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METHOD OF COMBING RECEIVED SIGNAL OF DIVERSITY TYPE RADIO
DEVICE AND DIVERSITY TYPE RADIO DEVICE

BACKGROUND OF THE INVENTION

The present invention réla.t:es to a method of combing a
recelved signal of z diversity typs radio device and, more
particularly, to the method of combing a xeceived signal by
delay detecting a received signal of a PSK modulation wave and
combines the detected received signal by a maximum ratio
cembination method (RAKE combination).

The conventional diversity type radio device as described
above is used in, for example, a base station of a PHS system,
a construction of which is shown in Fig. 3. Fig. 3 is a block
diagram of the conventional art. This conventional art is of
a space diversity type having two antennas set apart at a
predetenp_ned dis tance. Each 2-branch réception tireyit phase
=detacts a r..-ece.ived signal of a PSK (or QPSK) modulation wave
.by a delay detection method and then weights the 2-branch
detectlion ocutput with a received amplitude level fox vactor
combines with the RAKE combination.

Referring to Fig. 3, a received signal input to antennas 31
and 41 passes through BPFs (Band Pass Filter) 32 and 42,
amplifiers at a high freqguency with incxreased width 33 and 43,
and BPFFs 34 and 44. Each sigmal is mixed at an output frequency
of a local oscillator OSC 50 by mixers 35 and 45 at a first
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stage, ruspectively. The mixed signal passes through BPFs 36
and 46, IF amplifiers 37 and 47 through which the signal ig
mixed down into a primaxy intémedia.te frequency. The signal
- s further mixed at an output frequency of an 0SC 51 by mixers
38 and 48 at a second stage, respectively and mixed down into
a gecondary intermediate frequency, which is input to phase
| @etection sections 39 and 49. The mixers 38 and 48 deteqt a
level amplitude value of the received sigmal and cutput
amplitude signals 101 and 102. .

The phase-detection sections 39 and 49 phase -detect the
received signal. The detection output reprasents an
instantaneous phase amount of each symbol as each phase output
of the QPSR received signal, i.e., an absolute value of the
phasa amount.

Bach of the detection outputs is input to & combination
Process section 52{‘ ﬁhere the amplitude sighals 101 and 102 of
the raspective received signals are operated as weighting
. factors and vector synthesized, which is output as a
combination signal, The combination .signal is demodulated into
a received data signal in a demodulation section 53.

The conventional method combies the wave detection outputs
that have been phase detected. As the detection output
represents the absolute value of the phase amount, the
respective delay amounts of each group of the element of the

reception circuit, BPFs 32 and 42, high fr_e_m_l_eg_g!____?JF!EE:%:?_E.efE_
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33 and 43 and the like axe added to the absolute value. The
aforementioned delay amount varies dependent on the respeét-:ive
elements. This may causle the phase difference in the detectian
output between two recaived signals, resulting in deteriorated
combination output characteristics. The level of such
deterioration also disperses dependent: on the product, leading
to inconsistent quality, . B
' SUMMARY OF THE INVENTION

an obj'ec:tive of the present invention is achieved by a method
of combing a received sigmal of the diverszity type radio device
of the present invention phase-detects each received sigual
of pluxal PSK modulation wave received by plural antennas
through a delay detection method at a symbol of a phase signal
fomir_:zg the each recaeived signal and weights a phase wave
detec-tion output at each symbol with an amplitude level of the
received signal for vector combination. In this method, the
vector c:ombinatior; is executed by converting the phase-
~detection output into a phase difference detection output
indicating aphase éifference betwaen the symbols for weighting
with the amplitude level.

The phasa differeuce detection output can be cbtained using
the method for latching the phase~detection output at a clock
frequency twice a frequency of a symbol clock extracted from
the recaived signal and syncﬁronized with the symbol, shifting
tha latch output with the symbeol clock and summing the shift
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output and the latch output.
BRIEF DRSCRIPTION OF THE DRAWINGS

This and other objects. features and advantages of the
present invention will become more apparént; upon a reading of
the following detailed description and drawings. in whieh:

Fig. 1l is ablock diagram showing an embodiment of the present
invention: . . _

Pig. 2 is a block diagram of a phase differenca detection
section shown in Fig. 1; and

Fig. 3 is a block 'diagram of a conventional art.

 DESCRIPTION OF THE EMBODIMENTS
| The present invention will be described with reference to
the accompanying drawings.

An embodiment of the present invention is described referring
to the drawings. Fig. 1 is a block diagram showing an embodiment
of the prasent invention. This embodiment is formed gs a space
diversity type hav-.;:.ng two antennas set apart at a predetermined
distance. 2-branch reception circuit phase-detects a QPSK
modulationwave through a delay datection method, respectively.
The 2-branch received signals are combine through é maacimum
ratio combination method(RAKE combination).

Referxring to Fig. 1, each received signal input to antennas
1 and 11 passes through BPFs (Band Pass Filtexr) 2 and 12,
anmplifiers at a high frequency with increased width 3 and 13

and EPFs 4 and 14, then is mixed at an output frequency of a

is Sheet Has Been Replaced

T




local oscillator OSC 21 by mixers S and 15 at a first stage,
respectively and further passes through BPFs 6 and 186 ﬁnd 1F
amplifiers 7 and 17 to be mixed down inte a primary intermediate
frequency. The signal is mixed at an output frequency of an
0SC 22 by mixers 8 and 18 at a second stage, respectively to
be mixed down into a secondary intermediate frequency, which
is input to phase wave detection sections 9 and 19. Each of
the mixers 8 and 18 detects a level amplitude value of 'l';he
raceived sigmal and outputs amplitude signals 101 and 102,
respectively.

The phase-detection sections 9 and 19 phase-detect the
received signal. The resultant detection output yrepresents the
instantaneous phase amount of each symbol as sach phase output
of the QPSK received sigmal, i.e., the absolute value of the
phase amount. |

The detaction outputs 103 and 104 are input to rihase'
difference detecti.on sections 10 and 20, respectively for
. detectingh a phase difference detection output indicating the
pPhase amount difference between cne symbol and another.

Each of the detection outputs 105 and 106 is input to a
combination process section 23 where the amplitude signals 101
and 102 of each received sigpal are operated as weighting
factors and vector combined for outputting as a combination
signal. The combination signal 'is demodulated into a

transmisslion data signal in a demodulation section-24. . . .
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Referring to Fig. 2, each operation of the phase diffexence
detection sections 10 and 20 is described (likewise exécuted
in the phase difference detection section 20). 2n input
phase-detaction output 103 is latched at a clock twice a symbol
clock 107 in a latch section 201 and output to a shift register
203 and a full adder 202. The shift register 203 shifts the
phase-detection output at each symbol c¢lock, which is output
to the full adder 202 again. The full addex 202 sums two signals
{offset) to obtain the difference data of the phase-detection
cutput. At this time ‘the shift register 203 outputs at the
symbol clock. Accordingly the full adder 202 outputs aJphase
diffexence detection gutput 105 between one symbol and another.
The s&mbol clock 107 is extracted at the demodulation section
24. |

As described above, in themethod of combing a received signal
of a diversity type radio device of the present invention, a
relative value (pl;a'se difference) is used as the phase amount
., of the phase-detection output intended for combing instead of
using. the absoclute value so as not to be influenced by delays
of the respective element groups that form the reception
circuit. As a result, the combination output characteristics
hardly disperses, thus assuring the consistent product
quality. _

The entire disclosure of Japanese Patent Application Nb.

8-225106 f£iled on August 27, 1996 including___s_gggi__f_@,g_a}t;_iqg_!_
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claims, drawing and summarxy are incorporated herein by

reference in its entirety.
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What is claimed is:
1 A method of bombing a received signal of a diversity type
radio device in which each r_eceived gignal of plural PSX
modulation waves received by plural antennas is phase-detectad
at a synhol of a phase signal fotming said each received signal
through a delay detection method and a phasa-~detection output _
at a symbol isweighted with an amplitude level of said received
signal for vector combination, characterized in that said
vector combination is exccuted by ccnveriing said phase wave
detection output int'o. a phage difference wave detection cutput
indicating a phase difference between said symbols for
weighting with sald amplitude level.
2 The method of combing a received signal of a diversity type
radio device of claim 1, wherein said phase difference
detection out-;put is obtained by latching said phase detection
output extracted from said received signal at a clock fzeque.ncy _
twice a frequency of a symbol clock synchronized with said
symbol, shifting said latech cutput with said sysmbel clock and
summing said shift output apnd said latch output.
3 A method of combing a received signal of a .diversity type
radio device comprising the steps of:
generating a phase-detection output at a symbol by
phase~detecting each received signal of plural PSK
modulation waves received by plural antennas through a

delay detaction at a symbol of a phase Si_??ﬁ_l_-_._.f_‘iﬂ.jtﬂﬁfﬁié
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each received signal;

converting said phase-detection output at said each symbol
into a phase difference detection output indicating a
phase differenca between said symbols; and

weighting said phase difference wave detection cutputs with

an amplitude level for combination.

4 The méthod of combing & received signal of a diversity type

radlo device of c¢claim 3, wherein said step of converting into

said phasa difference detection cutput further comprises the

stepé of:

LT - AN

extracting a phase-datection oﬁtput from a received signal
and latching said phase-dat.ection output ak a cleck
fraquency twice a frequency of a symbol clock
synchronized with a symbol;

shifting said latched phase-detection output with said
symbol clock; and -

generating a pﬁase difflerance detaction output by summing
said latched phase-detection output and said phase-
detoction output shifted with said symbol clock.

A diversilty type radio device cuiuprising: )

plural units of phase-detection means provided for a
raceived signal and for phase-detaecting a recelved sj.g'nal
of a PSK modulation received by an antenna through a delay
detection at a symbol of a phase signal forming sald each
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plural units of phase difference detection means provided
corresponding to said phase-detection means and for
generating a phaseé difference detecticn output
inéicating a phase difference between said symbols by
detecting a phasge differénce of said phase-detection
outputs betwaaen sald symbols based on a phase~detection
output of said phase wave detection means; and
combing means for weighting cach phase difference detection
output with an amplitude level and combing said weighted
phase difference detection cutputs.
6 The diversity type ra.dio device of 5, wherein said phase
difference detection means further comprises:
latch means for latching a phase~detection cutput at a clock
frequency twice a frequency of a symbol clock
synchronized with a symbol;
a shift register for shifting aphase-datection oul:_put being
output from éaid latch means with said symbol clock; and
means for generating a phase difference datection output
by calculating a difference between a phase-decection
output being output from said latch means and a
phase-detection output being output from said shift
register, .
7 A diversity type radio device comprising:
plural units of phase-detection means provided for a
recelved signal and for generatina a phase-deatection
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output by phase-detecting a received signal of a PBPSK
modulation received by an antenna through a delay
detection at a symbol of a phase signal foxrming said each
received s:.gnal _

plural units of latch means provided cozxresponding to said
pi:ase-datection means and for latching said phase-
detection output at a clock frequency twice a frecquency
of a symbol clock synchronized with a synbol;

plural shift registers provided corresponding to said latch
means and for shifting a phase-detection output being
output f.r.‘om said latch means with said symbol clock;

plural units of difference calculation means provided
corresponding to said latch means and said shift reé'ister
and. for outputting a phase difference wave detection
output by calculating a difference between a .pha.sa-
detection output being output from said latch means and
a phase-dete.c‘:t:ion output being ocutput from said shift
register; and

combing means for weighting said each phase difference
detection output with an applitude level and combing said

welghted phase difference detection ocutputs.
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12
METHOD OF COMBING RECEIVED SIGNAL OF DIVERSITY TYPE
RADIO DEVICE AND DIVERSITY TYPE RADIO DEVICE

ABSTRACY

Detection outputs 103 and 104 of phase-detection sections
9 and 19 of two reception circuits are input to phase difference
detection gsections 10 and 20, respectively. A detection output
103 indic¢ating an instantaneous phasa amount of each symbol
as each phase output of a OPSK received signal is converted
into phase difference detection outputs 105 and 106 each
indicating a difference between the respective symbols. The
output is input to a combination process section 23 where
ainplitude signals 101 and 102 are operated as weighting factors

and vector combination so as to obtain a combination signal.

Fig. 1
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METHOD OF COMBING RECEIVED SIGNAL OF DIVERSITY TYPE RADIO

DEVICE AND DIVERSITY TYPE RADIO DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a method of combing a
received signal of a diversity type radio device and, more
particularly, to the method of combing a receiired signal by
delay detecting a received signal of a PSK modulation wave and
combines the detected received signal by a maximum ratio
combination method(RAKE combination) .

The conventional diversity type rad,_ip device as described
above is used in, for example, a base station of a PHS system,
a construction of which is shown in Fig. 3. Fig. 3 is a block
diagram of the conventional art. This conventional art is of
a space diversity type having two antennas set apart at a
predetermined distance. Each 2-branch reception circuit phase
-detects a received signal of a PSK (or QPSK} modulation wave
by a delay detection method and then weights the 2-branch

detection output with a received amplitude level for vector

‘combines with the RAKE combination.

Referring to Fig. 3, a received signal input to antennas 31
and 41 passes through BPFs (Band Pass Filter) 32 and 42,
amplifiers at a high frequency with increased width 33 and 43,
and BPFs 34 and 44. Each signai is mixed at an output frequency

of a local oscillator OSC 50 by mixers 35 and 45 at a first
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stage, respectively. The mixed signal passes through BPFs 36
and 46, IF amplifiers 37 and 47 through which the signal is
mixed down into a primary intermediate frequency. The signal
is further mixed at an output frequency of an 0OSC 51 by mixers
38 and 48 at a second stage, respectively and mixéd down into
a secondary intermediate frequency, which is input to phase
detection sections 39 and 49. The mixers 38 and 48 detect a
level amplitude value of the received signal and output
amplitude signals 101 and 102.

The phase-detection sections 39 and 49 phase -detect the
received signal. The detection output represents an
instantaneous phase amount of each symbol as each phase output
of the QPSK received signal, i.e., an absolute value of the
phase amount.

Each of the detection outputs is input to a combination
process section 52 where the amplitude signals 101 and 102 of
the respective received signals are operated as weighting
factors and vector synthesized, which is output as a
combination signal. The combination signal is demodulated into
a received data signal in a demodulation section 53.

The conventional method combies the wave detection outputs
that have been phase detected. As the detection output
represents the absolute value of the phase amount, the
respective delay amounts of each group of the element of the

reception circuit, BPFs 32 and 42, high frequency amplifiers
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33 and 43 and the like are added to the absolute value. The
aforementioned delay amount varies dependent on the respective
elements. This may cause the phase difference in the detection
output between two received signals, resulting in deteriorated
combination output characteristics. The level of such
deterioration also disperses dependent on the product, leading
to inconsistent quality.
SUMMARY OF THE INVENTION

An objective of the present invention is achieved by a method
of combing a received signal of the diversity type radio device
of the present invention phase-detects each received signal
of plural PSK modulation wave received by plural antennas
through a delay detection method at a symbol of a phase signal
forming the each received signal and weights a phase wave
detection output at each symbol with an amplitude level of the
received signal for vector combination. In this method, the
vector combination is executed by converting the phase-
detection output into a phase difference detection output
indicating a phase difference between the symbols for weighting
with the amplitude level.

The phase difference detection output can be obtained using
the method for latching the phase-detection output at a clock
frequency twice a frequency of a symbol clock extracted from
the received signal and synchrbnized with the symbol, shifting -

the latch output with the symbol clock and summing the shift
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output and the latch output.
BRIEF DESCRIPTION OF THE DRAWINGS

This and other objects, features and advantages of the
present invention will become more apparent upon a reading of
the following detailed description and drawings, in which:

Fig. 1 is a block diagram showing an embodiment of the present
invention; |

Fig. 2 is a block diagram of a phase difference detection
section shown in Fig. 1; and

Fig. 3 is a block diagram of a conventional art.

DESCRIPTION OF THE EMBODIMENTS

The,present invention will be described with reference to
the accompanying dréwihgs.

An embodiment of the present invention is described referring
to the drawings. Fig. 1 is a block diagram showing an embodiment
of the present invention. This embodiment is formed as a space
diversity tvpe having two antennas set apart at a predetermined
distance. 2-branch reception circuit phase-detects a QPSK
modulation wave through a delay detection method, respectively.
. The 2-branch received signals are combine throﬁgh a maximum
ratio combination method (RAKE combination).

Referring to Fig. 1, each received signal input to antennas
1 and 11 passes through BPFs (Band Pass Filter) 2 and 12,
amplifiers at a high frequency with increased width 3 and 13

and BPFs 4 and 14, then is mixed at an output fregquency of a
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local oscillator OSC 21 by mixers 5 and 15 at.a figgt stage,
respectively and further passes through BPFs 6 and 16 and IF
amplifiers 7 and 17 to be mixed down into a primary intermediate
frequency. The signal is mixed at an output frequency of an
0OSC 22 by mixers 8 and 18 at a second stage, respectively to
be mixed down into a secondary intermediate frequency, which
is input to phase wave detection sections 9 and 19. Each of
the mixers 8 and 18 detects a level amplitude value of the
received signal and outputs amplitude signals 101 and 102,
respectively.

The phase-detection sections 9 and 19 phase-detect the
recelived signal. The resultant detection output represents the
instantaneous phase amount of each symbol as each phase output
of the OPSK received signal, i.e., the absolute value of the
phase amount.

The detection outputs 103 and 104 are input to phase
difference detection sections 10 and 20, respectively for
detecting a phase difference detection output indicating the
phase amount difference between one symbol and another.

Each of the detection outputs 105 and 106 ié input to a
combination process section 23 where the amplitude signals 101
and 102 of each received signal are operated as weighting
factors and vector combined for outputting as a combination
signal. The combination signél is demodulated into a

transmission data signal in a demodulation section 24.
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Referring to Fig. 2, each operation of the phase difference
detection sections 10 and 20 is described (likewise executed
in the phase difference detection section 20). An input
phase-detection output 103 is latched at a clock twice a symbol
clock 107 in a latch section 201 and output to a shift register
203 and a full adder 202. The shift register 203 shifts the
phase-detection output at each symbol clock, whic.;h is.output
to the full adder 202 again. The full adder 202 sums two signals
(offset) to obtain the difference data of the phase-detection
output. At this time the shift register 203 outputs at the
symbol clock. Accordingly the full adder 202 OutpL'].tS a phase
difference detection output 105 between one symbol and another.
The symbol clock 107 is extracted at the demodulation section
24.

As described above, in themethod of combing a received signal
of a diversity type radio device of the present invention, a
relative value (phase difference) is used as the phase amount
of the phase-detection output intended for combing instead of
using the absolute value so as not to be influenced by delays

-of the respective element groups that form thé reception
circuit. As a result, the combination output characteristics
hardly disperses, thus assuring the consistent product
quality.

The entire disclosure of Japanese Patent Application No.

8-225106 filed on August 27, 1996 including specification,
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claims, drawing and summary are incorporated herein by

reference in its entirety.

This Sheet Has Been Replaced }

(i




What is claimed is:
1 A method of combing a received signal of a diversity type
radio device in which each received signal of plural PSK
modulation waves received by plural antennas is phase-detected
at a symbol of a phasé signal forming said each received signal
through a delay detection method and a phase-detection output
at a symbol is weighted with an amplitude level of said received
signal for vector combination, characterized in that said’
vector combination is executed by converting said phase wave
detection output into a phase difference wave detection output
indicating a phase difference between said symbols for_
weighting with said amplitude level.
2 The method of combing a received signal of a diversity type
radio device of claim 1, wherein said phase difference
detection output is obtained by latching said phase detection
output extracted from said received signal at a clock frequency
twice a frequency of a symbol clock synchronized with said
symbol, shifting said latch output with said symbol clock and
summing said shift output and said latch output.
3 A method of combing a received signal of a diversity type
radio device comprising the steps of:
generating a phase-detection output at a symbol by
phase-detecting each received signal of plural PSK
modulation waves received by plural antennas through a

delay detection at a symbol of a phase signal forming said
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each received signal;

converting said phase-detection output at said each symbo
into a phase difference detection output indicating a
phase difference between said symbols; and
weighting said phase difference wave detection outputs with
an amplitude level for combination.
4 The method of combing a received signal of a diversity type
radio device of claim 3, wherein said step of converting into
said phase difference detection output further comprises the
steps of:
extracting a phase-detection output from a received signal
and latching said phase-detection output at a clock
frequency twice a frequency of a symbol clock
synchronized with a symbol;
shifting said latched phase-detection output with said
symbol clock; and
generating a phase difference detection output by summing
said latched phase-detection output and said phase-
detection output shifted with said symbol clock.
5 A diversity type radio device comprising:
plural units of phase—détection means provided for a
received signal and for phase-detecting a received signal
of a PSKmodulation received by an antenna through a delay
detection at a symbol of a phase signal forming said each

received signal;
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plural units of phase difference detection means bfﬁvided
corresponding to said phase-detection means and for
generating a phase difference detection output
indicating a phase difference between said symbols by
detecting a phase difference of said phase-detection
outputs between said symbols based on a phase-detection
output of said phase wave detection means; and
combing means for weighting each phase difference detection
output with an amplitude level and combing said weighted
phase difference detection outputs.
6 The diversity type radio device of 5, wherein said phase
difference detection means further comprises:
latch means for latching a phase-detection output at a clock
frequency twice a frequency of a symbol clock
synchronized with a symbol;
a shift register for shifting a phase-detection output being
output from said latch means with said symbol clock; and
means for generating a phase difference detection output
by calculating a difference between a phase-detection
output being output from said latch means and a
phase-detection output being output from said shift
register.
7 A diversity type radio device comprising:
plural units of phase-detection means provided for a

received signal and for generating a phase-detection
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output by phase-detecting a received signal of a PSK
modulation received by an antenna through a delay
detection at a symbol of a phase signal forming said each
received signal;

plural units of latch means provided corresponding to said
phase-detection means and for latching said phase-
detection output at a clock frequency twice é frequency
of a symbol clock synchronized with a symbol;

plural shift registers provided corresponding to said latch
means and for shifting a phase-detection output being
output from said latch means with said symbol clock;

plural units of difference calculation means provided
corresponding to said latch means and said shift register
and for outputting a phase difference wave detection
output by calculating a difference between a phase-
detection output being ocutput from said latch means and
a phase-detection output being output from said shift
register; and

combing means for weighting said each phase difference
detection output with an amplitude level and combing said

weighted phase difference detection outputs.

I i



REPLACEMENT SHEET

17 ROV 1997
METHOD OF COMBING RECEIVED SIGNAL OF DIVERSITY TYPE-RABIO

12

DEVICE AND DIVERSITY TYPE RADIO DEVICE

ABSTRACT

Detection outputs 103 and 104 of phase-detection sections
9 and 19 of two reception circuits are input to phase difference
detection sections 10 and 20, respectively. A detection output
103 indicating an instantaneous phase amount of each symbol
as each phase output o0f a QPSK received signal is converted
into phase difference detection outputs 105 and.lOG each
indicating a difference between the respective symbols. The
output is input to a combination process section 23 where
amplitude signals 101 and 102 are operated as weighting factors

and vector combination so as to obtain a combination signal.

Fig. 1
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33 and 43 and the like are added to the absolute value. The aforementioncd delay
amount varies dependent on the respective elements. This may causc the phase
difference in the detection output between two received signals, resulting in
deteriorated combination output characteristics. The level of such deterioration also

disperses dependent on the product, leading to inconsistent quality.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, there is disclosed a method of
combing a received signal of the diversity type radio device of the present invention
phase-detects each received signal of plural PSK modulation wavc received by plural
antennas through a delay detection method at a symbol of a phase signal forming the
each received signal and weights a phase wave detection output at cach symbol with
an amplitude level of the received signal for vector combination. In this method, the
vector combination is cxecuted by converting the phase-detection output into a phase
dilference detection output indicating a phase difference between the symbols for
weighting with the amplitude level. The phase difference detection output can be
obtained using the method for latching the phase-detection output at a clock frequency

- twice a frequency of a symbol clock extracted from the received signal and
synchronized with the symbol, shifting the latch output with the symbol clock and
summing the shift output and the latch output.

In accordance with a second aspect of the invention, there is disclosed a
method of combing a received signal of a diversity type radio device comprising the
steps of:

generating a phase-detection output at a symbol by phase-detecting each
received signal of plural PSK modulation waves received by plural antennas through a
delay detection at a symbol of a phase signal forming the each received signal;

converting the phase-detection output at the cach symbo] into a ;;hase
differcnce detection output indicating a phase diffcrence between the symbols: and

weighting the phase difference wave detection outputs with an amplitude level
for combination;
wherein the step of converting into the phasc difference detestion ourput further
comprises the steps of:
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extracting a phase-detection output from a received signal and latcLiﬂ-g-&he_

phasc-detection output at a clock frequency twice a frequency of a symbol clock
synchronized with a symbol;
shifting the latched phase-detection output with the symbol clock; and
generating a phase difference detection output by suraming the latched phase-
detection output and the phasc-detection output shifted with the symbol clock.

In accordance with a third aspect of the invention, there is disclosed a diversity

type radio device comprising:

plural units of phase-detection means provided for a received signal and for
phase-detecting a received signal of a PSK modulation received by an antenna
through a delay detection at a symbol of a phase signal forming the each received
signal;

plural units of phase difference detection means provided corresponding to the
phase-detection means and for generating a phase difference detection output
indicating a phase difference between the symbols by detecting a phase difference of
lh; phase-detection outputs between the symbols based on a phase-detection output of

the phasc wave detection means; and

combing means for weighting each phase difference detection output with an

-amplitude level and combing the weighted phase difference detection outputs;

wherein the phase difference detcction means further comprises:

latch means for latching a phase-detection output at a clock frequency twice a
frequency of a symbol clock synchronized with a symbol;

a shift register for shifting a phase-detection output being output from the latch
means with the symbol clock; and

_ means for generating a phase difference detection output by calculating a

difference between a phase-detection output being output from the latch means and 2
phase-detection output being output from the shift register.

In accordance with a fourth aspect of the invention, there is disclosed a
diversity type radic device comprising:

plural units of phase-detection means provided for a received signal and for
gencrating a phase-detection output by phase-detecting a received signal of a2 PSK
modulation received by an antcnna through a delay detection at a symbol of a phasc

signal forming the each received signal;
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plural units of latch means provided corresponding to the phase-detection
means and for latching the phase-detection output at a clock frequency twice a
[requency of a symbol clock synchronized with a symbol;

plural shift registers provided corresponding to the latch means and for shifting

a phase-detection output being output {from the latch means with the symbol clock;

plural units of difference calculation means provided corresponding to the
latch mcans and the shift register and for outputting a phase difference wave detection
output by calculating a difference between a phase-detection output being output from
the latch means and a phase-detection output being output from the shift register; and

combing means for weighting the each phase difference detection output with
an amplitude level and combing the weighted phase difference detection outputs.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other objects, features and advantages of the prescnt invention will
become more apparent upon a reading of the followiny detailed description and
drawings, in which:

Fig. 1 is a block diagram showing an cmbodiment of the present invention;

Fig. 2 is a block diagram of a phése difference detection section shown in
Fig. l:and

Fig. 3 is a block diagram of a conventional art.

DESCRIPTION OF THE EMBODIMENTS

The present invention will be described with reference to the accompanying
drawings. .

An embodiment of the present invention is described referring to the drawings.
Fig. 1is a block diagram showing a._n'ernbodimcnt of the present invention. This
embodiment is formed as a space diversity type having two antennas set apart at a
predetermined distance. 2-branch reception circuit phase-detects a QPSK modulation
wave through a delay detection method. respectively. The 2-branch reccived signals
are combined through a maximum ratio combination method (RAKE combination).

" Referring to Fig. 1, each received signal input to antennas 1 and 11 passes

through BPFs (Band Pass Filter) 2 and 12, amplifiers at a high frequency with

increascd width 3 and 13 and BPFs 4 and 14, then is mixed at an output frequency of a
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1. A method of combing a received signal of a diversity type radio deiceir=

which each received signal of plural PSK modulation waves received by plltra‘r‘L
antennas is phase-detected at a symbol of a phase signal forming said each received
signal through a delay detection method and a phase-detection output at a symbol is
weighted with an amplitude level of said received signal for vector combination,
characterized in that said vector combination is executed by converting said phase
wave detection output into a phase difference wave detection output indicating a phase
difference between said symbols for weighting with said amplitude level, wherein said
phase difference detection output is obtained by latching said phase detection output
extracted from said rcceived signal at a clock frequency twice a frequency ol a symbol
clock synchronized with said symbol, shifting said latch output with said symbol clock
and summing said shift output and said latch output.
2. A method of combing a rcceived signal of a diversity type radio device
comprising the steps of:

generating a phase-detection output at a symbol by phase-detecting each
received signal of plural PSK modulation waves received by plural antennas through a
delay detection at a symbol of a phase signal forming said each received signal;

. converting said phase-detection output at said each symbol into a phase

difference detection output indicating a phase difference between said symbols: and

weighting said phase difference wave detection outputs with an aruplitude

level for combination;

wherein said étep of converting into said phase difference detection output further
comprises the steps of: |

extracting a phase-dctection output from a received signal and latching said
phase-detection output at a clock frequency twice a frequency of a symbol clock
synchronized with a symbol;

shifting said latched phasc-detection output with said symbol clock; and

generating a phase difference detection output by summing said latched phase-
detection output and said phase-detection output shifted with said symbol clock.
3. A diversity type radio device comprising: o

plural units of phase-detection means provided for a received signal and for
phase-detecting a received signal of a PSK modulation received by an antenna through

a delay detection at a symbol of a phase signal forming said ecach received signal;
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plural units of phase difference detection means provided corresponding to

said phase-detection means and for generating a phase difference detection output
indicating a phase difference between said symbols by detecting a phase difference of
said phase-detection outputs between said symbols based on a phase-detection output -
of said phase wave detection means; and

combing means for weighting each phase difference detection output with an
amplitude level and combing said weighted phase difference detection outputs;
wherein said phase differencc detection means further comprises:

latch means for latching a phase-'detcction output at a clock frequency twice a
frequency of a symbol clock synchronized with a symbol;

a shift register for shifting a phase-detection output being output from said
latch means with said symbol clock; and

means for generating 2 phase difference detection output by calculating a
difference between a phase-detection output being output from said latch means and a
phasc-detection output being output from said shift register.
4.. A diversity type radio device comprising:

plural units of phase-detection means provided for a received signal and for
genérating a phase-dctection output by phase-detecting a received signal of a PSK
- modulation received by an antenna through a delay detection at a symbol of a phase
signal forming said each received signal;

plural units of Jaich means provided corresponding to said phase-detection
means and for latching said phase-detection output at a clack frequency twice a
frequency of a symbol clock synchronized with a symbol:

. phural shift registers provided corréspond'mg to said latch mneans and for
shifting a phase-detection output being output from said latch means with said symbol
clock; ' |

plural units of difference calculation mcans provided corresponding to said
latch means and said shift register and for outputting a phase difference wave
detection output by calculating a difference between a phase-detection output being

output from said latch means and a phase-detection output being output from said shift
register; and
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combing means for weighting said each phase difference detection output with

an amplitude level and combing said weighted phase difference detection autputs.

* c L M S *
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METHOD OF COMBING RECEIVED SIGNAL OF DIVERSIFY-FYPERADIO

DEVICE AND DIVERSITY TYPE RADIO DEVICE

ABSTRACT -
Detection outputs 103 and 104 'of phase-detection sections
9 and 19 of two reception circuits are input to phase difference
detection sections 10 and 20, respectively. A detection output
103 indicating an instantaneous phase amount of each Synxbol
as each phase output of a QPSK received signal is converted
into phase difference detection outputs 105 _ahd 106 each
indicating a difference between the respective symbols. The
output is input to a combination process section 23 where

amplitude signals 101 and 102 are operated as weighting £factors

and vector combination so as to obtain a combination signal.

Fig. |



