the case of using
this device, the output impedance of the buffer amplifier based on
the wiring shown in Fig. 14 is below several ohms. This principle

will be described with reference to Fig. 15. In Fig. 15, a transformer
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comprises two coils L] and L2, and the coil L] is used as a primary
coil, while the coil L2 is used as a secondary coil. The voltages and
currents at the respective coil terminals are set as follows. Let it be
assumed that the primary current is taken to be I1, the secondary
current is taken to be I2, the voltage developed between the
terminals of the primary coil L1 is taken as V1, the voltage
developed between the terminals of the secondary coil L2 and the
mutual inductance between the primary coil L] and the secondary
coil L2 is taken as M. In this case, if a load Z is coupled to the
secondary coil L2, the input impedance Zin viewed from the

terminal of the primary coil L] is given by the following equation.

2
Zin = V1 = joL, + (M)
I joLy +Z

where ® denotes an angular frequency, and L1L2 are almost equal
to M2.
If the load Z is in a short-circuited state, that is, if Z = 0, the

input impedance Zin becomes zero as follows.

2 . 2 .
Zin = joLi + @M o1, JOMT L sol - joL = 0
jO)Lz + Z\‘ Lz

0 e 47)

Subsequently, if the load Z is set to an open state, that is, if Z =

e, the input impedance Zin becomes as follows, with the result that
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the impedance merely depends upon the inductance of only the

primary coil.

Zin = joL; + — joL;

Accordingly, the input impedances of the primary coils of the
transformers 27 and 28 are affected by the loads of the secondary
coils.

Returning back to Fig. 14, when the principle described with
reference to Fig. 15 is applied thereto, the buffer amplifiers 25, 26
loads are in the short-circuited states, and the respective primary
coils of the transformers 27, 28 operate in a stat that the input
impedances of the secondary coils of the transformers 27, 28 are
zero (short-circuited state). Accordingly, in Fig. 14 the signal
currents iy; and iy do not induce a voltage between the terminals
of each of the secondary coils. In general, when the transformer is

driven, the signal for the transformer is treated as a current, and

the magnetic flux proportional to the product of that current and the

inductance of the primary coil breaks out within the magnetic core
of the transformer. A voltage is induced in the secondary coil in
accordance with the time-variation (differential coefficient) of this

magnetic flux. Now, when a potential induced at the terminals of
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the secondary coil L2 is taken as e, this potential e; can be defined

as follows.

That is, in this instance, since a signal source for driving the
transformer is a current source, its output impedance is e, and when
viewed from the secondary coil side, as described before it depends
upon the impedance due to the inductance of only the secondary
coil. One of the features of this embodiment, being different from
this ordinary method, is that the transformer is driven with a
voltage source.

Secondly, a brief 'description will be made hereinbelow of the
integrating circuits 23, 24 additionally serving as low-pass filters.
In the case of the integrating circuits 23, 24, when the integral
capacity is taken as C, 1/C becomes the integral coefficient of
proportion. However, in a case where the input signal is expressible
by a sine wave, when its angular frequency is taken as ®, the
integral coefficient of proportion becomes 1/@wC which exhibits a
frequency characteristic. This frequency characteristic is for the
purpose of cancelling the differential actions of the transformers 27,
28, i.e., eliminating the fact that, when the inductance is taken as L,
the differential coefficient of proportion ®wL appears in the
differehtial output so that the transformers 27, 28 have a frequency

characteristic. That is, the integrated frequency characteristic of the
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first and second frequency converting circuits 2, 3 to the common
wave extraction output is made to be even. If the frequency
characteristic is even in the frequency range of the signal for the
othér circuit elements, the integrated frequency characteristic H of
the first and second frequency converting circuits 2, 3 to the
common wave extraction output is expressed according to the
following equation, and the freqhency variable ® disappears so that

it become even.

H=-1_
oC
e (50)

As described above, in terms of the common wave extracting
circuit being an element of the receiving circuit, the prior art uses a
current source as a signal source for driving the transformer, while
according to this embodiment a S'oltage source is employed as the
signal source, and in addition, with the secondary coils of the
transformers being coupled in parallel to each other, the impedance
of the transformer can be raised only in relation to the inphase
signal being a common wave or the anti-phase signal in accordance
with the polarities in the connection between the secondary coils of
the transformers, with the result a load effect due to an impedance
close to zero arises for the non-common wave. Accordingly,
although in the prior art the difference (ratio) between the common

wave and the non-common wave in the circuit is 2 : 1 at most,

according to this embodiment the difference can at least be
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increased up to more than two times as compared with that of the
prior art, thereby providing the removing effects greater than that
of the prior art.
Fifteenth Embodiment

Fig. 16 is an illustration of an arrangement of a receiving
circuit according to a fifteenth embodiment of this invention. This
embodiment relates to a modification of the fourteenth embodiment
shown in Fig. 14. In Fig. 16, parts corresponding to those in Fig. 14
are marked with the same numerals. The difference from the
fourteenth embodiment is that an input line 21 through which the
output of the first frequency converting circuit 2 passes and an
input line 22 through which the output of the second frequency
converting circuit 3 passes are connected with first and second non-
common wave signal removing circuits 46, 47 which accept as first
inputs the outputs thereof, respectively. The outputs of the first
and second non-common wave signal removing circuits 46, 47 are
fed to a common wave extracting circuit 5n. Further, the input line
21 through which the output of the first frequency converting
circuit 2 passes and the input line 22 through which the output of
the second frequency converting circuit 3 passes are connected with
a balance monitoring circuit 43 which receives the respective
outputs as comparison signals. An output 31a of the common wave
signal extracting circuit 5n is coupled to the frequency offset circuit
6 and further fed as a third input to the balance monitoring circuit

43. Other outputs of the common wave signal extracting circuit Sn
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are fed to first and second non-common wave sighal detecting
circuits 41, 42, respectively. The first and second non-common
wave signal detecting circuits 41, 42 accept, as a second input, the
outputs of the first and second frequency converting circuits 2, 3
through the input lines 21, 22, respectively. The outputs of the first
and second non-common wave signal detecting circuits 41, 42,
together with the output of the balance monitoring circuit 43, are
supplied to first and second synthesizing circuits 44, 45,
fespectively. Thé ‘outputs of the synthesizing circuits 44, 45 are fed
as a second input to the first and second non-common wave signal
removing circuits 46, 47, respectively. The other arrangements are
the same as those in Fig. 14 except that the common wave extracting
circuit is generally denoted at 5n in place of 5, and the description
thereof will be omitted.

Secondly, a description will be made hereinbelow of an
operation of the receiving circuit according to this embodiment. As
well as in Fig. 14, a signal ep + ey is outputted from the first
frequency converting circuit 2, while a signal ep + ey2 is outputted
from the second frequency converting circuit 3. The outputs of the
first and second frequency converting circuits 2, 3 are supplied to
the first and second non-common wave signal removing circuits 46,
47, respectively. In the first and secoﬁd non-common wave signal
removing circuits 46, 47, a subtraction is made with a second input
which will be described later. The outputs of the first and second

non-common wave signal removing circuits 46, 47 are supplied to
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the common wave extracting circuit 5n. These inputs to the
common wave extracting circuit 5n are basically the first frequency
converting circuit 2 side signal ep + ey; and the second frequency
converting circuit 3 side signal ep + eyz, respectively. Accordingly,
in the common wave extracting circuit Sn, the common wave signal
ep is extracted as described in detail in terms of the common wave
extracting circuit 5 in the fourteenth embodiment. However, the.
common wave extracting circuit 5n can not completely remove the
non-common wave signals as obvious from the example shown in
Fig. 14. More specifically, if the coupling degree of the primary coils
and the secondary coils of the transformers 27, 28 in the common
wave extractiné circuit 5n is insufficient, or if the output impedance
of the amplifier 25 or 26 for driving the transformer is not
sufficiently low, the removal of the non-common wave components
can not be accomplished sufficiently. For this reason, according to
this embodiment, the common wave signal output 3la once
extracted is feedbacked to be compared witﬁ the first frequency
converting circuit 2 side signal ep + ey; or the second frequency
converting circuit 3 side signal ep + eyz. For this comparison, the
aforesaid first and second non-common wave signal detecting
circuits 41, 42 serves as comparators.

This comparison results are outputted through the
synthesizing circuits 44, 45 for correcting the input signals from the
input line 21 through which the output of the first frequency

converting circuit 2 passes and from the input line 22 through
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which the output of the second frequency converting circuit 3
passes. For this correction, the aforesaid first and second non-
common wave signal removing circuits 46, 47 work. On the other
hand, when noting the common wave signal ep, the first frequency
converting circuit 2 side signal strength and the second frequency
converting circuit 3 side signal strength are not always equal to each
other at the stage of the signals from the input line 21 through
which the output of the first frequency converting circuit 2 passes
and from the input line 22 through which the output of the second
frequency converting circuit 3 passes, or in the whole range up to
the common wave extracting circuit 5Sn. Whereupon, if these signal
strengths -are significantly different from each other, the difference
is treated as a non-common wave component, and hence, even if one
has a sufficient signal strength, the signals are not used effectively.
Thus, it is effective that the output of the common wave extracting
circuit Sn is compared with an intermediate point between the
outputs of the first and second non-common wave signal removing
circnits 46, 47 and the comparison result is corrected with the offset
being made in the whole of the circuit. This function can be
accomplished with the balance monitoring circuit 43 and a path that
the output of the balance monitoring circuit 43 passes through the
first and second synthesizing circuits 44, 45 and feedbacks to the
first and second non-common wave signal removing circuits 46, 47.
Fig. 17 is an detailed illustration of the fifteenth embodiment

shown in Fig. 16, where parts corresponding to those in Fig. 16 are
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marked with the same reference numerals. As well as in Fig. 16, the
outputs of the first and second frequency converting circuits 2, 3 are
supplied as a first input through the input lines 21, 22 to first and
second differential amplifiers 46a, 47a, the outputs of which are fed
to first and second integrating circuits 23, 24 which serve as low-
pass filters. The outputs of the first and second integrating circuits
23, 24 are supplied to first and second buffer amplifiers 25, 26,
respectively. The outputs of the first and second buffer amplifiers
25, 26 are feedbacked to their negative input sides. The outputs of
the first and second buffer amplifiers 25, 26 are applied to one ends
of the primary coils of transformers 27, 28. The other ends of the
primary coils of the transformers 27, 28 are grounded in the form of
alternating currents. The secondary coils thereof are coupled in
parallel to each other to have the same polarities, and a junction 29
between one ends of the secondary coils equal in polarity to the
primary coils acts as an output terminal, while the the other ends
thereof are grounded as alternating currents. The junction 29 of the
secondary coils is connected with a third buffer amplifier 30 the
output of which is feedbacked to its negative input side. The output
31a of the third buffer amplifier 30 is fed to the frequency offset
circuit 6 and further coupled to the positive input sides of third and
fourth differential amplifiers 41a, 42a and to the positive input side
of a differential amplifier 50. The negative input terminals of the
third and fourth differential amplifiers 41a, 42a are connected with

the input line 21 through which the output of the first frequency
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converting circuit 2 passes and further with the input line 22
through which the output of the second frequency converting circuit
3 passes, respectively. The outputs of fourth and fifth buffer
amplifiers 48, 49 are coupled through two resistors R, equal in
resistance, to each other, and the node therebetween is coupled to
the negative input terminal of an eighth differential amplifier 50.
Further, the outputs of the third and fourth differential amplifiers
41a, 42a coupled to the positive input terminals of sixth and
seventh differential amplifiers 44a, 45a, while the negative input
terminals of the differential amplifiers 44a, 45a are coupled to the
output of the eighth differential amplifier 50. The outputs of the
sixth and seventh differential amplifiers 44a, 45a are coupled to the
negative input terminals of the first and second differential
amplifiers 46a, 47a, respectively.

In Figs. 16 and 17, the non-common wave signal removing
circuits 46, 47 respectively correspond to the first and second
differential amplifiers 46a, 47a, the common wave extracting circuit
S5Sn corresponds to a common wave extracting circmit 5p, the balance
monitoring circuit 43 corresponds tol a balance monitoring circuit
43a comprising the fourth and fifth buffer amplifiers 48, 49, the
resistors R and the differential amplifier 50, the non-common wave
signal detecting circuits 41, 42 correspond to the third and fourth
differential amplifiers 41a, 42a, and £he synthesizing circuits 44, 45

correspond to the sixth and seventh differential amplifiers 44a, 45a.
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Secondly, a description will be made hereinbelow of an
operation of a concrete example according to this embodiment. As
well as in Fig. 16, a signal ep + ey; is outputted from the first
frequency converting circuit 2, while a signal ep + eyz is outputted
from the second frequency converting circuit 3. The outputs of the
first and second frequency converting circuits 2, 3 are supplied to
the positive input terminals of the differential amplifiers 46a, 47a
for the removal of the non-common wave signals, where the
subtraction of a second input which will be described later is made,
the outputs of which are fed to a common wave extracting circuit
5p. In the common wave extracting circuit Sp, high-frequency
unnecessary components are reduced by the integrating circuit 23
or integrating circuit 24 also serving as a low-pass filter, before the
signals therefrom are fed to the first and second buffer amplifiers
25, 26. Accepting the first frequency converting circuit 2 side signal
ep + ep; and the second frequency converting circuit 3 side signal ep
+ eyz from the buffer amplifiers 25, 26, transformers 27 and 28, as
described in the fourteenth embodiment shown in Fig. 15, extract
the common wave signal ep, while at the same time the non-
common wave components are left. The outputs of the secondary
coils of the transformers 27, 28 containing the remainder of the
non-common wave components are led to the positive input
terminals of the differential amplifiers 41a, 42a. The differential
amplifiers 41a, 42a accept the outputs of the first and second

frequency converting circuits 2, 3 as comparison signals through
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input lines 21, 22, and further supply the differential amplifiers
44a, 45a with the difference between these comparison signals and
the common wave signal output 31a extracted as a substantial
common wave component. On the other hand, the common wave
extracted output 3la is feedbacked to the differential amplifiers
44a, 45a to be compared with the first frequency converting circuit
2 side signal ep + ey; or the second frequency converting circuit 3
side signal ep + eyz. These differential amplifiers 41a, 42a
correspond to the aforesaid non-common wave signal detecting
circuits 41, 42, This comparison results are fed to the positive input
terminals of the differential amplifiers 44a, 45a. Going the other
way, In terms of the common wave signal ep, if there is a difference
between the strength of the signal entering the first frequency
converting circuit 2 side or the circuit gain in a range from the first
frequency converting circuit 2 output (21) to the common wave
signal output 31a and the strength of the signal entering the second
frequency converting circuit 3 side or the circuit gain in a range
from ‘the second frequency converting circuit 3 output to the
common wave signal output 31a, in order to attain the outputs with
a high efficiency, the first frequency converting circuit 2 output (21)
and the second frequency converting circuit 3 output (22) are
obtained in the .buffer amplifiers 48 and 49, before the intermediate
value due to the resistors R is compared with the common wave
extracted output 31a in the differential amplifier 50. The

comparison result is fed to the negative input terminals of the
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differential amplifiers 44a, 45a, i.e., the synthesizing circuits 44, 45,
so as to be added to the first frequency converting circuit 2 output
(21) and the second frequency converting circuit 3 output (22). The
signals synthesized in the differential amplifiers 44a, 45a are
supplied to the differential amplifiers 46a, 47a, respectively, thus
correcting the first frequency converting circuit 2 output (21) and
the second frequency converting circuit 3 output (22). |

Thus, according to this embodiment, there are provided a
function that removes the non-common wave components
remaining the common wave extracted output and a function that,
in terms of the common wave signal ep, removes the difference
arising between the strength of the signal entering the first
frequency converting circuit 2 side or the circuit gain from the
output (21) to the output 31a and the strength of the signal entering
the second frequency converting circuit 3 side or the circuit gain
from the output (22) to the output 31la.
Sixteenth Embodiment

Fig. 18 is an illustration of an arrangement of a receiving
circuit according to a sixteenth embodiment of this invention. A
communicating method covered by this invention includes QPSK,
and the arrangements as shown in Figs. 14, 16 and 17 can only
extract components equal in phase, i.e., the I-axis components in the
QPSK. This embodiment is designed to extract signals different by
180 degrees in phase. As shown in Fig. 18, the receiving circuit

basically has the same arrangement as in Fig. 14, while two
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transformers are coupled so that the polarities of the signals of the
secondary coils are opposite to each other. The Fig. 18 arrangement
is the same as the Fig. 14 arrangement except for this point, and the
description thereof will be omitted for brevity. In operation, in the
case of the Fig. 14 arrangement, the inphase signals can be produced
at the secondary sides without interfering with each other, whereas
in the Fig. 18 arrangement the polarity of one secondary coil is
inverted, with the result that the anti-phase signals, i.e., the Q
signals in the QPSK, which do not interfere with each other, are
taken out at reception. Accordingly, the inphase signals come into
anti-phase and interfering relation to each other in the secondary
coil sides to attenuate.

venteenth im

Fig. 19 is an illustration of an arrangement of a receiving

circuit according to a seventeenth embodiment of this invention.
This embodiment relates to the antiphase signal taking-out feature
of the aforesaid sixteenth embodiment being applied to the
receiving circuits as shown in Figs. 16 and 17. Although the Fig. 17
arrangement relates to the removal of the non-common wave signal
components of the inphase signals and the improvement of
balancing, in this embodiment, the common wave signal is treated as
the antiphase signal to exhibit the same effects.

ighteenth E imen

Fig. 21 is a block diagram showing an arrangement of a

receiving circuit according to an eighteenth embodiment of this
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invention. This embodiment adopts the same receiving method as
that of the receiving circuit according to the fifth embodiment
shown in Fig. 5. For this reason, the same parts as those in Fig. 5 are
marked with the same reference numerals, and the detailed
description will be omitted for simplicity, while only the unique
portions of Fig. 21 arrangement will be described hereinbelow. In
this embodiment, the local frequency signal generating circuit 4A is
composed of a desired wave carrier frequency signal generating
source 32 for producing a desired wave carrier frequency signal, an
offset frequency signal generating source 33 placed in parallel
relation to the desired wave carrier frequency signal generating
source 32 to produce an offset frequency signal, a carrier frequency
signal phase-shifting circuit 34 being a means for phase-shifting
(delaying) the carrier frequency signal from the desired wave
carrier frequency signal generating source 32, an offset frequency
signal phase-shifting circuit 35 being a means for phase-shifting the
offset frequency signal from the offset frequency signal generating

source 33, and first and second quadrature demodulators 36a and

36b.

The first quadrature demodulator 36a comprises a first
multiplier 37a for multiplying the desired wave carrier frequency
signal produced in the desired wave carrier frequency signal
generating source 32 by the offset frequency signal produced in the
offset frequency signal generating source 33, a second multiplier

38a for multiplying the desired wave carrier frequency signal
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phase-shifted in the carrier frequency signal phase-shifting means
34 by the offset frequency signal phase-shifted in the offset
frequency signal phase-shifting circuit 35, and a negative offset side
local frequency outputting adder 51 for summing up the
multiplication result of the first multiplier 37a and the
multiplication result of the second multiplier 38a to output a
negative offset side local frequency (wc - wo). On the other hand,
the second quadrature modulator 36b is composed of a third

multiplier 37b for multiplying the desired 'wave carrier frequency

signal produced in the desired wave carrier frequency signal

generating source 32 by the offset frequency signal phase-shifted in
the offset frequency signal phase-shifting circnit 35, a fourth
multiplier 38b for multiplying the desired wave carrier frequency
signal phase-shifted in the carrier frequency signal phase-shifting
circuit 34 by the offset frequency signal produced in the offset
frequency signal generating source 33, and a positive offset side
local frequency outputting adder 52 for summing up the
multiplication result of the third multiplier 37b and the
multiplication result of the fourth multiplier 38b to output a
positive offset side local frequency (wc + @wo). The output of the
negative offset side local frequency outputting adder 51 is fed to the
second quadrature demodulator 12, whereas the output of the
positive offset side local frequency outputting adder 52 is fed to the

first quadrature demodulator 11.
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Secondly, a description will be made hereinbelow of an
operational principle and an operation of the eighteenth
embodiment. The desired wave carrier frequency signal wc from
the desired wave carrier frequency signal generating source 32 is
supplied to the carrier frequency signal phase-shifting circuit 34 so
that its phase is delayed by =/2. The offset frequency signal wo is
supplied to the offset frequency signal phase-shifting circuit 35 so
that its phase is delayed by n/2. The first multiplier 37a of the two
multipliers 37a and 38a making up the first quadrature
demodulator 36a accepts the desired wave carrier frequency signal
coswct from the aforesaid desired wave carrier frequency signal
generating source 32 and the offset frequency signal coswot from
the offset frequency signal generating source 33. The second
multiplier 38a accepts the desired wave carrier frequency signal
sinoct from the carrier frequency signal phase-shifting circuit 34
which is phase-delayed by =n/2 and the offset frequency signal
sinwot from the offset frequency signal phase-shifting circuit 35
which is phase-delayed by n/2. As a result, a frequency of wc - wo,
as shown below, appears in the output of the negative offset side
local frequency outputting adder 51 of the first quadrature
demodulator 36a.

cosmct X coswot + sinwct X sinwot = cos (wc - ®o) t

The third multiplier 37b of the two multipliers 37b, 38b
making up the second quadrature modulator 36b accepts the

desired wave carrier frequency signal coswct from the aforesaid
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desired wave carrier frequency signal generating source 32 and the

offset frequency signal sinwot from the offset frequency signal

- phase-shifting circuit 35 which is phase-delayed by =/2. The fourth

multiplier 38b accepts the desired wave carrier frequency signal
sinoct from the carrier frequency signal phase-shifting circuit 34
which is phase-delayed by =/2 and the offset frequency signal
coswot from the offset frequency signal phase-shifting circuit 35
which is phase-delayed by =n/2. As a result, a frequency of wc + wo,
as shown below, is obtainable in the output of the negative offset
side local frequency outputting adder 52 of the first quadrature
demodulator 36b.

coswct X sinwot + sinwct X coswot = sin (wec + wo) t

As described above, it is obvious that this embodiment can
generate the complementary type local oscillation frequency
necessary for the basic arrangement of this invention, which is
obtainable as an independent output. In addition, it is obvious that,
even if the carrier frequency of the desired signal is variable, the
signal is treatable with no corresponding filters.
Nineteenth imen

Fig. 22 is a block diagram showing an arrangement of a
receiving circuit according to a nineteenth embodiment of this
invention. . In this embodiment, in order to obtain fc + fo and fc - fo,
there are used two phase shifters, a quadrature modulator, an adder
and a polarity-inverting circuit. This embodiment adopts the same

receiving method as that of the fifth embodiment shown in Fig. 5.
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For this reason, the parts corresponding to those in Fig. 5 are
marked with the same reference numerals, and the detailed
description will be omitted, while only the unique arrangement of
Fig. 21 will be described hercinbelow. In this embodiment, the local
frequency signal generating circuit 4A is composed of a a desired
wave carrier frequency signal generating source 32 for producing a
desired wave carrier frequency signal, an offset frequency signal
generating source 33 placed in parallel relation to the desired wave
carrier frequency signal generating source 32 to produce an offset
frequency signal, a carrier frequency signal phase-shifting circuit 34
being a means for phase-shifting the carrier frequency signal from
the desired wave carrier frequency signal generating source 32, an
offset frequency signal phase-shifting circuit 35 being a means for
phase-shifting the offset frequency signal from the offset frequency
signal generating source 33, and a quadrature demodulator 36a, a
polarity inverting circuit 53, and a positive offset side local
frequency outputting adder 54.

The quadrature modulator 36a has the same construction as
the first quadrature modulator of the aforementioned eighteenth
embodiment, and comprises a first multiplier 37a for multiplying
the desired wave carrier frequency signal produced in the desired
wave carrier frequency signal generating source 32 by the offset
frequency signal produced in the offset frequency signal generating
source 33, a second multiplier 38a for multiplying the desired wave

carrier frequency signal phase-shifted in the carrier frequency
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signal phase-shifting circuit 34 by the offset frequency signal
phase-shifted in the offset frequency signal phase-shifting circuit
35, and a negative offset side local frequency outputting adder 51
for summing up the multiplication result of the first multiplier 37a
and the multiplication result of the second multiplier 38a to output
a negative offset side local frequency (wc - wo).

The polarity inverting circuit 53 inverts the polarity of the
output of the second multiplier. 38a. The positive offset side local
frequency outputting adder 54 sums up the multiplication result
output of the first multiplier 37a and the polarity-inverted output
of the polarity inverting circuit 53 to output a positive offset side
local frequency (wc + wo). Further, the output of the negative offset
side local frequency outputting adder 51 is fed to the second
quadrature demodulator 12, while the output of the positive offset
side local frequency outputting adder 54 is fed to the first
quadrature modulator 11.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the nineteenth
embodiment. The desired wave carrier frequency signal wc from
the desired wave carrier frequency signal generating source 32 is
supplied to the carrier frequency signal phase-shifting circuit 34 so
that its phase is delayed by n/2. On the other hand, the offset
frequency signal wo from the offset frequency signal generating
source 33 is supplied to the offset frequency signal phase-shifting

circuit 35 so that its phase is delayed by =/2.
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The first multiplier 37a of the two multipliers 37a and 38a
making up the quadrature demodulator 36a accepts the desired
wave carrier frequency signal coswct from the aforesaid desired
wave carrier frequency signal generating source 32 and the offset
frequency signal coswot from the offset frequency signal generating
source 33. The second multiplier 38a accepts the desired wave
carrier frequency signal sinwct from the carrier frequency signal
phase-shifting circuit 34 which is phase-delayed by n/2 and the
offset frequency signal éinmot from the offset frequency signal
phase-shifting circuit 35 which is phase-delayed by =n/2. As a
result, a frequency of wc - wo, as shown below, appears in the
output of the negative offset side local frequency outputting adder
51 of the first quadrature demodulator 36a.

cosmct X coswot + sinmct X sinwot = cos (®c - ®o) ¢t

A portion of the output of the second .multiplier 38a of the two
multipliers 37a, 38a making up the quadrature modulator 36a is fed
to the polarity inverting circuit 53, and | its inverted output, together
with the output of the first multiplier 37a, is inputted to the positive
offset side local frequency' outputting adder 54. As a result, a
frequency of wc + wo, as shown below, takes place.

coswct X sinwot + (-1) sinmwct x coswot = cos (wc + wo) t

As described above, it is obvious that this embodiment can
generate the complementary type local oscillation frequency
necessary for the basic arrangement of this invention, which is

obtainable as an independent output. In addition, it is obvious that,
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even if the carrier frequency of the desired signal is variable, the
signal is treatable with no corresponding filters.
Twentieth Embodiment |

Fig. 23 is a block diagram showing an arrangement of a
receiving circuit according to a twentieth embodiment of this
invention. In this embodiment, in order to obtain fc + fo and fc - fo,
there are used two phase shifters, a guadrature modulator, two
adders and a polarity-inverting circuit. This embodiment adopts the
same receiving method as that of the fifth embodiment shown in
Fig. 5. For this reason, the parts corresponding to those in Fig. 5 are
marked with the same reference numerals, and the detailed
description will be omitted, while only the unique arrangement of
Fig. 23 will be described hereinbelow. In this embodiment, the local
frequency signal generating circuit 4A is composed of a a desired
wave carrier frequency signal gener;ating source 32 for producing a
desired wave carrier frequency signal, an offset frequency signal
generating source 33 placed in parallel relation to the desired wave
carrier frequency signal generating source 32 to produce an offset
frequency signal, a carrier 'frequency signal phase-shifting circuit 34
being a means for phase-shifting the carrier frequency signal from
the desired wave carrier frequency signal generating source 32, an
offset frequency signal phase-shifting circuit 35 being a means for
phase-shifting the offset frequency signal from the offset frequency

signal generating source 33, and a quadrature demodulator 36a, a
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polarity inverting circuit 53, and a positive offset side local
frequency outputting adder 54.

The quadrature modulator 36a has the same construction as
the first quadrature modulator of the aforementioned eighteenth
embodiment, and comprises a first multiplier 37a for multiplying
the desired wave carrier frequency signal produced in the desired
wave carrier frequency signal generating source 32 by the offset
frequency signal produced in the offset frequency signal generating
source 33, a second multiplier 38a for multiplying the desired wave
carrier frequency signal phase-shifted in the carrier frequency
signal phase-shifting circuit 34 by the offset frequency signal
phase-shifted in the offset frequency signal phase-shifting circuit
35, and a negative offset side local frequency outputting adder 51
for summing up the multiplication result of the first multiplier 37a
and the multiplication result of the second multiplier 38a to output
a negative offset side local frequency (wc - wo).

The polarity inverting circuit 53 inverts the polarity of the
output of the second multiplier 38a. The positive offset side local
frequcncy' Butputting adder 54 sums up the multiplication result
output of the first multiplier 37a and the polarity-inverted output
of the polarity inverting circuit 53 to output a positive offset side
local frequency (wc + wo). Further, unlike the nineteenth
embodiment, the output of the negative offset side local frequency

outputting adder 51 is fed to the first quadrature demodulator 11,
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while the output of the positive offset side local frequency
outputting adder 54 is fed to the second quadrature modulator 12.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the twentieth embodiment.
The desired wave carrier frequency signal @c from the desired wave
carrier frequency signal generating source 32 is supplied to the
carrier frequency signal phase-shifting circuit 34 so that its phase is
delayed by =/2. On the other hand, the offset frequency signal wo
from the offset frequency signal generating source 33 is supplied to
the offset frequency signal phase-shifting circuit 35 so that its phase
is delayed by =/2.

The first multiplier 37a of the two multipliers 37a and 38a
making up the quadrature demodulator 36a accepts the desired
wave carrier frequency signal coswct from the aforesaid desired
wave carrier frequency signal generating source 32 and the offset
frequency signal coswot from the offset frequency signal generating
source 33. The second multiplier 38a accepts the desired wave
carrier frequency signal sinwoct from the carrier frequency signal
phase-shifting circuit 34 which is phase-delayed by =/2 and the
offset frequency signal sinwot from the offset frequency signal
phase-shifting circuit 35 which is phase-delayed by n/2. As a
result, a frequency of wc - o, as shown below, appears in the
output of the negative offset side local frequency outputting adder
51 of the first quadrature demodulator 36a.

cosmct X cosmot + sinwct X sinwot = cos (we - ®o) t
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A portion of the output of the second multiplier 38a of the two
multipliers 37a, 38a making up the quadrature modulator 36a is fed
to the polarity inverting circuit 53, and its inverted output, together
with the output of the first multiplier 37a, is inputted to the positive
offset side local frequency outputting adder 54. As a result, a
frequency of @c + wo, as shown below, takes place.

coswct X sinwot + (-1) sinwct X coswot = cos (¢ + wo) t

As described above, it is obvious that this embodiment can
generate the complementary type local oscillation frequency
necessary for the basic arrangement of this invention, which is
obtainable as an independent output. In addition, it is obvious that,
even if the carrier frequency of the desired signal is variable, the
signal is treatable with no corresponding filters.

wenty-Fir mbodimen

Fig. 24 is a block diagram showing an arrangement of a
receiving circuit according to a twenty first embodiment of this
invention. In a digital modulatin~g type communication system, this
embodiment allows less power in a receiving system, simplifies the
circuit, and permits reduction of power consumption. In Fig. 24,
reference numeral 61 represents a first data input line for carrying
a first received signal data obtained through a frequency converting
circuit or a quadrature demodulating. circuit, 62 designates a first
Fourier transformer for carrying out a Fourier transform of a signal
inputted from the first data input line 61, and 63 numeral depicts a

first Fourier transformed output obtained by the first Fourier
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transformer 62. Further, the reference numeral 64 denotes a
second data input line for carrying a second received signal obtained
by the frequency converting circuit or the quadrature demodulating
circuit, numeral 65 indicates a second Fourier transformer for
performing a Fourier transform of a signal inputted through the-
second data input line 64, and numeral 66 stands for a second
Fourier transformed output obtained by the second Fourier
transformer 65. Moreover, reference numeral 67 shows a correlator
for accepting the frequency component outputs of the first and
second Fourier transformers 62, 65 at every frequency to calculate a
coefficient of correlation, numeral 68 represents an adder for
summing up the outputs of the first and second Fourier

transformers 62, 65, numeral 69 designates an output of the
correlator 67, numeral 70 depicts a weighting function device for
accepting the obtained correlator output 69 to perform the
weighting, numeral 71 denotes a weighting value multiplier for
multiplying the addition output of the adder 68 to the output of the
weighting function device 70, numeral 72 indicates an after-
processing circuit for performing an after-process of the
multiplication operation by the weighting value multiplier 71,
numeral 72 indicates an inverse Fourier transformer input produced
by the after-process of the output of the weighting value multiplier
71, numeral 74 stands for an inverse Fourier transformer for

accepting the inverse Fourier transformer input to carry out the
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inverse Fourier transform process thereof, and numeral 75 denotes
an inverse Fourier transform output.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the twenty first
embodiment. In the aforementioned first to thirteenth
embodiments as the basic arrangement there are provided the first
and second frequency converting circuit 2, 3, the first and second
quadrature demodulating circuits 11, 12, or one frequency
converting circuit and one quadrature demodulating circuit. With
this arrangement, for the receiving operation, the receiving circuit
can obtain the first and second received signals. In this
embodiment, the first received signal is expressed by x(t) and
inputted into the first data input line 61. The second received signal
is expressed by y(t) and inputted into the second data input line 62.
The first received signal x(t) inputted into the first data input line
61 is inputted into the first Fourier transformer 62 to be Fourier-
transform-processed to provide the first Fourier-transformed
output 63. On the other hand, the second received signal y(t) is
inputted into the second Fourier transformer 65 to be Fourier-
transform-processed to provide the second Fourier transformed
output 66. With the Fourier transform processes in the first and
second Fourier transformers 62, 65, the first and second received
signal data inputted is transformed from the time base information

into the frequency base information.
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The first and second Fourier transformed outputs 63, 65 are
fed into the correlator 67. The correlator 67 accepts the frequency
components of the first and second Fourier transformed outputs 63,
65 at every frequency to calculate a coefficient of correlation. On
the other hand, the first and second Fourier transformed outputs 63
65 are inputted into the adder 68 apart from the calculation of the
correlation coefficient by the correlator 67. This adder 68 adds both
the Fourier transformed output signals thereto. In addition, The
correlation coefficient outputted from the correlator 67 is inputted
into the weighting function device 70 to be weighting-processed.
Moreover, the weighting value multiplier 71 accepts the addition
output of the adder 68 and the output of ihe weighting function
device 70 to multiply an amount output signal thereby. Thereafter,
the after-processing circuit 72 performs the after-process of the
multiplying operation of the weighting value multiplier 71. The
inverse Fourier transformer input 73 produced through this after-
process is fed to the inverse Fourier transformer 74 to be inverse-
Fourier-transform-processed, whereby the processing data is
restored from the frequency base information into the time base
information and the resultant signal represents the desired wave
extraction result as the inverse Fourier transformed output 75.

Then, a description will be made in terms of the theory of the
desire wave extracting principle. First of all, the theory of the
suppressing operation will be shown in the case that the desired

wave does not come. A non-desired wave (existing independently
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between two signal systems with time) is synchronously added,
before an amplitude component is increased to R times (where R
denotes a coefficient of correlation). The operation expression in the

correlator is as follows.

X+y
Addition 2

Coefficient of Correlation

R 1Y Re (x"-y)|

o V(TIPS 1y )

Weighting when R > 0, f(R) = R
_ when R < 0, f(R) =0
is 51)
If in each averaging window for calculation of the coefficient
of correlation the power Pyo of the non-desired wave takes a
constant value, the power Py of the process output is expressed
according to the following equation.
20 Py = (R? Pno)/2
where Pngo : power of non-desired wave, R : coefficient of correlation.
This correlation coefficient R is calculated using a finite
averaging window, and therefore a statistic error takes place so that

it does not coincide with the real correlation coefficient. The
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calculation of R is made with the independent samples which is N in
number, Since the real correlation coefficient should be zero, the
distribution of R is expressed by the probability density function of

the following equation.

5 Probability density function with respect to distribution of R
is:
I (N—z'—l) , N4
gR) = (1-R*) 2
=T (N_Z-Z)
..... (52)
10 From the above, the average power Py of the process output is

expressible by the following equation.

average power

1
PN=| LR?Py,-2(R)dR =—FNo
Lz No- & (R) 4(N-1)

is (53)

If the averaging window for the calculation of the coefficient
of correlation is a rectangular window with a length of Tc and the
length of the hamming window in carrying out the Fourier
transform is takén as TF, the number N of the independent samples

20 present in the averaging window is as follows.
N = (Tc) / (TF)
Accordingly, when the number N is large, the non-desired

wave process output can be expressed by the following equation.
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P Pno T
PN=1i No = INo AF
e AN-1) 4N T

That is, the output is in proportion to 1/N.

Furthermore, a description will be made herecinbelow of the
suppressing operation for the non-desired wave in the case that the
desired wave arrives. When the signal components are band-
divided, they are divided into regions where the desired wave
signal exists and regions where it does not exist. The amplitude of
the kth band component containing the desired wave component is
outputted with the multiplication of the coefficient of correlation
R(k) of that band. The coefficient of correlation R(k) can be
expressed by the following equation.

The coefficient of correlation in kth band containing a desired

wave component is:

R(k) = Pso(k)
Pso(k) + Pno(k)

where Pgo(k) : power of the kth frequency component of the desired
wave component within the average time, Pno(k) : power of the kth
frequency component of the non-desired wave component within
the average time.

When, in terms of k, Pgo(k) and Pno(k) are constant values Pgg
and Pno, the non-desired wave suppression effect is obtainable by

the following equation.
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ratio of desired wave/non-desired wave in output signal

ratio of desired wave/non-desired wave in input signal

=1/ (Bs4+ (- Fs) Py + Py
2 4(N-1) Pso

where Fs = (the number of bands containing the desired wave
component) / (the total number of bands).

It is found from this equation that the improvement effect of
the ratio of desired wave/non-desired wave becomes larger as the
number of bands containing the desired wave component is smaller.

Thus, according to this embodiment, the non-desired wave
suppression function can be realized using the statistic error of the
coefficient of correlation obtained by the finite averaging window,
1.e., the average time, and using the characteristic that the non-
desired wave is time-independently present between two signal
systems of the first and second received signals and treatable as

unbalanced signal.

Twenty-Second Embodiment

Figs. 25 to 33 are illustrations available for describing an
arrangement and an operational principle of a receiving circuit
according to a twenty-second embodiment of this invention. The
above-described embodiments relate to method corresponding to a
multiplexing digital modulating method such as to deal with a

quadrature modulation signal. In this method, two quadrature



10

15

20

25

-108-

demodulators are necessary, with the result that difficulty is
experienced to reduce the power consumption and simplify the
system. This embodiment relates to improvement of this point. In
this embodiment, one quadrature demodulator is used, and hence
secondary sampling is effected in the A/D converter to prevent the
turning on the frequency axis and to produce, from the A/D
converted output through a digital signal process, the quadrature-
demodulated output, essentially necessary but not lost, due to the
complementary local frequency.

Fig. 25 is a block diagram showing an arrangement of a
receiving circuit according to a twenty second embodiment of this
invention. In Fig. 25, reference numeral 1 denotes an antenna,
numeral 96 depicts a reception bandpass filter being a bandpass
filter for wavéform-shaping a received signal at a given frequency
band, numeral 11 represents a quadrature demodulator for
accepting the received signal, numeral 4 designates a local
frequency signal generating circuit, numeral 86 stands for a first
low-pass filter for cutting the high-frequency band of one output
signal of the quadrature demodulator 11, numeral 87 indicates a
second low-pass filter for cutting the high-frequency band of the
other output signal of the quadrature demodulator 11, numeral 90
signifies a first A/D converter for A/D-converting the output of the
first low-pass filter 86, numeral 91 represents a second A/D
converter for A/D-converting the output of the second low-pass

filter 87, numeral 92 designates a sampling signal generating source
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having the function of supplying a clock with a frequency higher
than a frequency corresponding to the band width of the received
signal to the first and second A/D converter 90, 91, the function of
adding a delayed pulse train to a sampling clock pulse train, and the
function of providing the sampling clock pulse train and the delayed
pulse train as the sampling pulses to the first and second A/D
converters 90, 91, and numeral 93 denotes an operating unit for
extracting a desired received channel signal from the digital output
data of the first and second A/D converters 90, 91.

In this embodiment, the quadrature demodulator 11 is
composed of first and second multipliers 78, 79 for accepting the
received signal from the reception bandpass filter 96 to carry out a
frequency conversion and a frequency offset circuit 98 for offset-
processing the local oscillation frequel_lcy signal from the local
frequency signal generating circuit 4 to give it to the second
multiplier 79, thus performing the frequency converting process of
the received signal.

Secondly, a description will be made hereinbelow of an
operational principle and operation of the aforementioned twenty
second embodiment. In Fig. 25, the received signal obtained
through the antenna 1 passes through the reception bandpass filter
96 to come into an intended or aiming signal group within the band
from which the I-axis component and Q-axis component are
extracted through the quadrature demodulator 11. These signals

are inputted into the first and second low-pass filters 86, 87 to



10

15

20

25

-110-

remove their high-frequency unnecessary components, before are
inputted into the first and second A/D converters 90, 91. For the
A/D conversion operation in the A/D converters 90, 91, the
sami)ling signal from the sampling signal generating source 92 is fed
to the first and second A/D converters 90, 91 for carrying out the
sampling operation. The digital data obtained through this sampling
operation is led into the operating unit 93 to be digital-signal-
processed to provide a baseband output. If the ordinary sampling is
effected in the A/D converters 90, 91, an alias occurs due to the
sampling so that the digital frequency conversion to be made
afterwards becomes impossible.

Fig. 26 is an illustration of the occurrence of an alias at the
sampling by the A/D converters 90, 91. In Fig. 26, when a signal
shown in (A) is supplied and passed through a low-pass filter, the
high-frequency component is removed as shown in (B). ‘When this
high-frequency-component-removed signal is sampled, as shown in
the A/D-converted output illustration of (C), an alias arises. For this
reason, in this embodiment, means is provided for avoiding the
turning on the frequency axis which causes the occurrence of the
alias. This will be described hereinbelow with reference to
equations.

Now, when the carrier frequency is taken to be fc and the
QPSK sub-carrier frequency is taken as fo, the radio signal frg can be

expressed as follows.
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frr= A(t) cos { 2r (fc+ 1, ) t+6(1) }

= A(t) cos { 2n (fo+f,) t + Ba(t) }
+ A(t) sin { 2n (f. + f,) t + Ba(t) }

In this equation, the phase signal 6(t) is 8(t) = 0, £ n/2, n. A

consideration is taken of a multi-channel communication system

such as a PDC. Fig. 27 is a model showing a state of a receiving
channe] in a multi-channel communication system. Now, let it be
assumed that as shown in Fig. 27 the respective channel are
disposed at an equal interval on the frequency axis. Further, it is
assumed that the channel spacing frequency is fb. When the N
channels arrive after being passed through the input filter of the

receiver, the input signal fin is as follows.

N-1
fin =Y, Ai(t) cos { 21 (fc+i x fu+fo) t + 6ai(t)}

i=0
N-1

-+ Y Ai(t) sin { 21 (fe+ x fu+fo) t + 6a(t)}
i=0

In this instance, if the respective channels are close to each
other, 2fo = fb, and hence the input signal finy can be written as

follows.

N-I
fin=, Ai(t) cos { 2n (fc+[21+1] )t + 84(t) }

i=0
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N-1
+Y Ai(t) sin { 2r (fc+ [ 20 +1] o) t + 8ai(t) }

i=0

This signal group undergoes a frequency conversion being a
direct conversion. In general, if the frequency conversion is
effected to lower the frequency by fro and the frequency of the
resultant signal is taken as fpc, this frequency fpc can be expressed

by the following equation.

foc=finxfLo

N-1
= Ai(t) cos { 2n (fc-fro+[2i +1]fo) t + 6ui(t) }

i=0

N-1
+Y Ai(t) sin { 2n (fo-fo+[ 21 +1]1f) t + 8a.(t) }

i=0

N-1
+ Y, Ai(t) cos { 2 (fe+fro+[2i+1]f) t+ 0x(t) }

i=0

N-1
+Y Ait) sin { 2rn (fc+fLo+[2i+1]5) t+ 6a(t) }

i=o
s (60)
In the above equation, the later two items are ordinarily
easily blocked by the circuit frequency characteristic because the

frequency is increased to two times the RF frequency. Accordingly,
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the frequency fpc after the frequency conversion can be given as

the following equation.

foc=finxfLo

5
N-1 .
=Y, Ai(t) cos { 2r (fo-fro+[2i +1]1fo) t+ 8ai(D) }
i=0 .
N-1
+Z Ai(t) sin { 2r (fo-fro+[2i+1] 1) t+ 64(t) }
i=o
..... (61)
10 In this case, some channels causes fc - frLp) to be negative.

That is, the frequency is negative. This means that, of the polarities
of the phase rotating plane of the QPSK signal, the Q axis is inverted,
that is, means only that the rotation of the QPSK signal is reversed.
Accordingly, even if the polarity of the frequency is negative, the
15 signal does not disappear.
Subsequently, for digital conversion, this signal is supplied to
the A/D converters 90, 91. In this case, the A/D converters 90, 91
are equivalent to sampling, and the outputs thereof take discrete
states. In the discrete process, the signals before and after the
20 process does not always have one-to-one relation to each other. In
many cases, an alias occurs. Accordingly, the signal to be A/D-
converted is made to be lower than 1/2 of the A/D conversion
frequency or a plurality of conversion signal trains for the A/D

conversion are used (high-order sampling).
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A consideration is taken of a physical meaning of the negative
frequency to find a way for using the negative region on the
frequency axis. In the following equation, the carrier of the QPSK is
set to a negative frequency. The position of the negative signal is
moved mathematically and the negative signal is rewritten to time
and function value. In the following equation, the uppermost
portion represents a negative frequency, the second portion
represents a negative time axis, and the lowermost portion shows a

negative function.

fre = A(t) cos {2n (-fc)t + Qa(t) } + A(t) sin { 2r (-f)t + 0a(t) }

= A(-t) cos {2x f(-t) + 6a(-t) } + A(-t) sin { 2n f(-t) + Ba(-t) }

= A(t) cos {2= f.t + Qa(t) } - A(t) sin { 2x fct + 6a(t) }

Fig. 28 is an illustration of an A/D converted output with a
negative frequency domain. The physical meaning of the negative
domain of the frequency does not differ from the behavior of the
positive frequency domain as far as viewing the above equation.
However, the expression of - fc means that the fc is treated as being
positive and the advancing direction on the frequency axis or the
direction of the line of sight is opposite, that is, means that the

rotation on the frequency circumference is reversed. It can be
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considered that the fact that the frequency is zero indicates a state
that it does not move anywhere on the circumference. Since the
QPSK operation that 6a(t) behaves is implemented at that position,
the spectrum signifies the bandwidth of the QPSK information.

For example, the RF signal and the local signals fed to the first
and second multipliers 94, 95 fight with each other in terms of the
rotating direction on the respective frequency circles in the
frequency conversion. In lowering the frequency, they complete
with each other to give the rotation in the opposite direction. As the
frequency approaches zero, the rotating speed decreases and the
rotation stops finally. When further advancing, the opposite-
direction speed of the local signal side becomes higher so that the
rotating direction becomes reversed.

From the above, in this theorical development, the signal
spectrum that the result gets into a negative frequency domain due
to the frequency conversion or the like is not expressed to have a
turning to the positive domain, but expressed such that the
frequency axis continues in the positive and negative directions.
This is for the purpose of expressing that the signal itself has
information comprising a plurality of axes like the QPSK signal and
others. According to the general prior expression, the frequency
domain is limited to the positive region and the spectrum is turned
to narrow the frequency space, thereby losing the degree of

freedom of the expression by one.
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On the other hand, the signal itself needs to be divided so as to
discriminate in the quadrature space that it forms the phase space
as time, i.e., phase function. Fig. 29 shows a method for
decomposing a signal component in quadrature components with a
cosine function and a sine function by utilizing the phase difference
of n/2. In this illustration, because being expressed by the cosine
function, fi(t) does not depend upon the positive and negative on the
frequency axis (even function). Since fQ(t) is expressible by the sine
function, when the frequency is in the negative region, the sign of
the function inverts (odd function).

By using the above-mentioned two methods, unlike the
conventional spectrum disposition that, in the A/D conversion, the
conversion frequency (or sampling frequency) fs is taken as a
turning point and the high frequency side is turned to less than the
conversion frequency fs, the image spectrum over the conversion
frequency fs is directly expressible.

Then, these two orthogonal signals are subjected to A/D
conversion. The frequency domains of the two orthogonal signals
are at the vicinity of the baseband, and it is sufficient that the
conversion speed is more than two times that of the intended signal
by the shannon's sampling theorem. Fig. 30 is an illustration of one
example of an quadrature sampling in the case that two orthogonal
signals are A/D-converted. The arrangement of Fig. 30 clearly
shows the signal flowing into parts in the arrangement from the

reception bandpass filter 96 to the first and second A/D converter
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90, 91. In Fig. 30, Ts represents the sampling period. In this A/D
converting operation, the sampling frequency ws has a relation of ws
2 Wo and forms a pair of sampling trains of fi(t) and fQ(t).

According to this method, since the signal f(t) is sampled as a point
on the IQ plane, the information such as the rotating direction of the
signal is obtainable and can be converted into a digital form.

If taking into account the frequency offset being a main point
of this embodiment, the Fig. 30 arrangement becomes as shown in
Fig. 31. That is, the local frequency is changed from @c into wc - wo
so that the offset frequency of wo remains in the output signal.
Since the frequency wo being the transmission speed of the
baseband signal and the frequency offset wo are contained in the
signals fi(wot) and fQ(wot) to be supplied to the A/D converters 90,
91, in the case of the base band transmission below a roll-off rate of
0.5, the frequency band width of 3wo centering on the carrier
frequency is considered to be contained therein. Accordingly, if the
frequency of the sampling clock is more than 6wo, it works
sufficiently. Because the signal f(t) is sampled as a point on the IQ
plane, the information such as the rotating direction of the signal
can be ensured and converted into a digital form in a state that the
continuity of the frequency axis in thé positive and negative
directions can be kept.

Accordingly, both the positive and negative frequency
conversions of the digital signal output of this receiving circuit is are

possible through the digital signal processing. That is, With the
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digital frequency conversion of minus 2wo, the signals fi(-wot) and
fQ(-mot) are obtainable from the signals fi(wot) and fQ(wot). As a
result, according to the above-mentioned method, only one of the
pairs of quadrature demodulators relaying on the complementary
local oscillation frequency is used, whereby the high-frequency
circuit is simplified up to approximately half and the power
consumption is reducible.

Fig. 32 is an illustration for describing another sampling
operation different from the quadrature sampling (Figs. 30 and 31)
in the case of carrying out the aforesaid A/D conversing operation.
This is based on the so-called shannon's secondary sampling. In this
sampling method, as shown in Fig. 32 a signal fb(t) obtained by
lowering a high-frequency input signal f(t) to the baseband through
the frequency conversion is coupled to two A/D converter systems.
With this arrangement, sampling pulses arranged as conversion
pulses (sampling pulses) at an equal time interval as shown in Fig.
33 is attained in the form of two-system pulse trains in a state with
a delay time 1. In consequence, as shown in Fig. 33 the signal to be
sampled is sampled with doubled pulses. The sampling frequency is
set to be more than the frequency band width of the signal. That is,
in the above case, since the transmitting speed of the baseband
signal fb(t) is wo, in the case that the roll-off rate is below 0.5, the

frequency band width becomes approximately 3wo. Whereupon, it

is sufficient that the sampling frequency is also 3wo. With such

sampling, the phase space can also extract the components other
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than the real axis at the frequency of the signal being sampled, and
hence the information obtained continues on the frequency axis in
the positive and negative directions. However, If the delay amount
is set to a value corresponding to n, only the real axis component is
obtained, with the result that it is required to select the phase
shifting amount other than =. If this method is made to be of the
frequency offset type according to this invention, it becomes as
shown in Fig. 33.
Twenty-Third Embodiment

Figs. 34 and 35 are illustrations for describing an arrangement
and an operational principle of a receiving circuit according to a
twenty third embodiment of this invention. Similarly, this twenty
third embodiment is based upon the same concepts as that of the
twenty second embodiment, and the number of the quadrature
demodulator is reduced to one so as to lessen the power
consumption and simplify the system. For this purpose, the
secondary sampling is performed in the A/D converter in order to
avoid the turning on the frequency axis and to produce the
frequency-converted output due to the complementary frequency,
essentially necessary but lost, from the A/D converted output by
means of the digital signal processing.

Fig. 34 is a block diagram showing an arrangement of a
receiving circuit according to the twenty third embodiment. In Fig.
34, reference numeral 1 represents an antenna for accepting a

signal being received, numeral 96 designates a reception bandpass
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filter for waveform-shaping the received signal in a given frequency
band, numeral 11 denotes a quadrature demodulator for accepting
the received signal, numeral 4 depicts a local frequency signal
generating circuit, 86 stands for a first low-pass filter for cutting a
high-frequency band of one output signal (I) from the quadra_ture
demodulator 11, numeral 87 indicates a second low-pass filter for
cutting a high-frequency band of the aforesaid one output signal (I)
from the quadrature demodulator 11, numeral 90 represents a first
A/D converter for A/D-converting the output of the first low-pass
filter 86, numeral 91 designates a second A/D converter for A/D-
converting the output of the second low-pass filter 87, numeral 92
signifies a sampling signal generating source having a function of
generating a clock signal with a frequency higher than a frequency
corresponding to a bandwidth of the received signal to supply the
clock signal as a sampling pulse signal to the first and second A/D
converters 90, 91, and numeral 97 denotes a delay circuit for
offsetting the sampling clock signal from the sampling signal
generating source 92 to supply the offset signal to the second A/D
converter 91. In addition, the other output signal Q of the
quadrature demodulator 11 is given to a Q-axis side circuit section
having the same arrangement as the I-axis side circuit section
comprising the aforementioned filters 86, 87, A/D converters 90, 91,
sampling signal generating source 92 and delay circuit 97. The
parts making up the Q-axis side circuit section are marked with the

same numerals as those of the I-axis side circuit section, but dashes
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are added to the numerals, in order to make clear the corresponding
relationship. Furthermore, numeral 93 depicts an operating unit for
extracting a desired reception channel signal from the digital output
data of the first and second A/D converters 90, 90, 91 and 91' in
both the I-axis and Q-axis sides.

In this instance, in place of the provision of the two low-péss
filters 86, 87, a single low-pass filter (for example, the low-pass
filter 86) can be used in common for the two A/D converters 90, 91
in such a way that the output of the filter is coupled to the inputs of
the A/D converters 90, 91. Moreover, the respective ones of the
sampling signal generating sources 92, 92' and the delay circuits 97,
97' can be used for both the I-axis side circuit section and Q-axis
side circuit section.

Secondly, a description will be made hereinbelow of an
operational principle and operation of the aforementioned twenty
third embodiment. In Fig. 34, the received signal obtained through
the antenna 1 passes through the reception bandpass filter 96 to
come into an intended signal group within the band, from which the
I-axis component and the Q-axis component are extracted through
the guadrature demodulator 11. This I-axis component signal is
inputted into the first and second low-pass filters 86, 87 to remove
the high-frequency unnecessary components, the filtered signals
being inputted into the first and second A/D converters 90, 91. For
the A/D conversion operation in the A/D converters 90, 91, the

sampling signal from the sampling signal generating source 92 is
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directly fed to the first A/D converters 90. Meanwhile, after being
frequency-offset in the delay circuit 97, it is fed to the second A/D
converter 91, thus performing the sampling process. The Q-axis
component undergoes the similar sampling process. The four digital
data obtained through this sampling operations are led into the
operating unit 93 to be digital-signal-processed to provide a
baseband output.

Fig. 35 is an illustration of one example of the quadrature
sampling in the case that two orthogonal signals are A/D-converted,
in the twenty third embodiment. The Fig. 35 arrangement
obviously shows the signals flowing the parts in the arrangement
from the reception bandpass filter 96 to the first and second A/D
converters 90, 91 of the I-axis side circuit section in Fig. 34, where
the illustration of the Q-aixs side circuit section is omitted for
simplicity. In Fig. 35, Tsl is indicative of a sampling period. In this
embodiment, since the frequency conversion includes the offset
frequency oo, the offset remainder wo is present in the output
signal. In this state, as described in the aforesaid twenty second
embodiment, the offset frequency wo is used as the carrier, and the
signal band with a spectrum developing the transmission speed of
oo is made. At this time, the shannon's secondary sampling
theorem has a sampling frequency above the signal band width, and
with the pulse train undergoing the delay t being also added, it is
possible to sample all the information amount including the original

signals. Accordingly, in a case where the roll-off rate is below 0.5,
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the frequency band width of the aforesaid signal fb(t) is about 3wo,
and hence the sampling frequency can be set to 3wo. As described
before, the delay time T can take a value other than the phase = of
the signal fb(t). Particularly, if © = x/2, the output can form an
orthogonal IQ plane.

Since from the above the signal fb(t) is sampled as a point on
the orthogonal IQ plane, it is possible to obtain the information such
as the rotating direction of the signal and further to keep the
continuity of the frequency axis in the positive and negative
directions, which allows digital conversion. Accordingly, it is also
possible that the digital signal output of this receiving circuit is
frequency-converted through the digital signal process in both the
positive and negative directions. That is, with the digital frequency
conversion of minus 2wo, the signals fi(-wot) and fQ(-wot) are
obtainable from the signals fi(wot) and fQ(wot). As a result,
according to the above-mentioned method, only one of the pairs of
quadrature demodulators depending on the complementary local
oscillation frequency is used, whereby the high-frequency circuit is
simplified up to approximately half and the power consumption is
reducible. Incidentally, it is equivalent to use one A/D converter
and integrally supply the sampling pulses. That is, referring to the
Fig. 25 example, the first and second A/D converters 90, 91 are
replaced with one A/D converter, and the sampling pulse for the
first A/D converter 90 and the sampling pulse due to the delayed

pulse train for the second A/D converter 91 are made to be received
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through a common sampling input section of the one A/D converter.
In this instance, two systems of digital output data outputting
sections are provided so as to separately output and supply the
digital output data due to the non-delayed sampling pulse train and
the digital output data due to the delayed sampling pulse train. It is
also possible to provide a receiving circuit with such an
arrangement.
Twenty-Fourth Embodimen

Figs. 36 and 37 are illustrations for describing an arrangement
and an operational principle of a receiving circuit according to a
twenty fourth embodiment of this invention. Similarly, this twenty
fourth embodiment is based upon the same concepts as that of the
twenty third embodiment, and the number of the quadrature
demodulator is reduced to one so as to lessen the power
consumption and simplify the system. In this instance, a plurality
of A/D converters (two or more converters) are provided, and the
secondary sampling is performed in the A/D converter in order to
avoid the turning on the frequency akis and to produce the
frequency-converted output due to the complementary local
frequency, essentially necessary but lost, from the A/D-converted
output by means of the digital signal processing.

Fig. 36 is a block diagram showing an arrangement of a
receiving circuit according to a twenty fourth embodiment of this
invention. In Fig. 36, there are shown an antenna 1 for accepting a

signal being received, a reception bandpass filter 9 being a bandpass
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filter for waveform-shaping the received signal at a given frequency
band, a quadrature demodulator 11 for accepting the received
signal, a local frequency signal generating circuit 4, a first low-pass
filter 86 for cutting off the high-frequency band of one output signal
(I) of the quadrature demodulator 11, a plurality of second and
following low-pass filters 87a to 87m for cutting off the high-
frequency band of the aforesaid one output signal (I) of the
quadrature demodulator 11, the number of the low-pass filters
being equal to the number of second and following A/D converters
which will be noted later, a first A/D converter 90 for A/D-
converting the output of the first low-pass filter 86, a plurality of
second and following A/D converters 91a to 91m for A/D-converting
the outputs of the second and following low-pass filters 87a to- 87m,
respectively, a sampling signal generating source 92 for supplying a
clock with a frequency higher than a frequeﬁcy corresponding to the
band width of the received signal to the first, second and following
A/D converters 90, 91a to 91m, and a plurality of delay circuits 97a
to 97m for offsetting the sampling clock signal from the sampling
signal generating source 92 to supply it to the second and following
A/D converters 91a to 91m, respectively. As well as the Fig. 34
arrangement, in the Fig. 36 arrangement the one output (I) of the
quadrature demodulator 11 is supplied to the I-axis side circuit
section while the other output (Q) thereof is given to a Q-axis side
circuit section 105 having the same arrangement as the I-axis side

circuit section. Reference numeral 93 depicts an operating unit for
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extracting a desired reception channel signal from the digital output
data of the first, second and following A/D converters 90, 91a to
91m. In this embodiment, the number of the second and following
A/D converters 91a to 91m is m, and correspondingly the numbers
of the low-pass filters 87 and the delay circuits 97 are also m.
Further, as well as the twenty third embodiment, the sampling
signal generating source and the delay circuit can be used in
common for the I-axis side circuit section and the Q-axis side circuit
section.

Secondly, a description will be made hereinbelow of a
operational principle and an operation of the twenty fourth
embodiment. In Fig. 36, the signal received by the antenna 1 passes
through the reception bandpass filter 96 to come into an intended
signal group within the band, from which the I-axis component and
Q-axis component are extracted through the quadrature
demodulator 11. This I-axis component is inputted into the first,
second and following low-pass filters 86, 87a to 87m to remove the
high-frequency unnecessary component, before inputted into the
first, second and following A/D converters 90, 91a to 91m. " For the
A/D conversion operation in the A/D converters 90, 91a to 91m, the
sampling signal from the sampling signal generating source 92 .is
directly fed to the first A/D converters 90. Meanwhile, after being
frequency-offset in the delay circuits 97a to 97m, it is fed to the
second and following A/D converters 91a to 91m, subsequently

undergoing the sampling process. The similar sampling process is
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also made to the Q-axis component. The plurality of digital data
obtained through these sampling operations are led into the
operating unit 93 to be digital-signal-processed to provide a
baseband output.

Fig. 37 is an illustration of one example of the quadrature
sampling in the case that two orthogonal signals are A/D-converted,
in the twenty fourth embodiment. Fig. 37 arrangement obviously
shows the signals flowing the parts in the arrangement from the
reception bandpass filter 96 to the first, second and following A/D
converters 90, 91a to 91m of the I-axis side circuit section in Fig. 36.
In Fig. 37, Tsl is indicative of a sampling period. In this
embodiment, (m + 1)-order sampling is effected by (m + 1) A/D
converters different in delay time. Accordingly, it is possible to
simplify the high-frequency circuit for the signal in the case of the
digital modulation and multiplexing. In consequence, according to
the aforesaid method, the complicatedly multiplexed digital-
modulated signal can also be covered by only one of the pairs of
frequency converters relying on the complementary local oscillation
frequency, whéreby the high-frequency circuit is simplified up to
approximately half and the power consumption is reducible.
Incidentally, it is equivalent to use one A/D converter and integrally
supply the sampling pulses.

Twenty-Fifth Embodiment
Fig. 38 is a block diagram showing an arrangement of a

receiving circuit according to a twenty fifth embodiment of this
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invention. In Fig. 38, there are shown an antenna 1, a received
signal inputting circuit 81 for accepting the received signal from the
antenna 1, a gain control circuit (AGC) 88 for performing the gain
control of the received signal, a first A/D converter 90 for A/D
converting the output signal of the gain control circuit 88, a second
A/D converter 91 for accepting the output signal of the gain control
circuit 88 as a signal of a system different from the first A/D
converter 90 to A/D convert it, a sampling signal generating source
92 for supplying a clock with a frequency higher than a frequency
corresponding to the band width of the received signal to the first
and second A/D converters 90, 91, and for adding a delayed pulse
train to a sampling clock pulse train to provide the sampling clock
pulse train and the delayed pulse train as the sampling pulses to the
first and second A/D converters 90, 91, and an operating unit 93 for
extracting a desired received channel signal from the digital output
data of the first and second A/D converters 90, 91. The received
signal inputting section 81 is composed of an amplifier 94 and a
bandpass filter (receiving band) 96. In addition, a phase shifter 99
is placed between the gain control circuit 88 and the second A/D
converter 91.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the twenty fifth
embodiment. A signal group received by the antenna 1 gets into
signals of only the communication channel band by means of the

received signal inputting circuit 81 including the reception bandpass
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filter 96. This signal is gain-adjusted through the gain control
circuit 88 to turn into a signal with a given level which in turn, is
fed to the first A/D converter 90, where from the sampling signal
generating source 92 there is obtained sampling pulses comprising a
pulse group with a frequency n times the frequency wo (n : an
integer) and a pulse group with the same frequency delay-
processed. Thus, the received signal undergoes the secondary
sampling operation by the first A/D converter 90 and is converted
into data centering on the desired channel signal, before being
supplied to the operating unit 93.

The received signal gain-adjusted by the gain control circuit
88 to have a give level is inputted through another system signal
line into the phase shifter 99 to be phase-processed, before being
fed to the second A/D converter 91, where from the sampling signal
generating source 92 there is obtained sampling pulses comprising a
pulse group with a frequency n times the frequency wo (n : an
integer) and a pulse group with the same frequency delay-
processed. Thus, the received signal undergoes the secondary
sampling operation by the second A/D converter 91 and is
converted into data centering on the desired channel signal, before
being supplied to the operating unit 93. The information on the
frequency conversion with oc - wo is produced on the basis of both
the data, and the correlation operation is effected to extract the

desired signal as a common wave.
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Fig. 39 is an illustration for describing one example of an
operation of the sampling signal generating source 92 in the twenty
fifth embodiment, and is a block diagram schematically and briefly
showing one A/D converter (for example, 90), the sampling signal
generating source 92 and other portions other than the operating
unit 93 in the Fig. 38 arrangement. In the Fig. 39 arrangement, a
pulse group with a frequency n times the frequency wo (n : an
integer) is produced in the sampling signal generating source 92 and
the delay operation is made t time for wo in the delay circuit and
the result is added to a pulse train from the sampling clock
generator.

Fig. 40 is an illustration for describing another example of an
operation of the sampling signal generating source 92 in the twenty
fifth embodiment, and is a block diagram schematically and briefly
showing the first A/D converter 90, the sampling signal generating
source 92 and the other portions other than the operating unit 93 in
the Fig. 38 arrangement. In the Fig. 40 example, the sampling signal
generating source 92 produces a pulse group with a frequency n
times the frequency wo (n : an integer) and the delay circuit
performs the delay .operation for wo by time corresponding to =/2,
thus generating the pulse train from the sampling clock generator
and the delayed pulse train from the delayed-pulse-train-adding
circuit, particularly delayed pulses delayed by a phase difference
time corresponding to =m/2 with respect to the frequency of the

desired channel signal.
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Fig. 41 is an illustration for describing a further example of an
operation of the sampling signal generating source 92 in the twenty
fifth embodiment, and is a block diagram schematically and briefly
showing the first A/D converter 90, the sampling signal generating
source 92 and the other portions other' than the operating unit 93 in
the Fig. 38 arrangement. In the Fig. 40 example, the sampling signal
generating source 92 produces a pulse group with a frequency n
times the frequency wo (n : an integer) and the delay circuit
performs the delay operation for wo by n/2 time plural times, thus
generating the éulse train from the sampling clock generator and
the delayed pulse train from the delayed-pulse-train-adding circuit,
particularly a plurality of delayed pulse trains delayed by a phase
difference time corresponding to =#/2 in relation to the frequency of
the desired channel signal.

As obvious from the above, according to this embodiment, the
frequency based on the band width is used as a sampling clock
frequency for the A/D converter, with the result that, even if the
sampling frequency component leaks in the air, the leakage does not
interfere with the communication, and the leakage can easily
prevented by the reception bandpass filter 96 built in the received
signal inputting circuit 81. In addition, since the sampling
frequency is extremely lower than the carrier frequency, it is
allowed to lower the frequency affecting the power consumption in
the circuit. Furthermore, since no analog type frequency converting’

circuit is present in the receiving circuit, active elements and filter

e o
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elements associated therewith are unnecessary. The A/D converters
90, 91 and the following digital signal processing circuit can all be
constructed as an integrated circuit, and hence the circuit can be
size-reduced and the wiring amount within the integrated circuit
can be little, which greatly reduces the power consumption. Thus, it
is possible to reduce the power in the receiving system, simplify the
receiving circuit, and lessen the power consumption.

wenty-Sixth Embodim

Furthermore, a description will be made hereinbelow of a

twenty sixth embodiment of this invention. Although for reduction
of the high-frequency circuit portion and reduction of the power
consumption, various improvements have been made for receiving
circuits of mobile communication systems, all of these
improvements do not reach a satisfactory result. Fig. 42 shows a
frequency disposition for the Japanese standard digital type
automobile telephone system. In Fig. 42, for example, in the case of
810 MHz to 828 MHz of the PDC being one example of the Japanese
standard, 640 waves are contained therein. That is, 1200 channels
are arranged at 25 KMz. Directly performing the sampling for this
frequency band greatly involves waste, because the channel band
width accommodating the transmission information is as narrow as
23 KHz

and the information amount is little. For this reason, if the received
radio band signal is immediately sampled in relation to its carrier

frequency band 800 MHz, the sampling of the several GHz (giga
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hertz) will be expected, whereas the information amount is only 25
kHz and hence most of the sample data becomes redundant.

In the receiving circuit according to this embodiment, a way of
directly adding the received signal to an A/D converter is realized,
thereby permitting the reduction of the number of the frequency
converters. If according to the shannon's sampling theorem the
maximum value of the time interval of samples necessary for
specifying an arbitrary time function f(t) is considered in terms of
the uﬁiform samples, it is expressible as the following equation and

comes to a well-known oversampling theorem.

fhe 3 f(n)Sin (2 Wt-nm)
O=2 '0W " 2mwi-un

In this equation, the frequency W represents the upper limit
of the frequency components contained in the time function f(t), i.e.,
in this case, 826 MHz. Whereupon, the sampling speed reaches
several giga S/s more than two times of 826 MHz. A consideration
is taken of the case that the spectrum is limited to fl to f2. In this
instance, an equation based on the shannon's secondary sampling

theorem becomes as follows.

0o

f)=T n;ﬂ (f(aT) Sinz:‘ v/v "tf)_“n';T) cost (£; + B)(t - nT)

sin (= / T)(t - nT)

+ fo(nT)
1 n Wt-nm

sinwt (f1 + f2)(t - nT)}
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where fg(t) denotes a value obtained by shifting the phases of all
the spectrums of fq(t) by n/2.

This equation means that, if the values of f(t) and fq(t) are
sampled at a sampling interval T = 1/(f2 - fl1), the original signal f(t)
is completely expressible. Accordingly, when f2 - f1 = W (Hz), it 1s
sufficient if f(t) and fq(t) are alternately sampled at the sampling
time interval of 1/W. That is, assuming that the bandwidth of the
filter provided in the received signal inputting circuit is 25 KHz, the
sampling speed of 25 KHz is enough. Because the filter actually
placed in the received signal inputting circuit is designed in a state
with all the adjacent channels being contained, its bandwidth
becomes 826 (MHz) - 810 (MHz) = 16 (MHz), and the sampling speed
becomes 15 MS.s. The disposition state of this received signal is
shown in Fig. 43 which is a schematic illustration of the channel
disposition in the Japanese standard digital type automobile
telephone system.

Fig. 44 is a block diagram showing an arrangement of a
receiving circuit according to the twenty-sixth embodiment of this
invention. In Fig. 44, reference numeral 1 represents an antenna,
pumeral 81 designates a received signal input circuit for accepting a
received signal obtained through the antenna 1, numeral 88 denotes
a gain control, circuit for carrying out the gain adjustment for the
received signal, numeral 90 depicts an A/D converter for A/D

converting the output signal of the gain control circuit 88, numeral
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92 indicates a sampling signal generating source comprising a
sampling clock generating section 92a for outputting a clock with a
frequency higher than the frequency corresponding to the
bandwidth of the receives signal to the A/D converter 90, a delayed
pulse adding section 92b for adding a delayed pulse train to a
sampling clock pulse train, and a pulse adding section 92c for
supplying the sampling clock pulse train and the delayed pulse train
as sampling pulses to the A/D converter 90, and numeral 93
signifies an operating unit for extracting a desired receiving channel
signal from ti)e digital output data of the A/D converter 90. The
received signal inputting section 81 is made up of an amplifier 94
and a reception bandpass . filter 96.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the twenty-sixth
embodiment. A signal group obtained through the antenna 1 turns
into only signals of the communication channel band through the
received signal inputting circuit 81 including the reception bandpass
filter 96. The signal is gain-adjusted in the gain control circuit 88 to
have a given level, before being supplied to the A/D converter 90.
In this A/D converter 90, there are given sampling pulses being a
combination of a pulse group with a frequency n times (n : an
integer) the frequency fo and a delayed pulse group with the same
frequency which are supplied from the sampling signal generating
source 92. Thus, the received signal is converted into data centering

on the desired channel signal by means of the secondary sampling
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operation of the A/D converter 90, and then being fed to the
operating unit 93. On the basis of the data, the operating unit 93
produces the information in the case that the frequency conversion
is made at a frequency fc - fo, and further performs the correlation
operation to extract the desired signal (BPSK signal) as the common
wave.

From the above, according to this embodiment, as a general
example, in a communication system based on the BPSK type digital
modulating method or the like, the desired wave channel is
receivable without use of the frequency converter, which can realize
a receiving circuit which is capable of reducing the power '
consumption and simplifying the circuit. Incidentally, although in
this twenty-sixth embodiment one A/D converter 90 is employed
for the A/D conversion, it is also appropriate that two A/D
converters are disposed in parallel to separately supply two kinds of
sampling pulse trains which in turn, are synthesized after the digital
signal output is obtained.

Twenty-Seventh Embodiment

Fig. 45 is a block diagram showing an arrangement of a
receiving circuit according to a twenty-seventh embodiment of this
invention. In Fig. 45, reference numeral 1 represents an antenna,
numeral 81 designates a received signal input circuit for accepting a
received signal obtained through the antenna 1, numeral 88 denotes
a gain control, circuit for carrying out the gain adjustment for the

received signal, numeral 90 depicts a first A/D converter for A/D
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converting the output signal of the gain control circuit 88, numeral
91 designates a second A/D converter for A/D converting the output
of the gain control circuit 88 as a signal led through a system (path)
different from the system to the first A/D converter 90, numeral 92
indicates a sampling signal generating source comprising a sampling
clock generating section 92a for outputting a clock with a frequency
higher than the frequency corresponding to the bandwidth of the
receives signal to the first and second A/D converters 90, 91, a
delayed pulse adding section 92b for adding a delayed pulse train to
a sampling clock pulse train, and a pulse adding section 92c for
supplying the sampling clock pulse train and the delayed pulse train
as sampling pulses to the first and second A/D converters 90, 91,
numeral 93 signifies an operating unit for extracting a desired
receiving channel signal from the digital output data of the A/D

converters 90, 91, and numeral 99 represents a phase shifter for

'accepting the gain control circuit 88 to shift its phase to send the

resultant to the second A/D converter 92. The received signal
inputting section 81 is made up of an amplifier 94 and a reception
bandpass filter 96.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the twenty-sixth
embodiment. A signal group obtained through the antenna 1 turns
into only signals of the communication channel band through the
received signal inputting circuit 81 including the reception bandpass

filter 96. The signal is gain-adjusted in the gain control circuit 88 to
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have a given level. The output of the gain control circuit 88 is
distributed into two systems. One system output supplied to the
first A/D converter 90. In this first A/D converter 90, there are
given sampling pulses being a combination of a clock pulse train
with a frequency higher than the frequency corresponding to the
band width of the received signal, i.e., a pulse group with a
frequency n times (n : an integer) the frequency fo and a delayed
pulse group with the same frequency which are supplied from the
sampling signal generating source 92. Thus, it is subjected to the
sampling control. The first A/D converter 90 produces the digital
signal output as well as the A/D converter in the aforesaid twenty-
sixth embodiment and supplies it to the opening unit 93. On the
other hand, the output of the gain control circuit 88 is distributed to
the other system (second system). This second system is connected
with the phase shifter 99, where the received signal undergoes a
phase variation of 90 degrees. This phase-shifting-processed signal
is inputted into the second A/D converter 91. The second A/D
converter 91 accepts, from the sampling signal generating source 92,
a clock pulse train with a frequency with a frequency higher than
the frequency corresponding to the bandwidth of the received
signal, i.e., a pulse group with a frequency n times (n : an integer)
the frequency fo, and a delayed pulse group with the same

frequency, to perform the sampling process for that signal. The

‘operating unit 93 produces the information in the case that the

frequency conversion is made at frequency fc - fo and further
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carries out the correlation operation to extract the desired signal
(BPSK signal) as a common wave. As a result, the BPSK signal
extracted from the digital output of the second A/D converter 91 in
the operating unit denotes the information including the output of
the first A/D converter 90 and a phase difference of 90 degrees.
These two kinds of information constitute a QPSK information. Thus,
this means that the demodulation is possible in terms of the signal
in the QPSK type communication method.

From the above, according to this embodiment, as a general
example, in a communication system based on the BPSK type digital
modulating method or the like, the desired wave channel is
receivable without use of the frequency converter, which can realize
a receiving circuit which is capable of reducing the power
consumption and simplifying the circuit.

Twenty-Eighth Embodiment

Fig. 46 is a block diagram showing an arrangement of a
receiving circuit according to .a twenty-eighth embodiment of this
invention. This embodiment realizés the space diversity with a
receiving circuit basically comprising a single direct quadrature
detector which is built in a local frequency complementary offset
type direct frequency converting system which bases this invention.
In Fig. 46, numeral 1 represents a plurality of antennas including a
first antenna la and a second antenna 1b. A first received signal
inputting circuit 81 accepts a first received signal obtained through

the first antenna la, a second received signal inputting circuit 82
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accepts the received signal obtained through the second antenna 1b,
a first frequency converter 83 accepts the received signal from the
first received signal inputting circuit 81 to perform a frequency
conversion thereof, and a second frequency converter 84 accepts the
received signal from the second received signal inputting circuit 82
to carry out a frequency conversion thereof. Further, a local
oscillator 85 offsets a desired carrier frequency by 1/2 of the
channel spacing frequency and outputs it to the first and second
frequency converters 83, 84, a first low-pass filter 86 cuts off the
high-frequency band of the output signal of the first frequency
converter 83, a second loW-pass filter 87 cuts off the high-
frequency band of the output signal of the second frequency
converter 84, a first gain control (AGC) circuit 88 adjusts the gain of
the first received signal, a second gain control circuit 89 adjusts the
gain of the second received signal, a first A/D converter 90 A/D-
converts the output signal of the first frequency converter 83, and a
second A/D converter 91 A/D-converts the output signal of the
second frequency converter 84. Still further, a sampling signal
generating source 92 generates a clock with a frequency higher than
the frequency corresponding to the bandwidth of the received signal
toward the first and second A/D converters 90, 91, adds a delayed
pulse train to a sampling clock pulse train, and supplies the
sampling clock pulse train and the delayed pulse train as the
sampling pulses to the first and second A/D converters 90, 91, and

an operating unit 93 extracts a desired receiving channel signal
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from the digital output data of the first and second A/D converters

00, 91. The first and second received signal inputting circuits 81, 82
are made up of amplifiers 94, 95 and reception bandpass filters 96,
97, respectively.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the twenty-eighth
embodiment. A signal group attained through the first antenna la
passes through the reception bandpass filter 96 to get into a signal
of only the communication channel band, before being frequency-
converted at the offset local oscillation frequency fc + fo in the first
frequency converter 83. This local frequency is fed from the local
oscillator 85. As a result, the outputs of the frequency 2fc + fo and
the frequency -fo are supplied to the first low-pass filter 86, where
the signal with the frequency -fo is derived because of the low-
frequency passing characteristic. This signal is adjusted by the first
gain control circuit 88 to have a given level, before being fed to the
first A/D converter 90, which also receives a pulse group being a
combination of a pulse group with a frequency n times (n : an
integer) 'the frequency fo and a delayed pulse group with the same
frequency from the sampling signal generating source 92. Thus, the
first A/D converter 90 obtains the secondary sampling operation so
that the inputted signal is converted into the data centering on the
desired channel signal. The converted signal is supplied to the

operating unit 93.
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A signal group received by the second antenna 1b is changed
into a signal of only the communication channel band through the
reception bandpass filter 97 and then frequency-converted at the
local oscillation frequency fc + fo. This local oscillation frequency is
supplied from the frequency oscillator 85. As a result, the outputs
of the frequency 2fc + fo and the frequency -fo are supplied to the
second low-pass filter 87, where the signal with the frequency -fo is
derived because of the low-frequency passing characteristic. This
signal is adjusted by the second gain control circuit 89 i:o have a
given level, before being fed to the second A/D converter 91 which
also receives a combination of a pulse group with a frequency n
times (n : an integer) the frequency fo and a delayed pulse group
with the same frequency from the sampling signal generating source
92. Thus, the second A/D converter 91 obtains the secondary
sampling operation so that the inputted signal is converted into the
data centering on the desired channel signal. The converted signal
is supplied to the operating unit 93. On the basis of both data the
operating unit 93 produces the information in the case that the
frequency conversion is made at the frequency fc - fo, and performs
the correlation operation to extract the desired signal as a common
wave.

Twenty-Ninth Embodimen

Fig. 47 is a block diagram showing an arrangement of a

receiving circuit according to a twenty-ninth embodiment of this

invention. This embodiment has the almost same arrangement as
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that of the aforesaid twenty-eighth embodiment, and the parts
corresponding to those of the twenty-eighth embodiment are
marked with the same numerals and the detailed description
thereof will be omitted for brevity. In this twenty-ninth
embodiment, two local oscillators are provided, one local oscillator
85a being the same as the local oscillator 85 in the twenty-eighth
embodiment and being connected with the first frequency converter
83 to supply the local oscillation frequency fc + fo thereto, and the
other local oscillator 85b being connected with the second frequency
converter 84 to supply the local oscillation frequency fc - fo thereto.
Secondly, a description will be made hercinbelow of an
opefational principle and an operation of the twenty-ninth
embodiment. A signal group received by a first antenna la is
changed into a signal of only the communication channel band
through a reception bandpass filter 96 and is frequency-converted
at the offset local oscillation frequency fc + fo in the first frequency
converter 83. This local oscillation frequency is supplied from the
local oscillator 85a. As a result, the outputs of the frequency 2fc + fo
and the frequency -fo are supplied to the first low-pass filter 86,
and the signal with the frequency -fo is derived by the low-
frequency passing characteristic. This signal is processed in the first
gain control circuit 88 to have a given -level and then supplied to the
first A/D converter 90. This first A/D converter 90 aecepts a pulse
group being a combination of a pulse group with a frequency n

times the frequency fo and a delayed pulse group with the same
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frequency which are supplied from a sampling signal generating
source 92. Thus, the first A/D converter 90 converts the signal into
data centering on the desired channel signal by the secondary
sampling operation, with the converted data being supplied to the
operating unit 93.

On the other hand, a signal group received by a second
antenna 1b is changed into a signal of only the communication
channel band through a reception bandpass filter 97 and is
frequency-converted at the offset local oscillation frequency fc - fo
in the second frequency converter 84. This local oscillation
frequency is supplied from the local oscillator 85b. As a result, the
outputs of the frequency 2fc - fo and the frequency fo are supplied
to the second low-pass filter 87, and the signal with the frequency -
fo is derived by the low-frequency passing characteristic. This
signal is processed in the second gain control circuit 89 to have a
given level and then supplied to the second A/D converter 91. This
second A/D converter 91 accepts a pulse group being a combination
of a pulse group with a frequency n times the frequency fo and a
delayed pulse group with the same frequency which are supplied
from a sampling signal generating source 92. Thus, the second A/D
converter 91 converts the signal into data centering on the desired
channel signal by the secondary sampling operation, with the
converted data being supplied to the operating unit 93. On the basis
of both the data the operating unit 93 produces the information in

the case that the frequency conversion is made at the frequency fc -
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fo, and further performs the correlation operation to extract the
desired signal as a common wave.
Thirtieth Embodiment

Fig. 48 is a block diagram showing an arrangement of a
receiving circuit according to a thirtieth embodiment of this
invention. The recording circuit according to this embodiment
basically has the same construction as those of the twenty-eighth
embodiment and the twenty-ninth embodiment, while the
construction is further simplified. In Fig. 48, parts corresponding to
those of both the aforesaid embodiments are marked with the same
numerals and a description thereof will briefly be made
hereinbelow. In Fig. 48, numeral 1 represents a plurality of
antennas including a first antenna la and a second antenna 1b. A
first received signal inputting circuit 81 accepts a first received
signal obtained through the first antenna la, a second received
signal inputting circuit 82 accepts the received signal obtained
through the second antenna 1b, a first gain control circuit 88 adjusts
the gain of the first received signal, a second gain control circuit 89
adjusts the gain of the second received signal, a first A/D converter
90 A/D-converts the output signal of the first gain control circuit 88,
and a second A/D converter 91 A/D-converts the output signal of
the second gain control circuit 89. Still further, a sampling signal
generating source 92 generates a clock with a frequency higher than
the frequency corresponding to the bandwidth of the received signal

toward the first and second A/D converters 90, 91, adds a delayed
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pulse train to a sampling clock pulse train, and supplies the
sampling clock pulse train and the delayed pulse train as the
sampling pulses to the first and second A/D converters 90, 91, and
an operating unit 93 extracts a desired receiving channel signal
from the digital output data of the first and second A/D converters
90, 91. The first and second received signal inputting circuits 81, 82
are made up of amplifiers 94, 95 and reception bandpass filters 96,
97, respectively.

Secondly, a description will be made hereinbelow of an
operational principle and an operation of the thirtieth embodiment.
A signal group received by a first antenna la is changed into a
signal of only the communication channel band through a reception
bandpass filter 96. This signal is processed in the first gain control
circuit 88 to have a given level and then supplied to the first A/D
convefter 90. This first A/D converter 90 accepts a pulse group
being a combination of a pulse group with a frequency n times the
frequency fo and a delayed pulse group with the same frequency
which are supplied from a sampling signal generating source 92.
Thus, the first A/D converter 90 converts the signal into data
centering on the desifed channel signal by the secondary sampling
operation, with the converted data being supplied to the operating
unit 93.

On the other hand, a signal group received by a second
antenna 1b is changed into a signal of only the communication

channel band through a reception bandpass filter 97. This signal is
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processed in the second gain control circuit 89 to have a given level
and then supplied to the second A/D converter 91. This second A/D
converter 91 accepts a pulse group being a combination of a pulse
group with a frequency n times the frequency fo and a delayed
pulse group with the same frequency which are supplied from a
sampling signal generating source 92. Thus, the second A/D
converter 91 converts the signal into data centering on the desired
channel signal by the secondary sampling operation, with the
converted data being supplied to the operating unit 93. On the basis
of both the data the operating unit 93 produces the information in
the case that the frequency conversion is made at the frequency fc -
fo, and further performs the correlation operation to extract the
desired signal as a common wave. In this embodiment, the
frequency conversion is not carried out before the A/D converter,
but the A/D converter itself is designed to have that function.

From the above, this embodiment can realize a space divercity
function which is built in a local frequency complementary offset
type frequency converting method which bases this invention.

According to this invention, as obvious from the above-
described embodiments, the frequency between the channels
contained in a communication system is directly converted as the
local frequency of the receiver, besides it is possible to prevent the
frequency offset arising in its output signal and the introduction of

the adjacent channel signals thereinto, and hence it is possible to
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lessen the power in the receiving system, simplify the circuit, and
reduce the power consumption.

It should be understood that the foregoing relates to only
preferred embodiments of the present invention, and that it is
intended to cover all changes and modifications of the embodiments
of the invention herein used for the purposes of the disclosure,
which do not constitute departures from the spirit and scope of the

invention.
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1. A receiving circuit comprising:

first and second frequency converting circuits for accepting a
received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second frequency converting circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacenf upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first frequency converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;

a common wave extracting circuit coupled to said first and
second frequency converting circuits for extracting a component
present in common in both outputs of said first and second
frequency converting circuits;

a frequency offset circuit coupled to said common wave
extracting circuit for removing a frequency offset remaining in an
output of said common wave extracting circuit; and

a filter coupled to said frequency offset circuit for removing
an unnecessary frequency component remaining in an output of said
frequency offset circuit.

2. A receiving circuit comprising:
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first and second frequency converting circuits for accepting a
received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second frequency converting circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first frequency converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;

a first frequency offset circuit for removirig a frequency offset
contained in an output of said first frequency converting circuit;

a second frequency offset circuit for removing a frequency
offset contained in an output of said second frequency converting
circuit;

a common wave extracting circuit for extracting a component
present in common in both outputs of said first and secdnd
frequency offset circuits; and

a filter for removing an unnecessary frequency component left
in an output of said common wave extracting circuit.

3. A receiving circuit comprising:
first and second frequency converting circuits for accepting a

received signal obtained through an antenna;
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a local frequency signal generating circuit coupled to said first
and second frequency converting circunits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carmrier frequencies of adjacent upside and
downside channels and further for outputting the upéide frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first frequgncy converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;

first quantizing means for quantizing an output of said first
frequency converting circuit;

second quantizing means for quantizing an output of said
second frequency converting circuit;

a common wave extracting circuit for extracting a component
present in common in both outputs of said first and second
quantizing means;

a frequency offset circuit for removing a frequency offset
remaining in an output of said common wave extracting circuit; and

a filter for removing an unnecessary frequency component left
in an output of said frequency offset circuit.

4. A receiving circuit comprising:

first and second frequency converting circuits for accepting a
received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second frequency converting circuits for generating middle

TT—
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frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first frequency converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;

first quantizing means for quantizing an output of said first
frequency converting circuit;

second quantizing means for quantizing an output of said
second frequency converting circuit;

a first frequency offset circuit for removing a frequency offset
contained in an output of said first quantizing means;

a second frequency offset circuit for removing a frequency
offset contained in an output of said second quantizing means;

a common wave extracting circuit for extracting a component
present in common in both outputs of said first and second
frequency offset circuits; and

a filter for removing an unnecessary frequency component left
in an output of said common wave extracting circuit.

5. A receiving circuit comprising:

first and second quadrature demodulating circuits for
receiving a received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first

and second quadrature demodulating circuits for generating middle
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frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first quadrature demodulating circuit and
for outputting the downside frequency as a conversion frequency
input to said second quadrature demodulating circuit;

a first common wave extracting circuit coupled to said first
and second quadrature demodulating circuits for extracting a
component present in common in both I outputs of said first and
second quadrature demodulating circuits;

a second common wave extracting circuit coupled to said first
and second guadrature demodulating circuits for extracting a
component present in common in both a2 Q output of said first
quadrature demodulating circuit and a Q output of said second
quadrature demodulating circuit reversed in polarity;

a first frequency offset circuit for removing a frequency offset
remaining in said I output extracted through said first common
wave extracting circuit;

a second frequency offset circuit for removing a frequency
offset remaining in said Q output extracted through said second
common wave extracting circuit;

a first filter for removing an unnecessary frequency
component remaining in an output of said first frequency offset

circuit; and

—_—
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a second filter for removing an unnecessary frequency
component remaining in an output of said second frequency offset
circuit.

6. A receiving circuit comprising:

first and second quadrature demodulating circuits for
receiving a received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second quadrature demodulating circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first quadrature demodulating circuit and
for outputting the downside frequency as a conversion frequency
input to said second quadrature demodulating circuit;

first and second frequency offset circuits for removing a
frequency offset contained in common in I outputs and Q outputs of
said first and second quadrature demodulating circuits;

a first common wave extracting circuit for extracting a
component present in common in both said I outputs of said first
and second frequency offset circuits;

a second common wave extracting circuit for extracting a
component present in common in both said Q output of said first
frequency offset circuit and said Q output of said second frequency

offset circuit 61 reversed in polarity; and
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first and second filters for removing unnecessary - frequency
components remaining in outputs of said first and second common
wave extracting circuits. |
7. A receiving circuit comprising:

first and second quadrature demodulating circuits for
receiving a received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second quadrature demodulating circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first quadrature demodulating circuit and
for outputting the downside frequency as a conversion frequency
input to said second quadrature demodulating circuit;

first and second quantizing means for quantizing an I output
and a Q output of said first quadrature demodulating circuit,
respectively;

third and fourth quantizing means for quantizing an I output
and a Q output of said second quadrature demodulating circuit,
respectively;

a first common wave extracting circuit for extracting a
component present in common in said I outputs of said first and

third quantizing means;
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a second common wave extracting circuit for extracting a
component present in common in said Q output of said second
quantizing means and said Q output of said fourth quantizing means
reversed in polarity;

a first frequency offset circuit for removing a frequency offset
remaining in said I output extracted through said first common
wave extracting circuit;

a second frequency offset circuit for removing a frequency
offset remaining in said Q output extracted through said second
common wave extracting circuit;

a first filter for reinoving an unnecessary frequency
component left in an output of said first frequency offset circuit; and

a second filter for removing an unnecessary frequency
component left in an output of said second frequency offset circuit.
8. A receiving circuit comprising:

first and second quadrature demodulating circuits for

receiving a received signal obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second quadrature demodulating circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversionl

frequency input to said first quadrature demodulating circuit and
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for outputting the downside frequency as a conversion frequency

input to said second quadrature demodulating circuit;

| first and second quantizing means for quantizing an I output
and a Q output of said first quadrature demodulating circuit,
respectively;

third and fourth quantizing means for quantizing an I output
and a Q output of said second quadrature demodulating circuit,
respectively;

a frequency offset circuit for removing frequency offsets
remaining in said I outputs and said Q outputs of said first to fourth
quantizing means;

a first common wave extracting circuit for extracting a
component present in common in the I outputs of said frequency
offset circuit;

a second common wave extracting circuit for extracting a
component present in common in the Q output and a polarity-
reversed Q output of said frequency offset circuit;

a first filter for removing an unnecessary frequency
component left in said I output extracted through said first common
wave extracting circuit; and

a second filter for removing an unnecéssary frequency
component left in said Q output of said second common wave
extracting circuit.

9. A receiving circuit as set forth in any one of claimé 3,4, 7 and

8, wherein a correlator for calculating a mutual correction is used in
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place of said common wave extracting circuit, said correlator being
coupled to one of an output of said quantizing means and said
frequency offset circuit.

10. A receiving circuit as set forth in claim 1 or 2, wherein only
said first frequency converting circuit is used for accepting said
received signal, and after a frequency conversion by said first
frequency converting circuit, a frequency-converted output of a side
where no frequency conversion is effected by said first frequency
converting circuit is obtained by another frequency converting
circuit to attain two frequency-converted outputs necessary for the
common wave extraction.

11. A receiving circuit as set forth in claim 3 or 4, further
comprising a digital frequency converting circuit, and wherein only
said first frequency converting circuit is used for accepting said
received signal and only one of said first and second quantizing
means is used for quantization, and after the quantization by said
quantizing means, a frequency-converted output of a side where no
frequency conversion is performed by said first frequency
converting circuit is obtained by said digital frequency converting
circuit to obtain two frequency-converted digital outputs necessary
for the common wave extraction.

12. A receiving circuit as set forth in claim 5 or 6, further
comprising a frequency converting circuit, and wherein only one of
said first and second quadrature demodulating circuits is used for

accepting said received signal, and two outputs of said quadrature
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demodulating circuit are frequency-converted by said frequency
converting circuit to obtain a frequency-converted output of a side
where no quadrature demodulation is made, to obtain two
quadrature-demodulated outputs necessary for the common wave
extraction.

13. A receiving circuit as set forth in claim 7 or 8, further
comprising a digital frequency converting circuit, and wherein only
one of said first and second quadrature demodulating circuits is
used for accepting said received signal and only said second and
third quantizing means are used, and after the quantization by said
quantizing means, two outputs of said quantizing means are
frequency-converted by said digital frequency converting circuit to
obtain a frequency-converted output of a side no quadrature
demodulation is effected, to obtain two quadrature-modulated
outputs necessary for the common wave extraction.

14. A receiving circuit comprising:

first and second frequency converting circuits for accepting a
received signal. obtained through an antenna;

a local frequency signal generating circuit coupled to said first
and second frequency converting circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion

frequency input to said first frequency converting circuit and for
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outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;

first and second integrating circuits, serving additionally as
low-pass filters, for receiving outputs of said firsi and second
frequency converting circuits through input lines;

first and second buffer amplifiers for receiving outputs of said
first and second integrating circuits;

first and second transformers having the same construction
and having primary coils whose one ends accepts outputs of said
first and second buffer amplifiers, the other ends of said primary
coils of said first and second transformers being grounded in the
form of alternating currents, and secondary coils of said first' and
second transformers being coupled in parallel to each other in
accordance with polarities of said primary coils and one ends of said
secondary coils equal in polarity to said primary coils is used as an
output terminal while the other ends of said secondary coils are
grounded;

a third buffer amplifier for accepting an output from said first
and second transformers;

a frequency offset circuit for removing a frequency offset
remaining in an output of said third buffer amplifier; and

a filter for removing an unnecessary frequency component
remaining in an output of said frequency offset.

15. A receiving circuit comprising:
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first and second frequency converting circuits for accepting a
received signal obtained through an antehna;

a local frequency signal generating circuit coupled to said first
and second frequency converting circuits for generating middle
frequencies between a radio carrier frequency of said received
signal and 'radio carrier frequencies of adjacent upside and
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
frequency input to said first frequency converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;

first and second differential amplifiers for accepting outputs of
said first and second frequency converting circuits through input
lines;

first and second integrating circuits, serving additionally as
low-pass filters, for correspondingly accepting outputs of said first
and second differential amplifiers;

first and second buffer amplifiers for supplying outputs of
said first and second integrating circuits;

means for making a feedback from an output side of each of
said first and second buffer amplifiers to a negative input side
thereof;

first and second transformers having the same construction
and having primary coils whose one ends accepts outputs of said

first and second buffer amplifiers, the other ends of said primary

——
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coils of said first and second transformers being at least grounded in
the form of alternating currents, and secondary coils of said first
and second transformers being coupled in parallel to each other in
accordance with polarities of said primary coils and one ends of said
secondary coils equal in polarity to said primary coils is used as an
output terminal while the other ends of said secondary coils are at
least grounded .in the form of alternating currents;

a third buffer amplifier for accepting outputs of said first and
second transformers;

means for comparing an output of said third buffer amplifier
with an average of the output of said first frequency converting
circuit and the output of said second frequency converting circuit to
correct the outputs of said first and second frequency converting
circuits;

means for causing an output of said third buffer amplifier to
be feedbacked to one of said first and second frequency converting
circuits to correct a difference between the outputs of said first and
second frequency converting circuits;

a frequency offset circuit for removing a frequency offset
remaining in said output of said third buffer amplifier; and

a filter for removing an unnecessary frequency component
remaining in an output of said frequency offset circuit.
16. A receiving circuit as set forth in claim 14, wherein said one
end of said secondary coil different in polarity from said primary

coil is connected with said third buffer amplifier in place of said end
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end of said secondary coil equal in polarity to said primary coil
being connected therewith.
17. A recetving circuit as set forth in claim 15, wherein said one
end of said secondary coil different in polarity from said primary
coil is connected with said third buffer amplifier in place of said end
end of said secondary coil equal in polarity to said primary coil
being connected therewith.
18. A receiving circuit as set forth in any one of claims 1 to 13,
further comprising local frequency generating means coupled to said
frequency offset circuit, said local frequency generating means
including:
a first frequency signal source for generating a signal with a
frequency equal to a carrier frequency of a desired receiving signal;
first means for accepting a signal from said first frequency
signal source to phase-shift the accepted signal by a phase amount
of n/2 with respect to a frequency of the accepted signal;

a second frequency signal source for generating a signal with a

frequency equal to 1/2 of a frequency channel spacing;

second means for accepting a signal from said second
frequency signal source to phase-shift a frequency of the accepted
signal by a phase amount of n/2;

a first quadrature modulator comprising a multiplier for
receiving the two signals from said first and second frequency signal
sources and a multiplier for receiving two signals from said first and

second phase-shifting means; and
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a second quadrature modulator comprising two multipliers for
receiving one of the two signals from said first and second
frequency signal sources through said phase-shifting means.

19. A receiving circuit as set forth in any one of claims 1 to 13,
further comprising local frequency generating means coupled to said
frequency offset circuit, said local frequency generating means
including:

a first frequency signal source for generating a frequency
signal equal to a carrier frequency of a desired receiving signal;

first means for accepting a signal from said first frequency
signal source to phase-shift the accepted signal by a phase amount
of n/2 with respect to a frequency of the accepted signal;

a second frequency signal source for generating a frequency
signal equal to 1/2 of a frequency channel spacing;

second means for accepting a signal from said second
frequency signal source to phase-shift a frequency of the accepted
signal by a phase amount of =n/2;

multipliers for receiving the two signals from said first and
second frequency signal sources; and

means for inverting the polarity of an output of one of said
multipliers to add the polarity-inverted output to an output of the
other multiplier.

20. A receiving circuit as set forth in any one of claims 1 to 13,

further comprising local frequency generating means coupled to said
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frequency offset circuit, said local frequency generating means
including:

a frequency signal source for generating a frequency signal
equal to a carrier frequency of a desired receiving signal;

means for accepting a signal from said frequency signal source
to phase-shift the accepted signal by a phase amount of n/2 with
respect to a frequency of the accepted signal;

a quadrature modulator comprising two multipliers for
accepting a frequency signal from said frequency signal source
through said phase shifting means; and

means for inverting the polarity of an output of one of said
two multipliers and for adding the polarity-inverted output to an
output of the other multiplier.

21. A receiving circuit as set forth in any one of claims 1 to 13,
comprising:

means for analog-to-digital-converting first and second
received signals obtained through one of said frequency converting
circuits and said quadrature demodulating circuits;

first and second Fourier transformers for accepting digital
outputs of said analog-to-digital converting means, respectively;

a correlator for accepting outputs of said first and second
Fourier transformers at every frequency component;

a weighting function device for accepting an output of said

correlator;



10

15

20

-166-

/ /lI/II////I//lII////I/I// ]

a weighting value multiplier for accepting an output of said
weighting function device;

an adder for accepting said outputs of said first and second
Fourier transformers;

means for inputting an addition result of said adder to said
multiplier; and

an inverse Fourier transformer for accepting an output of said
weighting value multiplier,

wherein an inverse Fourier transformed output of said inverse
Fourier transformer is used as a desired wave extraction result.

22. A receiving circuit comprising:

received signal inputting means for receiving a received signal
from an antenna;

a quadrature demodulator for carrying out a frequency
converting process of said received signal from said received signal
inputting means to obtain two output signals different in phase;

first and second analog-to-digital converters for accepting one
output signal of said quadrature demodulator to convert its analog
signal into a digital signal;

a sampling clock generator for generating a clock with a
frequency which is more than two times a frequency corresponding
to a bandwidth of said received signal;

a delay circuit for delaying a pulse train from said sampling

clock generator to produce a delayed pulse train;
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third and fourth analog-to-digital converters for accepting the
other output signal of said quadrature demodulator to convert its
analog signal into a digital signal;

means for providing said pulse train from said sampling clock
generator and said delayed pulse train as an sampling pulse for said
first to fourth analog-to-digital converters; and

means for extracting a quadrature component of a desired
receiving channel signal from digital output data of said first to
fourth analog-to-digital converters.

23. A receiving circuit comprising:

received signal inputting means for receiving a received signal
from an antenna;

a quadrature demodulator for carrying out a frequency
converting process of said received signal from said received signal
inputting means to obtain two output signals different in phase;

first and second analog-to-digital converters for accepting one
output signal of said quadrature demodulator to convert its analog
signal into a digital signal;

a sampling clock generator for generating a clock with a
frequency higher than a frcquenéy corresponding to a bandwidth of
said received signal;

a delay circuit for delaying a pulse train from said sampling

clock generator to produce a delayed pulse train;
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third and fourth analog-to-digital converters for accepting the
other output signal of said quadrature demodulator to convert its
analog signal into a digital signal;

means for providing said pulse train from said sampling clock
generator and said delayed pulse train as an sampling pulse for said
first to fourth analog-to-digital converters; and

means for extracting a quadrature component of a desired
receiving channel signal from digital output data of said first to
fourth analog-to-digital converters,

wherein a delay time of said delay circuit is set to a time other
than a phase difference corresponding to n with respect to a
frequency of said desired channel signal.
24. A receiving circuit as set forth in claim 22, wherein a delay
time of said delay circuit is set to a phase difference comesponding
to n/2 with respect to a frequency of said desired channel signal.
25. A receiving circuit comprising:

received signal inputting means for receiving a received signal
from an antenna;

first and second analog-to-digital converters for accepting said
received signal to convert said received signal into a digital signal;

a sampling clock generator for supplying, to said first and
second analog-to-digital converters, a clock with a frequency higher
than a frequency corresponding to a bandwidth of said received

signal;
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an adding circuit for adding a delayed pulse train to a pulse
train from said sampling clock generator;

means for providing said pulse train from said sampling clock
generator and said delayed pulse train as an sampling pulse for said
first and second analog-to-digital converters; and

means for extracting a desired receiving channel signal from
digital output data of said first and second analog-to-digital
converters.
26. A rec.eiving circuit as set forth in claim 25, wherein a delay
time of said delayed pulse train adding circuit is set to a phase
difference time corresponding to =/2 with respect to a frequency of
said desired channel signal.
27. A receiving circuit as set forth in claim 25, wherein means is
provided to generate a plurality of delayed pulse trains, and a delay
time of said delayed pulse train is particularly set to a time other
than a phase difference corresponding to m with respect to a
frequency of said desired channel signal.
28. A receiving circuit comprising:

received signal inputting means for receiving a received signal
from an antenna;

an analog-to-digital converter for accepting said received
signal to convert said received signal into a digital signal;

a sampling clock generator for generating, to said analog-to-
digital converter, a clock with a frequency higher than a frequency

corresponding to a bandwidth of said received signal;
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an adding circuit for adding a delayed pulse train to a pulse
train from said sampling clock generator;

means for providing said pulse train from said sampling clock
generator and said delayed pulse train as an sampling pulse for said
analog-to-digital converter; and

means for extracting a desired receiving channel signal from
digital output data of said analog-to-digital converter.

29. A receiving circuit comprising:

a plurality of received signal inputting means for accepting
received signals from a plurality of antennas, respectively;

first and second frequency converting means for accepting
said received signals;

a local oscillator for supplying, to said first and second
frequency converting means, an output at a frequency produced by
frequency-offsetting a desired carrier frequency by 1/2 of a
channel spacing frequency;

first and second analog-to-digital converters for accepting
signals from said first and second frequency converting means,
respectively;

a sampling clock generator for supplying, to said analog-to-
digital converters, a clock with a frequency higher than a frequency
corresponding to a bandwidth of said received signal;

an adding circuit for adding a delayed pulse train to a pulse

train from said sampling clock generator;
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means for providing said pulse train from said sampling clock
generator and said delayed pulse train as an sampling pulse- for said
first and second analog-to-digital converters; and

means for extracting a desired receiving channel signal from
digital output data of said first and second analog-to-digital
converters.
30. A receiving circuit as set forth in claim 29, wherein said local
oscillator for providing said output to said first and second
frequency converting means is provided independently so that local
oscillation frequencies are frequencies produced by carrying out
positive and negative frequency offsets by 1/2 of a channel spacing
frequency with respect to said desired carrier frequency.
31. A receiving circuit as set forth in claim 29, wherein the two
received signals of said plurality of receives signals are supplied to
said first and second analog-to-digital converters without being
frequency-converted, and said first and second analog-to-digital
converters are made to have a frequency converting function.
32. A receiving circuit comprising:

received signal inputting means for accepting a received signal
from an antenna;

a quadrature demodulator for performing a frequency
converting process of said received signal from said received signal

inputting means to obtain two output signals different in phase;
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a first analog-to-digital converter for accepting one output
signal of said quadrature demodulator to convert its analog signal
into a digital signal;

a second analog-to-digital converter for accepting the other
output signal of said quadrature demodulator to convert its analog
signal into a digital signal;

a sampling clock generator for supplying, to said first and
second analog-to-digital converters, a clock with a frequency higher
than a frequency corresponding to a bandwidth of said received
signal;

a delay circuit for delaying a pulse train from said sampling
clock generator to produce a delayed pulse train;

means for supplying said pulse train from said sampling clock
generator and said delayed pulse train as sampling pulses for said
first and second analog-to-digital converters; and

means for extracting a quadrature component of a desired
receiving channel signal from digital output data of said first and
second analog-to-digital converter.

33. A receiving circuit comprising:

received signal inputting means for accepting a received signal
from an antenna;

a quadrature demodulator for performing a frequency
converting process of said received signal from said received signal

inputting means to obtain two output signals different in phase;
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a first analog-to-digital converter for accepting one output
signal of said quadrature demodulator to convert its analog signal
into a digital signal;

a second analog-to-digital converter for accepting the other
output signal of said quadrature demodulator to convert its analog
signal into a digital signal;

a sampling clock generator for supplying, to said first and
second analog-to-digital converters, a clock with a frequency higher
than a frequency corresponding to a bandwidth of said received
signal;

a delay circuit for delaying a pulse train from said sampling
clock generator to produce a delayed pulse train;

means for supplying said pulse train from said sampling clock
generator and said delayed pulse train as sampling pulses for said
first and second analog-to-digital converters; and

means for extracting a quadrature component of a desired
receiving channel signal from digital output data of said first and
second analog-to-digital converter,

wherein a delay time of said delay circuit is set to a time other
than a phase difference corresponding to m with respect to a
frequency of said desired channel signal.

34. A receiving circuit as set forth in claim 32, wherein a delay
time of said delay circuit is set to a phase difference corresponding

to m/2 with respect to a frequency of said desired channel signal.



