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The present inven~i011 relates to a method of combing a 

received signal of a diversity t:YP• radio device and, iuore 

particularly,. to the method of combing a received signal_ by 

delay detecting a received signal of a J?SX modulation wave and 

combines Lhe detected received signal by a maximum ratio 

combinatilln method CMn combination) . 

'rb.e conventional di"ersity type radio device as described 

above is used in, for example, a. :base station of a PHS system, 

a construction af which is shown in Fig. 3 • Fig. 3 is a black 

diagram of the conventional art. This conventional art is of 

a space diversity type having two antennas set apart at a 

preaetermined distance. Each 2-branch reception ·e:irc\l,it phase . . 

•detects a received signal of a PSK (or QPSIC) modulation wave . 
, by a delay detection method amd then weights the 2-l::>:ranch. 

detection output with.a received amplitude level for vector 

combines with the it.AKE combination. 

Referring to Fig. 3. a received signal input to antennas .31 

and 41 passes tb:rough BPFs (Band Pass Filter) 32 and 42, 

mrcplifiers at a high f::equancy 1.4ith incx-eased. width :33 end 43, 

and BPFs 3 4 and 44. Each signal is mixed at an output frequency 

of a local· oscillator osc 50 by mixer~. 35 ... ~~. -45 l!Lt; ~- fi~_;1t 
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stage, r1Jspecti vely. The ll\ixed signal passes through BPFs 3 6 

and 4:6, lF amplifier$ 37 and 47 th.rough which the signal is 

mixed dowu into a prilna.ry intemedia.te frequency. 'l'he signa1 

is further mixed at an output frequency of an osc 51 by ndxers 

38 and 48 at a second stage, :respectively and mixed down into 

a secondary intel:lnediate frequency, which is input to phase 

detection sections 39 and 49 ~ 'l'be mixers 38 a.nd ""48 detect a. 

level amplitude value of the received sigual and output. 

anq>litude signals 101 and 102. 

The phase-detection sections 39 and 49 phase -detect the 

received •ignal. The detection output reprasents an 

instantaneous phase amount of each symbol as each phase ouq,ut 

of the QPSR :received signal, i.e., an absolute 'Value of the 

phase amount. 

Each of 1;he 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 

combinatiu:c. signal. The cqltlbination signal is demodulatAd into 

a received data signal in a demodulation section 53. 

The conventional method ccmbies the wave detection outputs 

that have been phase detected. As the detection output 

representQ tha absolute value of the phase amount, the 

respective delay amounts of each group of the el.elnent: of the 

reception circuit, :SPFs 32 and 42, high fr_e_qy._~J;cy amp1i:fiers 
·-·-- -· -···-··-···-·-·-·-·-··-·-·······-
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33 a~d 43 and the lika are addad to the ahsolu~e va1ue. The 

aforemenl:icned de.lay U\ount varies Clependent on the respective 

elements. This may cause the pba.$e difference in the detection 

output bet.ween two reclllived signal.ti, resulting in deteriorated 

combination output characteristics. The le~l of auch 

deterioration also disperses dependent on the prod11ct. 1eading 

to inconsistent quality. 

SOMD.:RT DP HB Ul'Vmft'J:Olt 

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 pba.se-d~tects each received sig:a.a.l 

of plural PSX modulation wave received by plural antennas 

chrough a delay detection method at a sy!l\bol of a phase signal 

fo:cining the each recei-ved signal and weights a phase wave 

detection output at each SYJl\Dol with an amplitude level of 1;he 

received signal for vector cOlllbination. :tn this method, the -
vector c:o1nbination is executed by converting the phase­

detection output into a phase difference detection output 

indicating a phase di££erencehetween the sl'Ilibols forweighting 

with the amplitude level. 

The pbasl-! difference detection output can be obtained using 

the method for l.atching the phase-detection output at a clock 

frequency twice a trequency o! a syinbol ·clock extracted f roin 

the recaivod signal and synchronized with the symbol., shifting 

t;he latch output with the syn\bol c:lock an~-~~l:.~Q-~h~ __ shift___ 

I l\ifli[iWIUi 
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output and the latch output. 

DDlP mllSCA%P!!%Olll 01' TD DlW9DlGB 

This and other objects. features and advantages 0£ 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 tha present 

invention: 

Fig. 2 is a block diag:t'illll of a phase di£f erence detection 

section shown in Fig. 1; and 

Fig. 3 is a block dia~ram of a. conventional art. 

The present invention will be descz-ibed with re£ereilde to 

the accompanying drawings. 

An embodiment of the present invention is described re.f erring 

to the drawings. Fig • 1 is a. block diagram showing an einbod:Lment 

of the present invention. This embodiment is formed Ap9 a space 

diversity type having two illltennas set apart at: a predetennined 

distance. 2-branch reception circuit phase-detects a QPSK 

Jnodulation wa'\re through a delay detection xnethod, respect.ive1y. 

The 2-branch received signals are combine through a maxim.um 

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, 

arnplifie.ra at; a high frequency 1r1ith incl:eased. 'Width 3 and 13 

and BPFs 4 and 14.. then is mixed at an output. frequency __ ~;_ ~ 
-····--···-·-·---~-···········--·-· ······-·-··· 
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local oscillator OSC 21 by lllixers 5 and l.S at a fi:r:~t .stage, 

respectively and further passes through :SPFs 6 and 16 and IF 

amplifiers 7 and 17 to be mixed down into a primary inteniediate 

frequency. The signal is mixed at an output f.requ.Emcy of an 

OSC 22 by lnixers 8 and lB at a second stage, respectively to 

be mixed down into a secondaxy intermediate frequency, whic:h 

is input to phas.e wave detection section$ 9 and 1.9 . Ea.eh of 

the mixers 8 an.a. 18 det.ects a 1e'V'el amp1ituda value of the 

received sig.c.al and outputs amplitude signals 101 and 102, 

' respectively. 

~he phase-detection sections 9 at1.d 19 phase-detect tha 

received signal. The resul. tant Q.etection output represents the 

inst.anta.neous phase amount of each symbol as eac:h phase output 

of the ·ops·K received signal, i.e •• the abso1ute value of the 

phase amount. 

'!'he deteetion outputs 103 and 104 are input to phase 

difference detection sections 10 and 20. respectively for 

detecting a phase difference detect:ion output indicating the 

phase amount difference between one symbol and another. 

Each of the de~ection outputs 105 and 106 is input to a 

combination process .section 23 where the amplituda signals 101 

and 102 ot each received signal are ope~ated a.i:r weighting 

factors and vector combined for outputting as a coml:>inaeion 

signal. The combination signal.is demodulated into a 

transmi.sslon data signal in a demodulation s~cfli!ti_::_2_4. ___ .. -------



Ref erring to Fig. 2, ea.ch op~a.tion of the phase diffexance 

detection sections 10 and 20 is described (likewise executed 

in the phase difference detection section 20). An input 

phase·d~tec:tion output 103 is latched ae a clock ~ice a symbol 

clock 10·1 in a latch section 201 and output to a shift register 

203 and a fuJ.l add.er 202. The shift. register 203 .shifts the 

phase-detection output a.t each Sl'lJlbol clock, 1'hich is output 

to the full adc.i.er 202 again. The full a.dde~ 202 suxns two signals 

(off set) to obtain the difference data of the pha.se-deteetion 

outpue. At this ti.me the shift register 203 outputs at the 

symbol clock. Accordingly the. full adder 202 outp"q.ts a phase 

tlif fuence detection ~tput 105 between one synlbol and another. 

The symbol clock 107 is axtracted at the demodulation section 

24. 

AS describe4 above, in the method cf combing a received signal. 

of a diversity type radio Cievice of the present invention, a 
. -

relati'1'e value (phase difference) is used as the phase amount 

of the phase-detection output intended for c:omhing instead of 

using. the absolut:e value so as not to be influenced. by delays 

of the respective element q~oups that fol:m the reception 

circuit. As a result., the combination output characteristics 

hardly diuperses, thus assuring the consistent product 

quality. 

'l'he entire disclosure of Japanese Patent Application No. 

9 .. 22s10G filed on August 27, 1996 including s~ca~if~~~1:'.iC?n_,. 
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claims, drawing ana stmm1B.l:'y are incol:porated herein. by 

ref erenc:n in its e~tirety. 
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What is claimed is: 

1 A method of conibing a received signal of a diversity type 

~adio device in which each received signal of plural PSX 

1'1odul.ation waves received by plw:'al antennas is phase-detected 

at a syn1llol of a phase signal fontlng .said each received signal 

through a delay detection method and a phase-detection output 

at a syn1bol 1s weighted with an amplitude 1evel of said received 

signal for vector combination, eharacterized in.that said 

vector cOlnbination is ex:ecuted by converting said phase wave 

de.te.<.:tian output into a. phase difference wave dstection output 

indicating a ph~se,difference between said symbols for 

"\'lei.ght.ing with said amplitude level. 

2 The method of combing a received signal of a diversity type 

radio devic:e of claim 1, Whereiii said phase difference 

detection output is obtained by latching said phase deteceion 

output extracted from said ~eceived si.gnal at a clock f:reqU.eney -twice a frequency of a symbol clock synchronized with said 

syinbol, shifting said latch output wit.h said sy.mbol clock and 

summing said shift output and said latch output. 

3 A method of combing a receiired signa1 of a diversity type 

radio device comprising the steps of: 

generating a phase-detection output at a symbol by 

phase-de~ecting each received signal of plural PSK 

modulation waves received by plural antennas through a 

delay deC!ilction at a syinbol of a phase .signal :Corming said 
·-···· --·----- ··---······-·-=·· -·- ···--· ·-· 
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each received signal; 

conveZ"ting said pbase ... detection output at said each symbol 

into a phase difference detection output indicating a 

phase difference between said ,Qmbols; and 

weighting said phase difference wave Cletaction out.puts with 

an amplitude level for combination. 

4 The method of combing a. received signal o~ a diversity type 

radio device of cla.ila. 3, wherein said step of convertiug into 

said pha.na difference detection. outP'lt fu:r:ther COD'!Prises tha 

steps of: 

extracting a. phase-detec.tion output f:.-om a. :received signal 

and.latching said phase-detection ou~put at a clock 

frequency twice a :frequency of a symbol c:::lock 

synchroni~ed with a symbol; 

shifting said latched phase-detection output with said 

symbol clock; and 
. 

generating a pha.se difference detection output by summing 

said latched phase-detection output and said pbase­

deccction output shifted wit.h said symbol clock. 

5 A diversity type radio device comprising: . 

plural units of phase-detection means provided for a 

received sisnal and for Phase-detecting a x-ecei ved signal 

of a J?SK modulation receiV'ed by an antenna. through a delay 

detection at a symbol of! a phase signal foxming saic!l each 

rec~.ived signal: 

111111111111111111111111111111 
* C L M S * 
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plural units of pha.5e difference detection means provided 

corresponding to said phase-detection mel!lll.B and for 

generating a phase difference detection output 

indicat;.ing a phase difference be.tween .aaid symbo1.s by 
. 

detecting a. phase diffarenee 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 cmd comb:lJig said weighted 

phase difference detection outputs. 

6 'l'he diversity type radio device of 5, wherein said phase 

difference detection means further comprises: 

latch means for la.tching .. a phase-detect.ion output at a clock 

frequency twice a frequency of a s~ol c1ock 

synr.bronized with a symbol; 

a shift .register fer 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 ~alculating a difference betwaen a phase-decection 

output being output from said latch means and a 

phase-detection output being output froin said shi~t 

regist:er. 

7 A diversity type radio device comprising; 

plural units of phase-detection means provided for a 

recebred signal and for generatina 1'.. Ph.a~~-~-~t.ec1:ion 

1111111111111111111111111\ \II\ 
* C L M S * 
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out:put by phase-detecting a :received signal of a PSK 

:modulation received by an antenna through a de1ay 

detection at a sYIDbol of a pha&e signal fo:tming said each 

received signal; 

plural unit:s of latch tneans providec.\ corresponding to said 

pbase-detaction means and for latching said phase­

detaction output at a clock frequency twice a frequency 

of a symbol clock synchronized with a symbol: 

plural shift registers provided corresponding' to said latc:h 

means and for shifting a phase-detection output being 

outp~t from said latch means with said symbol clock: 

plural un1t$ of difference calculation means provided 

corresponding to said latch means and said shift register 

and.for outputting a phase difference wave detact~on 

output by calculating a difference between a phase­

detection output being output from sa~d latch ~eans all-d 

a phase-detection output being output from said shift 

register; and 

combing means for weighting said each phase difference 

detection output with an al\\plitude level and combing said 

weigl1ted phase difference detection outputs. 

111111v 1111~ 11~111~1111111 
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METHOD OF COMBING RECEIVED SIGNAL OF DIVERSITY TYPE 
~ . 

.RADIO DEVICS AND DIVERSITY TYPE RADIO DEVICE 

Detection outputs 103 and 104 of phase-detection sections 

9and19 of two reception circuits are input topha.se diff~ence 

detection sections 10 and 20. respectively. A detectiou output 

103 incli~ati:og an instantaneous pha.sa amount of each symbol 

as each ~base output of a QPSX :ecQi'Ved signal is converted. 

into phase difference detection out~uts 105 and 106 each 

indicat.tng a difference between the respective symbols. ~e 

output is input to a combinatit;>n process section 23 where 

ainplitude signals 10l and 102 are operated a$ weighting factors 

and vector combination so as to o:btain 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 received 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 radio device·as described 
i 

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 signal 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 OSC 51 by mixers 

38 and 48 at a second stage, respectively and mixed 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 synchronized with the symbol, shifting 

the latch output with the symbol clock and summing the shift 

r-· This Sheet Has Been Replaced 
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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 drawings. 

An embodiment of the present invention is described ref erring 

to the drawings. Fig. 1 is a block diagram showing an embodiment 

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 received signals are combine 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 increased width 3 and 13 

and BPFs 4 and 14, then is mixed at an output frequency of a 
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local oscillator OSC 21 by mixers 5 and 15 at a first 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 

OSC 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 

received signal. The resultant detection output represents the 

instantaneous phase amount of each symbol as each phase output 

of the QPSK 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 is 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 signal is demodulated into a 

transmission data signal in a demodulation section 24. 

This Sheet Has Been Replaced 
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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, which 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 outputs a phase 
i 

difference detection output 105 between one symbol and another. 

The symbol clock 107 is extracted at the demodulation section 

24. 

As described above, in the method 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 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 No. 

8-225106 filed on August 27, 1996 including specification, 
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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 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. 

2 The method of combing a received signal of a diversity type 

radio device of claim l, 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 

' f 1111111111111111111111111111 
* C L M S * 
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each received signal; 

REPLACEMENT-SHEf17 j 
-· --····-1 I 

f 7 fiDV 1997 I I 

J 
converting said phase-detection output at said each symbo.L 

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-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 each 

received signal; 

I lllllll llllll lllll lllll ll llll 
* C L M S * ili1iii1i11illil1ii 



10 

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. 

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 

111111~ 1111~ 11~111111111111 
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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 a 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 output 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. 

\ \\l\\11 \\Ill\ \I\~ l~IJ II~\\ 
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METHOD OF COMBING RECEIVED SIGNAL OF DIVERS! 

DEVICE AND DIVERSITY TYPE RADIO pEVI 

ABSTRACT 

REPLACEMENTSHEETJ 
r~~~--~-~v-~·997 

y ~·ytJE-~tf&--.J 

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 of a QPSK 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 

amplitude signals 101and102 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 aforementioned delay 

atnOW1t varies dependent on the respective elements. This may cause the phase 

diffetence in the detection output between two received signals, resulting in 

deteriorated con1binatio\1 output characteristics. The level of such deterioration also 

disperses dependent on the product. leading to inconsistent quality. 

SUJ.\iIMARY OF THE INVENTION 

In accordance with one aspect of lhe 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 wave received by plural 

Cl.Iltennas through a delay detection method at a symbol of a phase signaJ 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 

synchro1'lized whh 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 com bing 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 each symbol into a phase 

differc11ce detection output indicating a phase difference between the symbols~ and 

weighting the phase difference wave detection outputs with an amplitude level 

for combination; 

wherein the step of converting into the phase difference detection output further 

comprises the steps of: 



4 

REPLACEMENT SHEET 

[ 2 8 iE;;~-
extracting a phase-detection output from a received signal and latcl'l:l·~~~------l 

phase-detection output at a clock frequency twice a frequency uf 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 summing the latched phase­

dctection output and the phase-detection output shifted witb the symbol clock. 

In accordance with a third aspect of the i11vention, 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 modulatio11 received by an antenna 

through a delay detection at a symbol of a phase signal forming the each i·eceived 

signal; 

plural units of phase difference detection means provided corresponding to the 

phase-detection means a11d for generating a phase difference detection output 

indicating a phase difference between the symbols by detecting a phase difference of 
' . 

the phase-detection outputs between the symbols based on a phase-detection output of 

the phase wave detection means; and 

combing means for weighting each phase difference detection 01.1tput with an 

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

wherein the phase difference detection means further comprises: 

latch means for latching a pha.'1e-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 a 

phase-detection output being output from the shift register. 

In accordance with a fourth aspect of the invention. there is disclosed a 

diversity type radio device comprising: 

plural units of phase-detection means provided far a received signal and for 

generating a phase-detection 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 fanning the each received signal; 
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plural units oflatch means provided corresponding to the phase-detection 

means and for latching the phase-detection output at a clack frequency twice a 

frequency of a symbol clock synchronized with a symbol; 

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

a plic:ise·detection output being output from the latch means with the symbol clack; 

plural units of difference calculation means provided correspondi11g to the 

latch means 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 present invention will 

beeon1c 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 detectic;m 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. t is a block diagram showing an embodiment 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 received signals 

are combined through a maximum ratio combination method (RAKE combination). 

-~·~~··-~~~:1 
"""·-~... ....,,:Ju ' 

r 
--··- ··-··· -·--··· ... J 

Referring to Fig. l, each received signal input to anteru1a~ 1 and 11 pa.'\ses 

through BPFs (Ba11d Pass Filter) 2 and 12. amplifiers at a high frequency with 

increased width 3 and l3 and BPFs 4 and 14, then is mixed at an output frequency of a 
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What is claimed is: 

1. A method of combing a received signal of a diversity type radio de C· 

which each received signal of plural PSK modulation waves received by pl~fl::====-"-------

antennas is phase-detected at a symbol of a phase signal fanning 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 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. 

2. A method or 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 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 amplitude 

level for combination; 

wherein said step of converting into said phase difference detection outp~t 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 ph.ase­

detection output and said phase-detection output shifted with said symbol clock. 

3. A diversity type radio device comprising: 

plural units of phase-detection mea.i.1s provided for a received sig11al and for 

phase-detecting a received signal of a PSK modulation received by an antenna tlirough · 

a delay detection at a symbol of a phase signal forming said each received signat 
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plural units of phase difference detection means provided corrcsponc ing to 
------~~~~~~---' 

said pha.~e-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 weightini: each phase difference detection output with an 

amplitude level and combing said weighted phase difference detection outputs; 

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 meai1s 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 ai1d a 

p~hase-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 

generating a phase-detection output by phase-detecting a received signal of a PSK 

modulation received by an ante11na through a delay detection at a symbol of a ph~e 

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 a 

frequency of a symbol clock synchronized with a symbol~ 

. plural shift registers provided corresponding to said latch means and for 

$hifting a phase-detection output being output from said latch means with said symbol 

clock; 

plural unit~ 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 pha.c:;e-deteetion output being 
. . 

output from said latch means and a phase-detection output bein~ output from said shift 

register; and 
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combing means for weighting said ea.ch phase difference detection output with 

an amplitude level and combing said weighted phase difference detection outputs . 
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METHOD OF COMBING RECEIVED SIGNAL OF DI 

DEVICE AND DIVERSITY TYPE RADIO DEVICE 

ABSTRAC'l' 

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 ph~se amount of each symbol 

as each phase output of a QPSK received signal is converted 

into phase difference detection outputs lOS_and 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. l 


