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"Receiving Circuit" BACKGROUND OF THE | NVENTION 5
[Field of the Invention] The present invention relates to a
receiving circuit, and nore particularly to a receiving circuit which
permts sinplification of its circuit arrangenent and which further

i nportant points needed for a regelvin communi cations is
to possibly reduce hi'gh-frequencﬁ, s to thereby | essen

allows | ess power for a recei vi current with reduction of
power consunption. 1 O [Descri ptiorsﬁé@@?& of Art] One of

a hi gh power consunption factor, . upnstable operation factor and high
manuf act uri ng cost inherent in 15 Rtel‘fél‘HpShCHCé‘éﬁJency circuit, coupled
with a space occupi ed by that circuit. These points are particularly
I mportant for nobile o nmg For the

reduction of the high- .
[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

L receiving system concurrent with reduction of power consumption.
10 [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

15 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-

N frequency circuit portions, a direct demodulation method has been
proposed heretofore in terms of multiple frequency conversion and

20 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

25 developed a number of methods in which a local oscillator generates



frequency circuit portions, a direct denodubation nethod has been
proposed heretofore in terns of nmultiple frequency conversion and 2 O
carrier frequency, thus acconplishing the direct conversion into a
| ow frequency and the direct denodul ati on into a baseband. The
aforesaid high-frequency circuit portion mainly constitutes a space
diversity reception function necessitatin tgﬁ ant enna Séstens.

Hav &%

As the direct aisigarl Fitha fEequency Kave ATies cfreqpency owbirt Hunber
of nmethods in which a |local oscillatQr generates .
-2- Augn g el miked withy eqmye@qmnttwametocéterw& 2 baseRARd, whi ch
Si'gnal t her ef reignallitherefromet eifodireeti hiaadulision Jnegd b made 9y oduce
a high-frequency signal with a frequency_equal tog the 5 received, si gnal
frequency, andgprodacki ghhigh-freguepcyi gignal cwithha frequensysgqual (@ dhge or
emt in the air through an antenna of the receiver. Accordingly,
anot her refei wecedidacsignalt feequeancyndendjode 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
\_J this reason, this method has chiefly been adopted for
10 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

15 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

et kind of communication method difficulty is encountered in direct
frequency conversion and direct demodulation. One approach to

20 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,

25 fc + fo and fc - fo are obtainable by multiplication process of fc and



interferences to be inhibited fromestablisfing comuni cati ons. For
this reason, this nmethod has chiefly been adopted for 1 O communi cations

based on frequency nodul ati on nmet hods which are relatively strong to
single frequency interferences. On the other hand, radio
portabl e tel ephones, being recently rapidly put in w despread use,

rely on a so-galled PSK which i,g one .anpl i e transport dul atio

et hod. and t 60 UTRYER # Binedteay aminteE, e pob RESs FO T Bt 2R
denodul ated ouytput, to , . deteriorate jhe errqp rate of a received .

- signal . That #8,- dPneeeXisk in an oytpup Pfi‘l‘Fl F%?qléﬁaﬁ)feégwhcgw ri&?rqs&k‘b

the carrier frequency, .in this kind of c mm%cihi on nethod difficulty

i's encount er e@rPeess rigdependently  geqiures HgRGLY W 8 Bespestive

denodul ation. One approach to 20 resolve such a_technical problem
i nvol ves a nefresgiencies;, the prior systesar caernot qyaetieally osatisfyadhis portabl e

t el ephone is taken as fc and . an of fset frequency is taken to be fo,
obtains fdS + frequiremieat. {Bhe¢ nprior systemeessentinllyi eraploysr dijtetsc fonf theet
conpl enentary | ocal oscillatiaon frequency for a frequency conversion.

For carryi ng sespective rfseqeenciess whide +suffering ac disgdyantege bthatnabicarmer
mul tiplication process of fc and
-3 - frequency for a desired signal is variable and hence the filters need
to designed to cope with the frequency variations.
w SUMMARY OF THE INVENTION
10 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
15 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
A for elimination of the problems related to the aforementioned
ordinary methods.
20 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

25 adjacent channels thereinto.



fo through a m xer (frequency m xer), whileghoth signals fc + fo and

fc - fo coexist in an output. Mre specifically, although the aforesaid
process independently requires signals with the resp¢qHiySHEET HAS REEN
frequencies, the prior systemcan not practically satisfy gipiaced
requirenent. The prior systemessentially enploys fid St Sf-—tFre
respective frequencjes,, while suffering .a disadvantage that, a carrier
frequency for a desﬂnr additignga :%Er‘gﬁﬁ‘&ﬂ%t d(tj}Hénb‘é‘get‘Wé’nf ilpt 1 Stingtprally
to designed to cope vvith,trgag frequer;&y vari ati ons

I.or-5
T LAY A CTrre

SUMMARY OF THEeVRgNfumgiional parts makipg WP c& eceiVibenfitGHith i Feliice the
devel oped with a view to resolving the prior problens, and it is
therefore a gduactiongbjparts osuffering fream p2 cligge POVEHt CRFUBPHPBY PHe a
receiving circuit in a communi cation systemwith a plurality of

channel s, whi aieplacec tbem ewith diffgrentepnesi ng t he power necessary in a
receiving systemand of 1 5 reducing the power consunmption with a
si nplifiedScircuit.For these purpoggfet &% ronge g&prEIPlObjaeEecaiVingicir¢uitention is

to provide a receiving circuit which can provide the frequencies fc +
fo and fc - fcoaccording do #his minvention i compgsedbbérfirstennd esecond: he
af orenent i oned ordi nary nethods. 20 More specifically, an

obj ect of thi frequemty cconvertingpcieuits fior accepting a received signal
obtained through an antenna, a local frequency signal generating
U circuit for generating middle (intermediate) frequencies between a
10 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
15 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
N first and second frequency converting circuits, a frequency offset
circuit for removing a frequency offset remaining in an output of
20 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

25 direct frequency converting system, which bases this invention. A
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receiving circuit which perforns a directiag-frequency conversion of _
a frequency in between the channels. of a receiving _ Of et
- BT HAS
frequency of a receiver and prevents the occurrence ﬂ'\‘ﬂ'ﬁ@w’)‘ el [ EQUENCy
offset in its output signal and the m xing of a signgl of ﬁﬁ’e‘-*“‘ -acent
channel s thereinto.
Substitute sheet ] . . . . .y ..
24 (ctober 199space diversity function can be realized with a receiving cjrcuit
In addition, a further object of this inventio({1 is to structurally review
functional parbasedaldma mingler ghiegct AYadraturg (dateCtoLduce the functional
parts suffering froma |arge power consunptiqQn or replage the i th
di fferent ones. With thifourapgemephy gofesely 8ﬂ§gt>5§?fﬁ}léﬁdnafw?’é’cé}‘\/i ng
circuit according to this _inventign is conposed of first and second.
frequency convaitenng s fedi ta ther figstc apdi secand JrequeneysiCORYETHRE of HERILS,
through an _antenna, a |ocal frequency signal generating,circuit for
gener at i ngSuppwhilgnthe desal ifiequensy signgl ggneratings citcdib supplics. o fBen a
radio carrier frequency of the received signal and radio carrjer
frequenci es offisstj andnisecprd dfregneanen R RItiaZa Fakuitsa nbve ydiiferent o
outputting the upper frequency as a conversion frequency input to said_
first frequencfrequeneiesi mge.ci theuiupsadel amd dowpside fgequanaiesegorre
as a conversion frequency input to said second frequency converting
circuit, a contmorcemtsed waluesctbetweenr channedleoy thusrpraducsng twapountput
present in common in both outputs of the first and second frequenc
coRverting cirsignals im termguefceachf bfed deisiredi waver ancmpsideg channef;@adcy
of fSet remaining in an output of the conmon wave extracting circuit, and a
filter fof ¢ endowngide chanaekssFuythercaudesired owaveechanmelasigmad 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

15 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

bl resultant signal is supplied as a baseband signal to a baseband
signal processing section.

20 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

25 frequencies between a radio carrier frequency of the received signal
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in an output of the frequency offset circuig- In addition, in this
invention, a neans to resolve the prior problens ig—agdem: IreeR!
frequency conpl enentary offset type direct frequenﬁH&m% B(g'gstem
whi ch bases this invention. A

Substitute sheet

24 Cctob 1997 . . . . . -5 - .
di ver s?t ;rf unand oradign caEriek freauencies nof, adipesn; rlllé’sbqer and cg%\ggs d%ﬁa;e

singl e direct guadratur etectoyr. . / t ht hi.5_ag n
recei ved si gn&hanmelsi ﬁBg ??Uﬁ?%rfoénpgmt% %ﬁ FBs@ﬁef#eﬂﬁgﬁggnéfsg}:%nd
frequency converting circuits, while the Local frequency si anal.%lgenerati ng

|
circuit suppl mpside @ndnhdopynsifle JF0 s WayRq FRANEREIRS) a8 oy EPRTHSI®E r cui t s,
two different frequencies, i.e., the upper (upside nd | ower. (d i de
frequenci es céraquepshdinRat 40 cEift r@“vﬁ%ﬂ@%‘(‘@gt% rgﬁ&nﬁé‘icél,lt gﬂ@\é\%r )

producing two output signals in terns of each of desired wave, an upside
channel arfd aoutpwitinge tgﬁadﬁ@!ﬂm%rfmﬁﬂ?n%)’d Teel dave CHHEREO gnal
bei ng a signal conmponent present in commn in both the first and second
frequency confraquemgyciimputi tte the esecondt EeQUENEY cCORYSRIMEVEHECHEt PBact i ng
circuit. Since a frequency offset of [err]o remains in the output of the
conmon wave exbmEDOhngaver exitractingrioitaudt fiosqesHagtingnge FOMBPNENL: RFFICRY
out in the offset frequency circuit to renove the offset anpount. Moreover,
an unnecessar yn f camaeor yinc bopo neatpute rofr thee finsh and segppd cBequEneEpved
through a filter, before the resultant signal is supplied as a baseband
signal to a besebertingi cnciitsyr acfregjuency eoffsen circuit for remowingradance with
a preferred formof this invention, a receiving circuit conprises first

10 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
15 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
et frequency converting circuits for generating middle frequencies
between a radio carrier frequency of the received signal and radio
20 carrier freq.ucncies 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

25 second -frequency converting circuit, a first frequency offset circuit

-
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and second frequency converting circuits for_accepting a received signal
obt ai ned through an antenna, a | ocal frequency signal~generating circuit
coupled to the first and second frequency converting 5”’8"9},’5 :
generating upper and | ower internedi ate frequencies | i
radio carrier frequency of the received signal
Substitute sheet . ) ) .
24 Cctober 1999T Temoying 2adrequeacy; effset sqndnineds inram QuipBhiof, $B¢ dirsng
downsi de channels and further, for, oufputting thz upper fr&%uenc,y as %1
conver si on fr«féj@ﬂ#@}ﬂ)ﬁ mveﬂ'ﬁnghélf’?ll%tstafﬁe@&ﬂén TEQUERGKr PLAEE cFrewitt Ioihd
for outputting the |ower frequency_ _as a conversjon frequency input to the
second frequeremnasingent figgueney. upffsety coprainad wHy anequtpet (9fy the rsagonds or
extracting a conponent present in comon in both outputs of the first and
second frequerftgquencyeraonygring coiresit, sa feammoic Wave sextragtingi ¢irewit for
renmovi ng a frequency offset remaining in an output of the conmbn wave
extractingSci rextractinghca acompongntf presestroin i¢@mmonn ire deatha optpuisqoénthe
conponent renmaining in an output of the frequency offset circuit.

I n anot her pr dirstrand fsecondf freguencyveffiseb circitsecand i mdfilter dort remopiniges
first and second frequency converting circuits for accepting a received

si gnal obtai neh tinmecgbsary frequensy aompoment rleftdncansoygtpit généhat i ng
circuit coupled to the first and second frequency converting circuits for
gener ati ng uppomaoh |ware extractimgli eireuitr equenci es respectively between a
radio carrier frequency of the received signal and radio carrier

freqguenci es of adj dnent further eprefierrddwiorind eof thinéhsemtionf @ trbeeiving
ou%tti ng the upper frequency as a conversion frequency input to the first
frequencyl gonwgrduibdcempeises fingt thad eetond tfreguéley |comierfingdepraytsafon
conversion frequency input to the second frequency converting circuit, a

first frequengecepfingt aCréceivéd 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
15 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
=t the first frequency converting circuit and for outputting the
downside frequency thereof as a conversion frequency input to the
20 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

25 first and second quantizing means, a frequency offset circuit for



-7- for renoving a frequency of fset contagmed in an_output of the firsts
frequency converting circuit, a second frequency offg Icf.Cx I

renoving a frequency offset contained in an output o m%sgggé%?s%%ancy
converting circuit, a commopn wave extracting circuit Hoer—exir ng.a
conponent present in common in both outputs of the first and second
frequency offset ci.rcuit and a f}j r.for « i negessar
frequency congSHERIDEeRt ?’{eﬂugﬂc%u?gjﬁ%te(ffm{aﬁ%m%onmﬂﬂmggtg%gxsfatglt%i rc]:émmon
circuit. In.a further preferyedform.of this.inventi

receiving cir cURYS OHRTIRE ‘flf?‘glt’ a0 geég}?ﬁ{ F%q‘t&é‘h‘&‘i)néoﬁ@ebﬁﬂﬁ&&&%ui ts
for accepting a received signal obtajned through anfenna, a |lgca
frequency si griEedeIHr £9 Qz‘?’}tc&él AR &FtPBPtQQQF?réFqHﬁﬁc%e‘eﬁﬁaé
frequency converting circuits for generating upper and | ower internediate
frequenci es r edpeiti vel y between a radio carrier frequency of the received
signal and_radio carrier frequencies o%oadj acent ypsi de and downgsi.de
channel s add furthdf faorfufﬂlﬁbbﬂel% ed hEorg tﬂi%dﬁgﬁ%‘}oﬁs 3, TEERVEREI on
frequency input tqg the first frequency converting circuit and for .

out putting t heirQiitrcomprises clirsis andc secend i EaANeRGL SANYETHBE: Cliguitse for
second frequency converting circuit, first quantizing nmeans for quantizing
an out put of taceeptingt af recpived ysigonl chtpingdc thiaugh age @piennuadt 1ogalg
means for quantizing an output of the second frequency converting circuit,
a common wave feequenay rsjgnalr @enerating ecarmat:mmg)ladcmrﬁbneﬁtrsbr@slgﬁpcpnd
comon in both outputs of the first and second quanti zi ng means, a
frequency of f feequemayi ¢onverting circuits for generating middle frequencies

10 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

15 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,

s second quantizing means for quantizing an output of the second
frequency converting circuit, a first frequency offset circuit for

20 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

25 frequency offset circuits, and a filter for removing an unnecessary

—
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Substitute sheet -9-
24 Cctober 1997 8——t-enpPyYI Y a
frequency offset remaining in an output of the common vﬁ%&{nﬁﬁé‘lﬁsn%gm
circuit; and a filter for renoving an unnecessary freqyency BERigEEEnt | eft
I n an output of the frequency offset circuit [zt urt her

preferred for IS | Welg receivi I r.cuit conprises first and
second freque?ég‘i%mrﬁq%&ﬁ'ﬁcEﬁ’f?smf é’é’gﬂﬁb&ci"ﬁg e é‘d‘gﬂﬁlal

obt ai ned t hr ogg{&{a .antenna, a |ocal frequency signal generating circuit
coupl ed to t hEX¥FIHBENGISBH g frequency converting circuits for

gener e 10 upver 0 LoVt PLSRTEAL. o SRS ShrCARBRC Y Yoblhes = °
e . gl E ol AL AR, SHBPEAR MR e (1
e Ao e S AL 5l SBAEREN, °°
R AR R A R

frequency converting circuit, a first frequency offset circuit for renoving
a frequency ofcospledotn a‘?‘ﬁeﬁlrﬁ‘h and secpnd auadigsure demedulating edrowitsndora
second frequency offset circuit for renoving a frequency offset contained
in an out put @EneRtingcaHddlp diequengiesehatween conadio nesmriesxfrequenay of
circuit for extracting a conponent present in comon in both outputs of the
figsy and secdhe receiviedcsigont sand giadiei carriesnfrequenciesr of oadjaganti wpsida
unnécessar _
5ubstitut1655h@@1d downside channels and further for outputting the upside

24 Cctober 1997 ) _ -9
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

15 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

\r quadrature demodulating circuits, a second common wave extracting

circuit coupled to the first and second quadrature demodulating

20 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

25 extracting circuit, a second frequency offset circuit for removing a

This Sheet Has Been Replaced

AW




frequency conponent left in an output of t-Hd&-commopn wave extracting
circuit. In a further preferred formof this pAventian
receiving circuit conprises first and second quadr at urjel {{8r3HitEgoned BEEN
dermodul ating circuits for receiving a received signal jobtai REE Adppough
antenna, a |local frequency signal generating circuit coupred—to-tte—rst

T er oo AN, SR Ahb g [ hES d GuBRCEAaciId PR e OV

i nternedi ate es respec adio carrrer fr

t he received gj [ rrJ | e 1ace ' n
downsi de chan%gﬁggggn%@ﬂe@a %r&otg%cﬁﬁ[%e ﬁﬁ%e%%ﬁ?@?ﬁq%ﬁ@%@gg fn
conversion frequency. inp e fi a .e d | at] ler it and
for outputti né'%fl% e?sc%ﬂr lf#er(ﬁ%&%gcfog{s&&aneglgngéelrﬁé#%ﬁgf ?‘gggfgn%télﬁp&# ?%ét he
second quadrature denpodul at i cifcuit, fir n e_extracti
circuit coupl 45t ﬁ?‘ﬂﬂée’?‘?yr ﬁ%ﬁdcgﬁg’&n&%%rsg%?ﬁ‘gm%wafeﬁﬂévﬁlgr @Bﬁg ts
for extracting a conponent present in co n in.both.l outputs of .t first
and second§ qug’&nﬁfﬁggarﬂe CICYn GOIRAS sfelga‘slgegnbncﬁ?mg}#%vgf b
extracting circuit cqupled to e first, and second quadrature denodul ati ng
circuits for S%¢PRd: fReQueneynPbisehiCF®ent in common in both a Q output of
the first quadrature denodulating cigcyit an . Q.out put of the .,second
quadr at ure denodul 38i ﬁgrfr'gitgﬁbiﬂfe?"é\’/’%ﬁi séﬁm rpfgéﬁ’ér i"t“{/e,‘ﬂém?’i As Te¢G1¥ e ncy
offset circuit for, renoving a_frequency offset renmaining i he | out put
extracted thr Gikguit Leomprises c Bkl ranghsecend  SeadruEs r@%iﬂpaui@%’é% oﬁHCPHtS
frequency offset circuit for renoving a .

Substitute shder receiving a received signal obtained through an antenna, a local

24 Cct ober 1997 . . L -10- _frequency
of f set reh@i nifreguencyhsignalugpnerasintg mirat taoupleth thahe cEisstd apdmsseondye
extracting circuit, a first filter for renoving an unnecessary frequency
conponent renguadrgture denvodylatingf aihenits rfur fgeaguating otiddde Ereqnenciesand
a second filter for renmoving an unnecessary frequency conponent renaining
in an out put detweensacradiof carmiemdyeqfeneyt ofi theuireceived signal and radio

carrier frequencies of adjacent upside and downside channels and
further for outputting the upside frequency of the upside and

15 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

N quadrature demodulating circuit, first and second frequency offset

circuits for removing a frequency offset contained in common in I

20 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

25 common in both the Q output of the first frequency offset circuit and

—_—
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In a further preferred formof this inventildy a receiving circuit
conprises first and second quadrature denodul ati ng cirduEts g3 .
recei ved signal obtained through an antenna, a |ocal frie g—Eé] BEEN
generating circuit coupled to the first and second qua ratur8 | ati pg
circuits for generating upper and | ower frequencies between a radro carrier
frequency of ecelvad ¢ gnal ?%r | ri f L ' diacent
upsi de and domw/ﬁgi e%@%ﬁngfsﬁfaénge ur h@%%ﬁ%ﬁs&'gt#lﬁgﬁﬁﬂg ngg{sc?rjélguency
as a conversi .equengy e f bk ST d erRoil Ak ]

circuit and fg’rm%‘fﬁﬁgu?ﬁ?ngrgﬁétﬁd&%éw ?eglzt}%%gfbgsggﬁ%gmgrm on egtrsg%ency

I nput to the gsecond guadr e é ' ' It~ ef Lt Steand C
frequency offiﬁq‘%ﬁchui%gﬁé%ﬂe%nﬁ# @P&e?ﬂﬁﬂf (S)fff yé? fé]ggr}it ﬁﬁﬁeggﬁg?f’d
comon in | outputs_and outputs of .the .first and second quadrature

derodul ati ng EPPURPRs WaVG | XHACHRE HIGEY extracting circuit for

extracting a conponent present ip co nin h the |.outputs of.the first
and s_econ%frequen Y 8f ?‘éré erciWE&rf%r?e&fﬁ%’éom%egeﬁ%&q&g
Clrout for e aed | g2 S0TPAIEN, B SEeiL’ RuSAIIRR. | GebShlldify RRHLAY
gzb%tcltggte(ra iggg} receiving a received signal obtained through an antgpna, atlﬁga]Q

out put of the_second frequency offset ¢irguit 6l reversed_,in polarity,_ and
first and sec&MfAUEHCYe s airgmﬁaﬂnggcm@gmﬂ ftpeah%nﬁpstcaﬁﬂoﬁ@?%
remaining in outputs of the first and second common wave extracting .
ciqeuits. quadratuge 5 demadidatipgecdrqudts 1iormegnerating | middle ofreqaencies
receiving circuit conprises first and second quadrature denodul ating
circuits ¥@r beteeerny radieceaniar freguencybohi thed recrived hsignahnandntadie

| ocal frequency signal generating circuit coupled to the first and second
quadr at ur e decavuéntfraguenciesi of ddjaceomnampsideanibpdownsidel ohannels and

i ntermedi ate frequenci es respectively between a radio carier frequency of
t he recei ved furthet foxd ousphttingarthe enpsideqdiragpieasyobf atlieaarpsidepasndle and
downsi de channels and further for outputting the upper frequency as a
conversion  downside two wave frequencies as a conversion frequency input to

the first quadrature demodulating circuit and for outputting the

15 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

N demodulating circunit, respectively, third and fourth quantizing

means for quantizing an I output and a Q output of the second

20 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

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

il



frequency input to the first quadrature demgulating circuit and for
outputting the | ower frequency as a conversion frequengy. U‘[HL
second quadrature denodul ating circuit, first and secondﬁﬁsaﬁvrg

for quantizing an | output and a Q output of the first Jquadr BEEKAG
denodul ating circuit, respectively, third and fourth quantizing nmeans T or

quanti zi ng an gl qut put a t f S ting
circuit, res p&equ{%ﬂ%& og?%’ltrg{?cﬁﬁnﬁgt R%&é‘bgﬁt E{J%%%ggr %Eﬁe? g?elggﬂl %
extractlngaco on esen o) n outputs of the first and
Ehi rd quant | 2ingaiednomRRSE Ebrmsted ERTe Vi Errfacwfﬁawa NERYY ffracting
extracting a co ent pres In co n_.the ut of the,second
quant i zi ng neéf?'rg’%a{: §£c ‘ﬁ&fﬁ}{e%ﬂmﬁg‘qoﬂﬁ?ﬂt%ﬂ{ 'Prol’fbngre%nfsreﬂ%’é‘r%ed
Isﬂbgf : ? th teygh@‘g%set remaining in the Q output extracted through the second
24 Cctober_1997
frequency bf f SOMMPP. WaVer SXtTacHBS; Aicuits (& first Silter rfog: r?‘@ﬁ%ﬂ‘rﬁ rf’d‘ in the I
out put extracted throu h the first conmon e.extracti n Ci_r qui a second
frequency of f S@DCEEFSALY ¢ freguepekGoPMpoRent Z:Eéer’reyaﬁf PUR r@ﬁ‘a&}ﬁ r@r% n the Q
out put extract ed throug Eﬁﬁhe .second common wave, extracting circuit, a first
filter for redFRAUSHCNN OLFsEE isenity apdeaysorond: Siliinder 1e@QVIng aR out put of
the first frequency offset circuit, and a second filter for renoving an
unnecessary f USGGERISATE ofieGUEAEY | eomponerh l6fk pot anf outputs of ofhe fseequdncy
offset circuit. In a further preferred formof this invention, a
reﬁae) Vi ng ci rfmqumyprdffw fcixeatit.and second quadrat ure denpdul ati ng
circuits for receiving a received signal obtained through an antenna, a
local fréddency sidnak ferthemtprafereed cliorm cofuphisdinventhon,f ar seceimihgecond
quadr ature denodul ating circuits for generating upper and | ower
i nt er nedi at e Cirequenmomprises pficst \aaldy seconéequadratuio demodelatingqcirouitsof
the received signal and radio carrier frequencies of adjacent upside and
downsi de chanfiet sregeivifigr ahmceived aigmait obeainedethrppgh &necamtenay, a5 lacal
conver si on frequency i nput to the first quadrature denodulating circuit and
for outputtingréque %ﬂﬂegamungs cirouin\coupleh tor ehgleficst angduset¢eond he
second quadrature dermd ating circuit, first

quadrature demodulating circuits for generating mlddle frequency

15 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

v downside two wave frequencies as a conversion frequency input to
the first quadrature demodulating circuit and for outputting the

20 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

25 quadrature demodulating circuit, respectively, a frequency offset
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and second quanti zing nmeans for quantizingld+ | output and a Q output of

the first quadrature denodulating circuit, respectively, third and fourth

guanti zing means for quantizing an | output and a Q output of the second

guadrature denodul ating circuit, respectively, a frequency offset

-1 3 - circuit for reaning frequency offsets remaining in the

out put s ; | aniLzgn s, a
. cﬁ%?nf %r%‘lﬂ@ tgégqﬁcéhfcy Jf?%e(g% fn?éihhfg %‘1 the 21 SutButl'S:

first (640) wave ex a COI’TpOI’]

Second 5 coﬁﬁ@nmngﬁﬁ’#‘ﬁﬁ# R e ot APERHRE mab i et
U T S T O i
P TR
R Wﬁ*ﬁeﬁf?ﬁgﬁ"ﬁ ”‘éﬁeci*.“s. e e

correl ator fotlfiln c%ﬂ"l‘&?‘gl lﬂgﬂ%f' ht%@“&o@%@t P& I‘EY {Fsvtféis‘?gdn @ Q‘ég"gf of the

t he common waye extractlp circuy,
requency offsect c1rcu1t ‘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

10 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.

15 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

\er converting circuit, a frequency-converted output of a side where no

frequency conversion is effected by the first frequency converting
20 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

25 signal and only one of the first and second quantizing means is used




15 In a receiving circuit accordi ng4dt-o 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 20

r equs e cot & ! Cy e . .
two 1 equencyl SonbariEA TRty oibd A8 SAEY SARKeRIbRTLG ThY Qﬁ“m‘ﬁt“tga' ’
extraction. means, .2 {reﬁ‘ﬁgﬂéf-}cgﬂvkﬁehh Oé]ﬁlv%'?t LORidd r\N 1S4 "frgéyency

circuit, onIy uenc verting CII’CUI IS use

accepti ng t hegéssas@g i 2$erfo§h9ézﬁ'bfrtﬂe°?ﬁxt %gq@nc&h%ohwafﬁngnglraggo o

quanti zi ng ne

2"t r aquoncy - coRRIPEECLS, I, &lsfmﬁ“@?é NernfbripE ARG "Obtain pefe o
the di gi 1 a1 FegneRey Cohyted EEAIC T %‘ E%cﬁ'f#ﬁ?f'm;or the comfibf' "°¢ ©¥
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

o/

10 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.

15 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

N\t guantizing means are used, and after the quantization by the

quantizing means, two outputs of the quantizing means are
20 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

25 circuit comprises first and second frequency converting circuits for



5 frequency-converted digital outputs nede%sary for t he common wave

extraction. According to this invention, 2

circuit, only one of the first and second quad §h85'maﬂ

Ci rcuits is used for accepting the received signal %ﬁ’ﬂAQw jut s
of the quadrature 1 0O denodulating circuit are frequency- onvert.ed By the

frequency  accEBNE" b Abketldd Wiknhl JHRARICA ﬂleJu%ﬂU%HCKnEé?ﬁl‘ﬁerﬁ%c‘i!‘t put

of a side no quadr at uPe denodul ation I's made, to oObtain two

quadr at ur e- de??géﬁéﬁc%d s9 zﬁ“?ﬁ ﬁ?"’l‘ﬁi’cﬂlf”c& ed OB Rfe VAiYEt and second

extracti on. cco IS 1nverition, In a receilving

circuit, only g e%f?é}{cy convérﬁ‘ﬁ f'crl%m %oz Qﬁ&agﬂgdrﬁﬁ?&%nﬁ?%ﬁéﬁﬁkbng

CII’CUItS IS us e re e| ve gna

oo oo o Wgen o A 55, TR o, FERVRH i, 1,
TP £ o o AR b G, B
Conda i o oS S SRS AT B Wppridpownd
:xﬁ regg;ti”oRg downside two Q}\Ear']«reer rPr)equen.cnes £ % g %%\ergrsflgtrl n].’r%%u%x%? ir{]ﬁ/ etntt' on.
the first frequency converting circuit 2 and for outputting the
_ downside frequency thereof as a conversion frequency input to the
10 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
15 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
s second transformers being grounded in the form of alternating
currents, and secondary coils of the first and second transformers
20 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

25 transformers, a frequency offset circuit for removing a frequency
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25 circuit conprises first and second fredfency converti
Substitute sheet
24 Cct ober 1997 ,
accepting a received signal obtained through an antenna, *a-0ca]
signal generating circuit coupled to the first and second frequency
conver ting Ci fgrih Seehfindh Sn? s ButRCLE I LRHE" bliffer” dplitice, Tarrupnci es
respectively between a radro carrier frequency o e recelved signal and

radi o carrier {lgﬁﬁﬁgg}%ﬁg%%gdaﬁcﬁﬂﬁemwf ﬁ@augﬂé‘gswﬁﬁ%ﬂ@e@mﬁﬂﬁngut

further for o er frequency "as a‘conversion frequency in
frequency ¢ hefboft catpuf ot ht; BRaFEREYOEEAT L0 00" Phe’ sodond frequency
addi t1 onal' y as 1 oWpRsturpE aererrey Rnaeidh (i ML & FideiPP ang
but for aned | f CUFBTF GOPBHSRY (Lot puteb B dreaahey; CRRYeEahe irFAtEgrok | ng

i ng. pr i mar JCEORHRE R oBEeRTA ShERAooRUIned offvpiEl” B ehERRRr & IaRAl Socon

buffer anplifiers, the pther ends of the primay,coils of t.he first and
second transf STGAYeRCHe is}&j‘agr SERCfAHIng, cﬂlﬁ’é&f &r“:‘#’!ﬁ‘i)atlot éﬁ?’la{lfﬁg apd, serend ang
secondary coils of the first and second transforners be&cﬂ% cfou l ed.in
paral l el to eArGAUATIRY: GORVEEHBEJSMBIt dor paensrating Biddlge IFequricietoi | s
and one ends of the secondary coils equal in p&érity tQ the pri rlyaégoi | s
i s\used as an bgtwpem acradipafamien draquensynef $CefIVEReS n#R¢ y1ABP| s
aregrounded, a third buffer anglifier for accepting an output fromthe

o :

first and @eceatrier dffequencics, of 1djeqerhoipside send cdownsider ghapasbsyiang a
frequency

g circuits for

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
15 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
20 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

25 accepts outputs of the first and second buffer amplifiers, the other
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Substitute sheet -17-

24 Cct ober 1997 THIS Sl 3 fif set
remaining in an output of the third buffer anplifi r,’gnsf}'ETf} @FE or
removi ng an unnecessary frequency conponent renai nitag—n.a put of the
frequency offset. In a further preferred formof this invention, a

recei vi ng ci rgﬁaé e@f;{{géhﬁgﬁg{{g{ ééblgngf Stg%?ﬁgstf raﬁguggg &%fb%@ggsgiﬁéiﬁgt s

for accepting arne rough an antenna, a

f | PLFd "l _
{requency iéﬁ%@llﬁ?ﬁges&?i‘hgﬁﬁiiﬁ e ERHERF o)t maltRe; Gifienfly ol 3PCandary.
t ' i )
signal ‘and  afPHScf thls?ﬁr?%éﬁ nePed b Satabhits eB ORI, I AR
t ' he. . i
Freduency | npif G5 othes A8 Bedastiafie Vibh Belartdey o iy Brifaliy Goils

outputting the |lower frequency ag a conversian,frequency, input to the .
second fr%queﬁ@? E%éﬁ/é}fte&@ S@%PE@?’B’, oot s?q‘é‘ﬁdl’%eﬂ:@ﬂﬁ%itﬁ gﬁ“erﬁﬁ%my coils
anplifiers for accepting outputs of .the first, and.second fr enc
converting ci keised ?ﬁr%gwtipﬁﬁu'termlﬂgs ,W*fli"r dhepthereends, qtﬁ?ﬁarsﬁ/qqpélary
circuits, serving additionally as | ow pass filters, for correspondingly
accepting out 6§ afe @fclepst froypde e’é’oghe oqroFFér‘gnﬂtS?“aéH’pﬂ iATERILS, 14 5y
and second buffer anplifiers for supplying outputs of the first and second
i ntegrating ctiigdi ngfeﬁe&mPIftﬁr ﬁqkiat:geaungeeaﬁww%rﬂlsnf%mﬂd SEaangf
each of the first and second buffer anplifiers to a ne?ative I nput side

t her eof , firstramsforyaersndmeanssfer OMParing nap t eretpyiinel cihes thirdt bwdternd
having primary coils whose one ends accepts outputs of the first and second
buf fer arif amplifidhewithhan average of the output of the first frequency

Substitute sheet
24 Cctober 198@nverting circuit and the output of the second frequenzy

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

15 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

s/ in the output of the third buffer amplifier, and a filter for removing

an unnecessary frequency component remaining in an output of the

20 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

25 connected therewith.
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ends of the primary coils of the first andldgecond transformers being at

| east grounded in the formof 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 out put

term nal while theypt -k he .se cQi | a east
18 chtgorggﬂﬁ? E\g’lt%lu?}%lg ﬁWh‘iln"Ho}ﬁ, |25 rBLG v PURTEH: Althé

to alternating currén ranmplitrer for accepting outputs of

the first d f . ' : -

third bufor 818 APt Ren oy aEal ot PhsHE e Mg B0k the “pribfify..

ti ' It t h oyt of . t]

cirout to coPlots tmmmsafesl bl dhinf, BfrEN prabiAKE R of BB R sad g
[ its, f ' t. fi th hi.r.d f l.j fi t

Feedbacked t oeBfleobrHEnSeqndly SR banthl by atBhE sOc e er Ry ol ek

correct. agéji fference e%ween .tEe outputs of the first and second frequency

converting ci cOBAested, theRewithy offset circuit for removing a frequency

of fset remaining in the output,of.the thi.r uffer .ag%ll'.fier nd a filter

|

hj.r d
for removing an unAbcESELVIREs FUGHEN@FC Sng(ht tord gn; fucther ¢ put of

the frequency offset circuit. In,accordance with this.invention,
in receiving ermprises dagalofeequencyr seperating Hagans cmaluding & digsti
polarity fromthe primary coil is connected with the thirg buffer anplifier
in place of tKeequeacyr signalssewicgafor ganerating a; sigpal avithy a; raqwensyi mary
coil being connected therewth. . . . .

-1\8; equal to pncamtesr feaquenayt af & idesingdereqedwing signale dirsti ng
circuit, the one end of the secondary coil different in polarity from
the prindr§ meanscdor deceptingeat signal t froohahenfirst Brequencynpignal esoytige

pl ace of the end end of the secondary coil equal in polarity to the

prinmary coil beiplyase-shift thanactepded t$ignalnvibyh.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
15 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
20 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

25 frequency signal source for generating a frequency signal equal to a



A receiving circuit according to this invent®on further conpri ses

| ocal frequency generating neans including a first frequency signal
source for generating a signal with a frequency equal to a carrier
frequency of a desired receiving signal, first 10 neans for accepting a
signal from the first frequency signal source to phase-shift the

accepted si gnﬁumraf&aagﬁg?napr& dRsidedl &Léegyie@iﬁ]gri]%x;al, fif RS BRGins! For

frequency of e accepte ghal ; a second st gnal source

for generati ”%f%ﬁégiﬁxguﬁggi/%ﬂlgﬁﬂm edalkirko fﬂéﬁegx‘;%ya signal séﬁx"d&“%‘cyhﬂ%a””e'

spaci ng, secon ccepting a signa t he second Trequency

20 e RIS i SRR g Uomn o1 R Soga D=

phase anount o ul ator conpr

mul tiplier forgragald Nk the SdRptd abial, " 8econd HdlfuehlchStidhd S6GY
dam?léfilp er recervrng

frequency signal “sources an for ng Two srgnal s

quadr at ar erodStaesheia PTG slkhal BoodDRCL2°RE & BROBBAcy . o

quadr at ure”no
(1 oo S0l R ALY SheRY means AFCRIARGELICHRpAD R BRVLCCS,
}[ﬁ C|t B 'dlsn igméep f i g?)niiu rff‘erh%rency signca? n'%linsc%s toI Olgﬁalsetéheigtu%mi‘}{eqqleeql%[yatoifnghge ans
accepted signal by a phase amount of =/2, multipliers for receiving
\_ the two signals from the first and second frequency signal sources,
10 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
15 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
o by a phase amount of n/2 in relation to a frequency of the accepted
signal, a quadrature modulator comprising two multipliers for
20 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

25 means for analog-to-digital-converting first and second received



25 frequency signal source for generating-40frequency signal equal to a

-19 - carrier frequency of a desired receiving signal, first
nmeans for accepting a signal fromthe first frequency signal source
to phase- shift the accepted signal by a phase anpbunt of [err]/2 with
respect to a frequency of the accepted signal, a second frequency
signal source sighals (dHtaflfedP thbduith ord e&weﬁey?egaea& y EditVertinel /circiliss
frequency annel spaci ng, Second neans accepting a signal rom

t he seco f gn f LELIE CFo he
accepted signa @ﬂ%yﬂggp ase gﬁ%uﬁ% gﬁ?glgﬂgaﬁﬁtﬁﬁ*ﬁeﬁgdfgr recelvﬁﬁg}

the two signal gahiRifidie Fbt saﬁcepﬁn; Btal "SGR Yof I HBboSRYY £ igith 0

and neans for |nvert| ng t

mul tipliers to.add iy RALAY t)ﬂf\eélﬁeléﬁrv% QUEBtheléé&ra?oP c?:@bpﬁfg tolﬂx"?puts of

other nultipliér. el Vi n’g circui accor

netudi ng 3 1 raiudinsy 238 SRIOREFQRR SBRERRY AR TR < gna

equal to a Car&'n%i)onent 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
Y of the first and second Fourier transformers, and means for
10 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.
15 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-
20 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

25 the received signal, an adding circuit for adding a delayed pulse



frequency of a desired receiving signal, m2dns for accepting a signal
fromthe frequency signal source to phase-shift the accepted signal

by a phase anmount of [err]/2 in relation to a frequency of the accepted
signal, a quadrature nodul ator conprising two nultipliers for 20

accepting a frequency signal fromthe frequency signal source t hr ough

the phase shi %H?g@&gcﬁﬁﬁgi gf?ﬁf'sef ?faéﬁ ”ﬁ%ﬂ%@?ngmpﬁng tcfl]cgé’l& 3gérlerafdr, 2"

out put of one ers and for

polarity| nveriditheOhP hrdvidity hE PIse! uhilf RORCmEAhBLbE cloc

I n accordance Wwth ¢ I'nventi on, ‘& réceiving circuit €s k25 means
21, anel o0 oghghah-GRPER. e DA RSkl SRR muts.for e
LS anhle e BEH SAGSSRT R SHsT Lok, FidataRRC
anal09: 04! Sk Blpapent of o0 HERENTns SRASEL HERL SnG0 diobal dulell
frequency 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

10 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

15 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

N train from the sampling clock generator, means for providing the
pulse train from the sampling clock generator and the delayed pulse

20 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

25 delayed pulse train from the delayed pulse train adding circuit take



conponent, a wei ghting function device for-2&cepting an out put of t he

correlator, a weighting value nultiplier for accepting an out put of

t he wei ghting function device, an adder for accepting the outputs of
the first and second Fourier transformers, and neans for 10 inputting an
addition result of the adder to the nultiplier, and an I nverse

Fouryer Ll anstoidEiiyd@ iR SR Al LiE BldAGCECL AR hding 1o /0%

mul tiplier, where an i1 nverse Fourier or me

i nverse Fouri %ecﬁ&&{%%fm?ﬁei&eéﬁg qleiie Igﬁlgfi wave extraction
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][grcei ving 2ar ryihn roﬁig %gélﬁ%%ggﬁzﬂ} ﬁgﬁﬁviﬁf?ﬁi%gn%teg fg&%ﬁ?%ﬂf%fggﬁ d‘al ator
L, gy (AR R R R R el MR
quadr gt ur eg) deré?_gﬁ}' %‘?0?‘?1158 e{’*ﬁ“ﬁ‘% s aﬂﬁ?ﬁg%_*%ﬁ?ﬂcq ﬁf%gaca}'ﬁfgi’apdmg to
0ot anat oo N TBHRE Soh Pk s ot R R o i
Reekel o o T o A PR WA S 7

In a further preferred form of this invention, a receiving

" circuit comprises received signal inputting means for receiving a
10 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
15 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
N delayed pulse train as an sampling pulse for the analog-to-digital
converters, and means for extracting a desired receiving channel
20 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



-21- train (sequence) to a pulse-23in fromthe sanpling clock

gener at or, means for providing the pulse train fromthe sanpling
cl ock generator and the del ayed pulse train as an sanpling pul se for
t he anal og-to-digital converters, and neans for extracting a

gquadrature 5 conponent of a desired receiving channel signal from

In"a furcner shanarh SIBRE, B bferalA Wahy i SUeRysHCPYR, Hain adding

conprises recekved signal inputting neans for receiving a recei ved
signal from a¥'fénna, a quadrature denodul ator for 10 carrying out a

[ cavenoy comiet ABoBLARE Jn sk SEE Bl lencion BTG BRgEe! Vel
t for. Li ' |, of th dr at

Comvers <t OLiRSAEP Aot 0 the HF' e, 5, g o RBRE S

IR T AT SRR RN R

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
10 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
15 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
o from the sampling clock generator and the delayed pulse train as an
sampling pulse for the analog-to-digital converter, and means for
20 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

25 frequency converting means for accepting the received signals, a



than a frequency corresponding to a bandw-ad#h of the received si gnal ,
an adding circuit for adding a delayed pulse train to & pykSSiceT HAS BERN T

fromthe sanpling clock generator, nmeans for providi ngJ“[ he  RpepLAdHf Se
train fromthe sanpling clock generator and the del aye —pu-L-s-e—ﬁ%——-t-\c—a-ian-as
an sanpling pulse for the analog-to-digital converters, and means for

(racti : =l |
i anal from dia o P aLt THE Ribpl Ping] £PTRE RN IGbnd freqldlBR0P o1,
wherein one. OLoUEfudle! MEgts Pubsukbat 18 horaAIReY Shrodyced, 3 (SRNidHE
Lo5u " 1TOm NG AELRURC AR GFTLR BECH"Ghet Slaclff Brequency. t0 8041 ng 1o
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sccot dance wi ARSR S CHAREY Rbab ey Hrsf o TR Eng AR gpto-digital ) ("
train i ted f h | i teO t
Ul o trafh ¢ SRRRGTTRRs cRereprie: AaetaIR  froa el fBiee il  GRond R,
relative to ac&r“% Lif'\nngcymggng,hg gaer%'ph?lcgi Cci]oacrkneglenséirgt%%l fci>rs 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

10 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.

15 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

20 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 Ha

i



generated fromthe del ayed pul se train addRdg circuit. In a

further preferred formof this invention, a receiving circuit
conprises received signal inputting neans for receiving a 1 0 received
signal froman antenna, first and second anal og-to-digital converters
for accepting the received signal to convert the received signal into

a digital signal, g %a%{y 4419208 OfeatBRICOR! BHe fﬂi‘éséiﬁnﬁi\%dt{&l will beddmkhe

first and second analog-to-digital converters, a cloc

frequency hig t?@% f£ e Yerof theP Bﬂbﬁz‘i’n% ?ayZ%Hd‘@egéﬂpﬁfon Jof5tﬁé16

recei ved signal, an a IrCUIt or ad |ng a pul se

to a pul se trajlptf éxﬂﬁo Qaﬁéﬁ’c ru?ltc n "WithS thé' accompanying
rom | he

provi di ng the*pul'se train e sanp Ioc generator and t

del ayed pul se as._a l'ing puI se for t he anal og-to-digital
AR MERT 19, o 7 T e el

converters, tacting a desired receiving channel 20 signal
rthrta, SR N R i
Ul ﬁ%&%@ﬁﬁﬁw 15 8 O Hb oS SR pgoncon:
corresponding to [ gl h2ia %locﬁés%gératlﬁ) ”egue”%&f,génﬁgnﬁ%%' ged
receiving circuit according to a second embodiment of this invention;
Fig. 3 is a block diagram showing an arrangement of a
10 receiving circuit according to a third embodiment of this invention;
Fig. 4 is a block diagram showing an arrangement of a
receiving circuit according to a fourth embodiment of this invention;
Fig. 5 is a block diagram showing an arrangement of a
receiving circuit according to a fifth embodiment of this invention;
15 Fig. 6 is a block diagram showing an arrangement of a
receiving circuit according to a sixth embodiment of this invention;
Fig. 7 is a block diagram showing an arrangement of a
N receiving circuit according to a seventh embodiment of this
invention;

20 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;



- 23- channel signal is generated-2fmthe del ayed pul se train
addi ng circuit. Mor eover, in accordance with this

i nvention, in a receiving circuit, in addition to the pulse train
fromthe sanpling clock 5 generator, a plurality of delayed pul se trains
t aki ng a phase difference tine corresponding to [err]/2 in relation

to a frequency of . LhLed | I f th
del ayed pul se FIFF aildnqu%iqﬁgégi?@gﬁmeéh&wﬂ@ ana%ﬁ‘laﬁﬁg eﬁ&r ?ﬁferar omine

preferred formof. thjs.J ntj .a_receiyi | ' C@@ ion:
recei ved si gngpgéwpﬂétflﬁéxﬁeéﬁéo@é@gr@cg’: ﬁ”?% aeﬁpoodih{eglggﬁ/e sirfgrjﬁg tlforn om
an antenna, an ana - tor di gi tal . | I ved
Si gn?! to Icon\liert tlﬁg r@cé#%oﬁgf;gﬁ@é%ﬁ}ﬁgsg&hng andpgﬁﬁgpmsel!ﬁgn%f% ;ecel v
sanpling cloc eneratoy for .atipng, to,th aal og-1p-di.git al
converter, a EPgwlﬂgtﬁ"ﬁ“’ftr éﬁ%@ﬁ@g H}gﬁé’r %ll?\%\‘?eptg E@@%ﬁﬁgnég i 2
cprrespon%ng .o a pandwi dth of the received signal, an addi ng
circuit for ad@¥§8tPRe| ayed pulse train to a pulse train from t he

FapLi g, o o0k, 9enGugt oy R ake) BB HASWHAI A bl of o 17O
receiving circuit according to a twelfth embodiment of this
invention;

Fig. 13 is a block diagram showing an arrangement of a

10 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;

15 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

s receiving circuit according to a fifteenth embodiment of this
invention; |
20 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

25 invention;



sanpling pulse for the analog-to-digital c erter, and neans for 20

extracting a desired receiving channel sigral”™ from digital output

data of the anal og-to-digital converter. In a still further
preferred formof this invention, a receiving circuit conprises

recei ved signal inputting nmeans for accepting received signals froma

plurality of antennas, first and second 25 frequency converting neans for

accepting the receifigd 19 d9ad dloek diagram showing an arrangement of a
Substitute sheet

24 Cctober 199¢ceiving circuit according to a seventeenth embodiment 26f -this | ocal
oscillator for supplying, to the first and second frequency converting

neans, an out Ryegtich;f requency produced by providing a frequency offset of
1/2 of "a channel spacing frequency to a desired carrier frequency, first

and second anal og- g dixgy ti@'atmgﬁrxﬁmhﬁcf PlevAGERBiI For dedbabing rPMbé41e
first and second freéuency convefting neans, a sanpling clock generator for

generatings t 1ﬂ:ﬁ,al - fHiddhb! irf Odtn a ofl gis Mhvéntiohs equency
hi gher thgsn aqfércﬂ'geue cy&ggégeg}o%hg?né to gbggfr}gl\}\}sdtdg of the re(g%i ved

signal, an adding gijpoUist i of Hidek Garalh! Wil aRC abrafgBrict dopl s train

fromthe sanpling c¢l'Bck generator, ne for providing the pulse train from

t he sanpling K- gen r : I tL.a1 i ng
pul se for thquggll gggt gifr |gi ? W(‘:%ﬁgegfe@}s/%q%ﬁ%lerﬁre&lanélﬁngﬁéiﬁaif??ﬁigs a
desired recei \{bggngmnel signal fromdigital output data of the

a

anal og-t o-di gi conVerters.
(% Fig. 22 is a block diagram showing an arrangement of a

10 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;

15 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;

20 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;



In accordance with this invention, in a reggiving circuit the |ocal
oscillator for providing the output to the first and second frequency
converting means is provided i ndependently so that | ocal oscillation
frequenci es are frequencies produced by providing positive and negative
;requegcy of fsets of 1/2 of a channel spacing frequency wth respect to the
esired carrier freqgquency. Furtherno I n accoydance with this
invention, in a reki. v?%glscﬁpclnl%s“m eé&?v%‘hp‘éqr&?ﬁgloé‘ P pfied to
the first and second anal og-to-digital converters w thout being

frequency- conneg&twe frequency megiengRBPeARAE silk e tVERLY O?PQQféiterrrs

‘upsi de" and "downsi de" are used interchangeably vmth the terns "upper' and
"l ower" respemh()dempnlnofeﬂumtm’etmlm,equency and channel. As used these

terns have the sane neaning. .BRI.EF DESCRI PTI ON OF
THE DRAW NGS Fig. 29 is an illustration of a method of diviging a signal
The object and features of the present invention wll becone nor e

readi |y appar eoinponent tinto f ghadraturg ¢empansatsicarthet besisopft aecosine
preferred enmbodi ments taken in conjunction with the acconpanying

drawi ngs i n whimdtion aad a sin fuf¢tgon by mitilizingca mlli’agﬂmsesdtfﬁ&mcanm the
arrangenment of a receiving circuit according to a first enbodi nent of
this inventiotwenty second entbadinienitsofi thiscinvéripmgm showi ng an

arrangenment of a
Fig. 30 is an illustration of one example of a quadrature
L/ sampling operation in the case of A/D conversion of two orthogonal

10 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

15 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
A performing the quadrature sampling operation shown in Fig. 32 in
the twenty second embodiment of this invention;

20 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

25 third embodiment of this invention;



receiving circuit according to a second eopgdi nent of this invention;

Fig. 3 is a block diagramshow ng an arrangenent of a 1 0 receiving
circuit according to a third enbodi nent of this invention; Fi g.
4 is a block diagram show ng an arrangenment of a receiving circuit
according to a fourth enbodi nent of this invention; Fig. 5is a

bl ock di agram showi_nhg arrange t of a ., receiving circuit according
Co a fifth enbodi nEig. 4b %%ias%ﬁrﬁﬁmfﬁ}n shosving an angangergent of B ock
di agram showi ng an_ arrangenent of, a receiving, ci rCUi(ﬁ accorgi to a
si xth enbodi nienreiving wiecuihageording to a twenty fopgh embodimangcR dﬂ’gﬁram
showi ng an arrangenent of a receiving circuit according to a seventh
enbodi nent of 1ryemtion; i nvention; 20 Fig. 8 is a block diagram
showi ng an arrangenent of a . receiving circuit accordjng to an, ei ghth
enbodi ment of thisFig. 37 isamddllystration of a quadratyre gsamphing| epgragionyifim
showi ng an arrangenent of a receiving circuit according to a ninth
enmbodi nentS of thehicase neE A/ nconversion of two orthogonal signals in the twenty. 0g.
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
Y, invention;
10 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
15 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
ot twenty fifth embodiment of this invention;
Fig. 42 is a schematic illustration of the frequency disposition
20 for the Japanese standard digital type automobile 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;



Fig. 10 is-a block diagramshow ng an arrangpnment of a recei ving
circuit according to a tenth enbodi nent of this invention; Fig.
11 is a block diagram showi ng an arrangenent of a receiving circuit
according to an el eventh enbodi nent of this 5 i nventi on;
Fig. 12 is a block diagram show ng an arrangenent of a recei ving
circuit according to a twelfth enbodi nent of this I nventi op;
Fig. 13 is a bl ock Figadvais shdlpek @ﬂgmaﬂw’m& an ag'angemcn;e%fgla\,, ng
circuit according to a thirteenth, enbodi nent of this I nven
Fig. 14 is a BeetiNing eirewit sarsardingtoads awg%%mxf&f eanbodlmcnteeg ‘3!1?19
circuit according to a fourteenth enbodi nent of this I nvention; 15
Fig. 15 is aninveotkamgti on of a concept of a transformer in the
fourteenth enbodi nent; Fig. 16 is a block diagram show ng an
arrangement of a Fig. 4%edsia Mgck.dwgramwwmgwgnt arrangemea reh a
enbodi nent of this I nventi on;

5 receiving circuit accordlng 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
W, invention;

10 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

15 invention.

MOST PREFERRED EMBODIMENTS OF THE INVENTION
Prior to explanation of preferred embodiments of the present
s invention, a description will be made hereinbelow of a logical
ground supporting the present invention. First of all, the description

20 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

25 indicative of BPSK information, i.e., 8k = 0, &.



20 Fig. 17 is a block diagram show,ng a concrete arrangenent of a
receiving circuit according to the fifteeﬁ13 ‘enbodi ment of this

i nventi on; Fig. 18 is a block diagram show ng an arrangenent of
a receiving circuit according to a sixteenth enbodi nent of this 25

i nvention; -27-

Fig. 19 is a block diagram show ng an arrangenent of a recei vi ng
circuit according tWhensévisnbesehande sbgnilnisitmofluldted with a icarderi amgular
Fig. 20 is a diagranmmatic view useful for describing a |ocal 5

frequency set tfreqgnemtyhadlc, theniesdltimntmodilatdd sigmale S ds;expressible as Fig.
21 is a block diagram showi ng an arrangenent of a receiving circuit
according to #olleovwdt eent h enbodi nent of this i nventi on;

Fig. 22 is a blockgdia a%iwo%‘a“&s%céirs%“ééﬁ?fgﬂfx% cos (mct-%n:)
5 Ac=axA, 6k=0, =

=Accos (oct+ 6k)

(% When this modulated signal is received and frequency-
10 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

=Ac-D 1 oos{ 200t + 6k } + cos{ 6k }]
15 2
if using Ac2-b = AR
L
= Agr [ cos{ 2mct+ 0k } + cos{ 6k } ]
20 @

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.
25



1 0 receiving circuit according tgpa nineteenth enbodi ment of this

I nventi on; Fig. 23 is a block diagram show ng an arrangenent of
a receiving circuit according to a twentieth enbodi nent of this

i nvention; 15 Fig. 24 is a block diagram showi ng an arrangenent of
a receiving circuit according to a twenty first enbodi nent offthi S
inventiong _ Fig. 25 is a concgpt illustration of a transformer
in a tmen?&F_ARcoée@&d enbodi ment of t§£§¢’n\7%ntion; 20 Fig. 26
is an illustration for explaining a state of an alias generated as a
result of sanpling by an A/D converter in the twenty. (3) second

enbodi nment _of this invention; Fig. 27 is an illustration of a
state of alMONENef; rigned dfindhe tecgiving freﬂHPﬂ?chle!brﬂiﬁniMWn system
in this invention, - 28-

Fig. 98311 atign frequeneytsignabis et D @oregual do the warrief th a
5 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
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
15 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
20 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,

25 according to this invention the local oscillation frequency of the



negative frequency region appear| ng in thestwenty second enbodi nent
of this invention; Fig. 29 is an illustration of a nethod of
di vidi ng a signal 5 conmponent into quadrature conponents on the basis
of a cosine function and a sin function by utilizing a [err]/2 phase
difference in the twenty second enbodi nent of this invention

Fig. 30 is an illustration of one exanple of a quadrature npl i ng
operation in reeeivesdsosetate waddler yabiesomwithurespesiodonthe fllewef@ilifnzﬂfs in
the twenty second enbodi ment of this invention; Fig. 31 is an -
i | lustration &heiadjacent ochannealsi bi ng quadrat ure sanpl i ng taking

of fset in consideration; Fig. 32 i.s an illustration of an
exanmpl e of a quadraﬁeaoadly, a deserpption wplérhcutakem hergishelaw oin t hose of
Figs. 30 and 31 inthe 1 5 -case of the A/D conversion of two orthogonal
signal s in theonjandtion with equations rinotémentofofanbtlier poimniofothis

Fig. 33 is an illustration of sanpling pul ses obtainable in
per f or m ng t hénvemtiomt whichs ahph sn domp etoa tonstredowircuitsF( whid? will be t he
twenty second enbodi nent of this invention; 20 Fig. 34 is a block

di agr am showi mgemtiored datprdesd that ahe 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

\s and the local oscillation frequency for the frequency conversion in
10 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

=Acb { @ct+ 6k } cos (@c + ®o) t
15 2
if using Acz'b = AR

= Agx [cos {(2oc + ®o) t + 6k} + cos (- wot + 0k)]
20 4)

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

25 wo.



receiving circuit according to a twenty thggd enbodi ment of this

I nventi on; Fig. 35 is an illustration of a quadrature sanpling
operation in the case of A/D conversion of two orthogonal signals in
the twenty 25 third enbodi nent of this invention;

- 29- Fig. 36 is a block diagram show ng an arrangenent of a

receiving circuit gccorging to.at ourth enbodi ggntnpof_this
i nvention; §RF‘&Rg€ C8% (?@oﬁﬁr\é]ﬁ Lst rati on of quadr’&t ure sanpl i ng
operation in 5 the case of A/D conversion of two orthogona&s)si gnals in

the twenty fourth enbodi nent of this invention;, - Fig. 38
Is a block diagram showi ng an arrangenent, of, a receiving circuit
according to a tweSubsequentlyanthsdilecalt ossillation ffequenﬂﬁv’énﬁ?brg?? Wfg- @O
Fig. 39 is a sinplified block diagramfor describing one operation of

a sanpling silpwer pynaratthan thsucasrighfrequency eigeof a desired channel. In

5 this instance, the frequency-converted output Sj, becomes as

follows.

St =Sc X bceos (e - wo) t

Nt
=Ac-b o {owct+6k }cos(wc-wo)t
10 2
if using AC2 b_ AR
= Ag [ cos { 2oc - wo + 6k } + cos {wot+ 0k } ]
..... (6)

15 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

o/

which is also equal in phase to the output SLF.

20 SLr = Ag 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

25 the carrier frequency is taken as wch, the signal of the upside



twenty fifth enbodi ment of this invention;35._ Fig. 40 is a

sinplified block diagramfor describing another operation of a
sanpling signal generating source portion in the 15 twenty fifth

enbodi nent of this invention; Fig. 41 is a sinplified block

di agram for describing a further operation of a sanpling signal
generating sou&,ce portion 'in t he twenty fifth egbodi r{Ent fﬁ)& t hi,s
invention;  adjacent chapnel assumes, achzAcCi%t 99, aRd Bgncs the e$31dquency

disposition 20 for the Japanese standard djgital type autopobile
t el ephone systesgption s1 eféleql_b‘-’rncd’e§@ﬂi"6¥ﬁ1% B P&f%QXE%tdy ag i?ﬁgﬁ’ﬁbod‘fnéhﬁ of

this invention; . Fig. 43 is a_schenatic il]ustratjon of the
channel di spomiodudatedopignal is gpeelysganndcther dperlr @seillation froqueengt dosbi | e
t el ephone systemin Fig. 42; . . .

-3 0- the frequemcy. canversion finodie BeaeayeImis Hehi tog h+aPPadgenent of a

receiving circuit according to a twenty sixth enbodiment of this |
i nventi on5 mentioned before, the frequency-converted output Sgrp is given as

follows.

Sru=SchXbcos{wc+wo)t

~ Acy-b

Lo = Cg [ cos { act + 2mot + 6h } cos (wc + @wo) t ]

if using AC+'b=ARh
=Arn[cos { Qoc+3wo)t+6h } +cos { wot+6h } ]
is (8)
If this frequency-converted output Srp is passed through a
low-pass filter to eliminate the high-frequency component 2wc, the

N’

resultant output Sgrh is given as follows, thus producing a BPSK
signal present in the same band as the desired channel.
20
Srrn = Arn cos (wot + 6h )
6h=0, (9)

.....

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

25 - 2mwo, and the aforesaid reception side frequency conversion is



Fig. 45 is a block diagramshow ng an arranggnment of a 5 receiving
circuit according to a twenty seventh enbodi nent of this I nventi on;
Fig. 46 is a block diagram showi ng an arrangenent of a recei ving
circuit according to a twenty ei ghth enbodi nent of this _ i nvention; 1
0 Fig. 47 is a block diagram show ng an arrangenment of a

receiving circuit according.to at ty . ninth enpodi ment of thi

i nventi on; an@arrxec? out as fgqli(t}“!s-48ﬂ?§‘% lg¢ Qsﬂmﬁp&ﬁ@%\ﬁpﬁé ah the
arrangenment of a . receiving circuit according to a thirtieth

enbodi ment of re¢giver is setripemrci srwo as noted beforavothe HReGEEEELCONBEICNENTS
OF THE | NVENTI ON Prior to explanation of preferred enbodi nents
of the presentutput SgEmnbesomss, ag @Ws.ption will be made hereinbel ow of a
| ogi cal ground supporting the present invention. First of all, the
description 20 starts with a binary PSK, i.e., BPSK, which has currently
nostly been enpl oyed in digital mpdul ati on ways. A BPSK signal SB on
a base 5§ frequdrE Sc1¥.b ceai@Ean@0)its expressible as fol | ows.

S[err] = Acos ([er]k) )

=Ac1~5

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

if using AC{ b_ Am

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

If this frequency-converted output Sgri is passed through a
15 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)]
20 11
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

25 owch =wc + 200, and therefore, when the local oscillation frequency is



where A represents an anplitude, and [err]B7designates a phase 25
I ndi cative of BPSK information, i.e., [err]k =0, [err]r.

-3 1-
angul ar

expressi bl e as fol | ows.

When this baseband signal is nodulated with a carrier
frequency [err]c, the resulting nodul ated signal S[err] is
Slerr]= S[err] ([err]k) x a cos

[Ze”] ct + 9 eEorc]— goe,rz{ﬂeg fieq[ueernrcl') cOnversion el‘Irlili ¢ tas- fél%vrvl. )First, if the

Alerr]= a x

[err] k)
... (1)

= . . =, Alerr] cos err]ct+
Amclcﬁflalelﬁ_[s‘laéﬁzh’ 14 erreE:Lwed and the local oscxllatLon }requenc()g or]
n this nodul ated signhal js received and frequency-

WA
10 convert edtif tfHCWQ%S’aFOP?’E{f&%CW the TPCEIYET Aist selytRn@¢ BN @ssneted t he

- d SR b ' fqll )
Ly cauency. conygeigd B TR P Rofebd Bulfh’ Ui Bcomen g iploPpoct +

[err]k } 5
A
10
15
N
20

+ cos{ [err]k }] 15

Sin=SchnXbcos(wc-wo)t

Ach-b
2

[ cos { wct + 2wot + 6h } cos (e - wo ) t]

if using AC;"’=Am,

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

If this frequency-converted output Sph is passed through a

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

resultant output Sy rh becomes as follows.

Srrn = Agrn [ cos (3wot + 6h ) ]

6h=0, =

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



If using [err] =Alerr] 3g- Alerr] [ cos{ 2[err]ct +
[err]k } + cos{ [err]k }] 20

(2) Further, this frequency-converted output S[err] is passed
t hr ough a lowpass filter in order to renove (reject) a
hi gh-frequency conponent 2[err]c, the resultant output SRF becones
as follows, thus al low ng the denodul ation of the binary PSK, i.e.,
BPSK. 25 frequency of the receiver is set to @c - wo as nogect beforé, the
Slerr] = Alerr] COS ([err]k) (0 ¢ [err]
..... (3) frequency-aonyesied SOutpEti SLuhis given \aISnEPHQ‘Eﬁuency conversi on
t he | ocal oscillation frequency signal is set to [err] equal to the
carrier 5 frequency, this local oscillation frequency signal radiates
fromthe receiver into the air and can interfere with other nearby
‘recei vers. SLi = Sa % beps (ee®oih, the |ocal oscillation frequency
Is set as

5

A

= Clz'b[cos{(coc-20)o)t+91}cos((oc-c)o)t]

if using ACé'*’:ARl
\./ =Ap [ cos { (20c-3wo)t+61) } +cos (-wot+86l)]
6h=0, ©

10

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

15 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
20 frequency is shifted upward by o, the output takes the following

three kinds.

Srp=Agrcos(-wot+6k) desired channel

Sren = Arncos (wot+6h) upside channel

25 Sem=Agricos (3wot-61) downside channel



follows to elimnate such a problem Fig.-20-illustrates a nethod of
setting the local oscillation frequency according to this invention, 10
where character A indicates a band of a desired channel with its

carrier frequency being [err]c, character B denotes a band of an upside
adj acent (upper nei ghboring) channel, whose carrier frequency is
[err]cu, and character C depicts a band of a downside adjacentl omer

nei ghbori ng) channel which has a carrier frequency of [erthl( %h

spaci ng between thg carrjer fre enC|es of, [ td v nel S
_?_Eprgxi (rjrat ely four&PF%sth ?‘he %s@v*’r"?‘eg%“eﬁ@ggg@f?‘ﬁ““ﬁ‘@n i anftﬁBSK

e bands of the res tive channel s ass rrier r.equency 2
[err]b. Accoré‘i’wgmr - I%a?ﬁ%r&mpgﬁﬁ?ge% ﬁnf WiRe thgee c‘ﬁ‘rntdc§3pond| ng
to the base frequency 2[err]b from the respective carrier
frequencies cone to gorge positions between the channels. Even if

the channdl s are. hSLE &#g@éﬁg"%ﬁ- o1 1 or encen TARHRS rARBELof
according fo this TH ”E BropRCHRRBLF BT Tar ot ?eﬁ{;égtémmnq he
SLa = ARI cos(wot-61) downside channel
- 17
\_/ The common component of these two groups is presemt in only
10 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
15 and can be embodied as being described in the following
embodiments.
N Fig. 1 is an illustration of an arrangement of a receiving circuit
according to a first embodiment of this invention. In Fig. 1, the
20 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

25 radio carrier frequencies of the adjacent upside and downside



- 33- receiver is set to mddle v4dhues with respect to the

frequenci es of t he adj acent channel s. Secondly, a
description will be taken hereinbel ow in conjunction with equations
in ternms of another point of thi s 5 invention which shows how to
construct circuits (which wll. mentioned |ater) so that the

dermiul o9, LEfREELIhg mmss oo o 8, B s
above. Wen a rmdul ted signal s re ocal oscilla
frequency fordPWé‘s¥ ‘gagﬁn gﬂgFB‘Ffanas 1% c?’h‘écrﬁlé)&’eef\'l% UGHCY; PR} 0°
SR becones asthe el teh%réﬁgybgél?‘?éernr%‘%x{«{ 08 cphile, oytpudity dherc o P
%E;H gg : 1 sdownside fre,quenceyr ras a congresrur) C%requ«L,lenr:)r' i(n;}utlcft)g &%3{:@}9 ]i+:
ALerr] 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
10 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.
15 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
Nt obtained through the antenna 1 is supplied to both the first and
second frequency converting circuits 2, 3, while the local frequency
20 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

25 signal, the upside channel signal and the downside channel signal.



= Alerr] [cos { (2[err]c + [err]o) t + [er4]lk} + cos (- [err]ot + [err]k)]
0 (4)
If this frequency-converted output SR is passed through a | ow pass

filter to elimnate the high-frequency conponent 2[err], the
resul tant output SRF is as foll ows, thus resulting i n producing a

Perer¥ PSS T aGcording 18' H€! equitic’ develbpithedY ol sighBf domPUREAY 2°

[err]o.

G T pleselihia d{?aiH 9 A st Eney Y Erang <
o Uesi red charients 3, 3' 5 oni fue (AR Bl SigBalon RO MUY v LB
(S% g;H Cb_ECE)gF 2?%;11@11 wavef gylttlr%gng circuit 5 for exﬁacting_ aS[baiaxlce)él b cos
5 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
10 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
15 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
20 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

25 frequency converting circuit 2 while outputting the downside



[err] <cos { [err]ct + [err]k } cos ( [er¥dR-~[err]oO ) t 10

If using [err] = Alerr] = AR[ cos { 2[err]c - [err]o +
[err]k } + cos {[err]ot + [err]k }]
(6) 15 If this frequency-converted output SL is passed through a

| ow-pass filer to renove the high-frequency conponent 2[err]c, the

02 b B e o
éi so ép equal o ngg: Egé&i?ef?eéng?t trégufé)%ln @%‘;FL’XF&%@ ;feoggé?%?:i%gs of
e s’ s emeerirbHE bl Gl Mok s IR
signal of thec%gqrggg circuit 3 a seconSqPreqancy offset cﬁ%u{te6i3] Cfgi‘ E365 3

adj acent channel assunes, [err]lch =.[err]c + [err]qQ, and hen he afo id
: removing a fréquexécy offs[et cgntame[d m] the output of" tltle second o

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
10 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
15 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
N process as compared with the aforementioned first embodiment.
That is, the frequency offset process is carried out ahead, so that the
20 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

25 local frequency is shifted upward by wo, the shifting is made for



reception side frequency conversion is peri@r-ned as follows. If the

nodul ated signal is received and the local oscillation frequency for

the frequency conversion in the receiver is set to [err]Jc + [err]o as 5
menti oned before, the frequency-converted output S[err] is given as

fol | ows. S[err]=S[err]x b cos([err]c+ [err]o)t

[err] [ cos {_{.erl; + rrlotas.[ €0 [ : hﬁé ] %ﬁ ] 0
i f using [errfi@k[%ﬁbﬁ O%W 5)10, thas Ieés{d&hé—' lﬁ[ g‘ré ]fsfl%lslg{ Fegr dté 9%
3[err]jo ) t +0L%£§}§ ) + cos { [err]ot + [err]h }] 15

(8) ‘this frequency-converted output Slerr] is passed

t hrough a | ow-pass filter to elimnate the high-frequency conponent
2[err]c, the resul tant output SRFh is given as follows, thus
produci ng a BPSK gno = AS] 809 2B5segit )i n the sane bgnd as the desired
channel .~ 20 RF A%S[egr] = A[er)r] cos (['er'r?8§1r§3[‘él?arr]rf§

[err]h=0, [5err] SRFh=ARhCOS((éﬁ)
Srr = Agg cos ( 4wot - 61 )

...... 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

~ 10 o, the shifting is made for eliminating only wo, thus resulting in the
following three kinds of outputs.
Str = Arcos (200t +6k) desired channel
Sum = App cos (4wot+6h) upside channel
15 Stpr=Amcos(81) downside channel
..... (19)
The common component of both the groups is also present in
o 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
20 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

25 received, first and second frequency converting circuits 2, 3 for



On the other hand, when the carrier frequefdy i s expressed by [err]

the signal of the downside adjacent channel represents [err] = [er]c 25
- 2[err]o, and the aforesaid reception side frequency conversion is

- 36- carried out as follows. If the local oscillation frequency
of the receiver is set to [err]c + [err]o as noted before, the

frequegcy-convertp d Olilt tiS ef',rll Po%%?nﬁgqggnéflsligﬂs n 5 .. g
S err] =S er ] g the  Tece1y et iERE thggnefane,
{1 st ng [ er roirehitalte oy | Eeegating°Bdle frbluchaifl PO Beoradia

t -
%Z; H ﬁ: 6 , %Z;Hr%ie)r Jfrre(c:]?lséngy g¥ etrhre] ?teceJrivLS ' g%g%')a]l and the radio carrier

t hr 'O;Jgﬁ,lg) frequencies olffthtehia%ijzicreenct]uﬁggi%_ecgthe%sv%s? P ot dnd Srd2ssed
5 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 SA for waveform—shapin_g
10 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
15 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,
20 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.



15 Jlowpass filer to elimnate the high-f4&quency conponent 2[err]c, the
resul tant output SRF1 is given as follows, which generates a BPSK

signal at a frequency separated by 3[err]o fromthe desired channel.

S[err] = Alerr] [cos (3[err]ot- [err]1)] 20

(11) Furthernore, a verification will be nmade herei nbel ow of a

frequency conversi 0§e&9{1ﬂ:>'t ia{)erbre(rg{:rciﬁgoﬁgjﬁﬁgBE\/\&%@@{]&H‘;M&Mc &n

that the local frequency 75 € carrier frequency is

exprecsed Y Lasdiiln, ey S86kihe OfeHR°hEEAThE R0 e "RRE) phiimert

f ' .. . . . . -3 7-
ertle - Terr1®f thite BVeRfiRhc, ASSRIRG o s Ambodimsns s SORS: Of e e
nodul ated signal _is received and the lLocal. os ency for

the frequency Y% Me ég“eqqye CORVENAE GlC gsitlit'géi[gs?ri%rcﬁ‘%u[err]o as not ed

efore, the Treguency comiered QUpu Skl BeoURnBid i Be 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

10 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

15 ©baseband, is expressible as follows.

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

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

20 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

25 expressed as follows.



= [err] [cos { [err]ct + 2[err]ot + [err]¥4®-cos ([err]c - [err]o ) t]
1 I f using [err] = Alerr]
= Alerr] [ cos { (2[err]Jc + [err]Jo ) t + [err]h } + cos { 3[err]Jot + [err]h

..... (12) If this frequency-converted output S[err] is passed
through a 15 lowpass filter to renove the high-frequency conponent
2[err]c, the resultant output S[err] beconmes as foll ows.

S[err] = Aerr] [ S rad-ft s

slerr] Zoaert] [ ses 653 f1ddwdt by skt

..... (13) On the other hand, when the carrier frequency is
expressed by [err]Cl, the signal of the downside adjacent channel

takes [err]d = [err]g r . f ah the aforesaid
reception side freque'hcAf { COS(mé%ﬁ'vée]kgi'koﬁ&i%s(t@gﬁ?i@énut as foll ows.

First, if5the | ocal oscillation .
_3 8 -
Ac =ax¥2A, 6ks= :ti-, i%)n

=£C [cos { ot +6k}]+%¢[jsin(mct+9k)]

10 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.

15

Sir = Sc X b cos wct

Ac-b
= cos { oct + 6k } cos wct
Y 552 [ cos { } . ]

e . Ac-b
f = A
20 if using =5 R

=Agr[cos{2wmct +6k}+cos{6k}]

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

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



frequency of the receiver is set to [err]c47-[err]o as noted before, the -

frequency-converted output S[err] is given as foll ows. Slerr]
= S[err] x b COS ([err]c - [err]o ) t 5 = [err] [cos { (
[err]c- 2[err]o)t+ [err]l } cos ( [err]c -[err]o)t]

i f using [err] Alerr] =Alerr] [COS

%(erZHE Lr:]oc f’[er?in]co)ttlfr[?ersruktla})t ou(igu{ élerr 2 +{n%rsr Lé)t]ollojws thus allowing the
... (14) t.hj requenc cQ rted ol ry sed

t hrough a demOPBW%fomet iraxt“b S8 “H'n ﬂgt Bl m ng‘ﬁ %y ent
2coc, the resul tant out put SLF1 becorres as follows, which produces a

BPSK 15 signal at a frequency equal to that of the deS| red channel .

S A t 1 +1 43
[erE]:LS) terrl C% ( lr‘{hl:o éeﬁ\r/;]d)escriptionekl n(tl‘ﬂe ca%gyfhat t he

Iocal 2 Q frequency is shifted upward by coo, the out put taktg@s
fol |l ow ng5 t hree ki nds. S[err] = Alerri:

[err]ot + [err]k ).  ..... esired channel , | X ..
_ However, as well as the above gescnptlon, 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 Sm=ScXxbcos(wc+mo)t

-_—A%'b [ cos { wct+ 0k } cos (wc + wo ) t ]

if using Ac
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



Slerr] = Alerr] cos ([err]Jot + [err]h )..-48- upside channel 25

Serr]=Alerr] cos (3 [err]ot- [err]) ...... downsi de channel
-3 O-

(16) Going the the other way, when the |ocal frequency is
shifted downward by [err]o, the output takes the follow ng three

ki nds. 5 ' S = . g
dlegi fed chann%f”c’ the {feeé’urlaané[@;tﬁlg%&Eﬁ}i&&%&s?%g?oﬁo»f& dlui eqrrojvllsmg an
------ upsi dey ChAnMElons of the quadiShite’ bSK, ALE! 'GpSRS ( [errlot - ferr1

) down

... (17 The comon conponent of these two groups is present in
only 10 the desired channel. Accordingly, if both are supplied as two

i nputs to angadder nly the I ted channel can be derived fromits
out put. Al t hough tﬁ%’ﬁt‘%&iqoﬁ(fq)%%gﬂ%;foffset by [err]o, this

frequency offset is renovable with a sinple frequency offset C@SSUH'

This inveRtion is on the basis of the above-descri bed pri neipl 15 and

can be enbodi ed as_bei ng descri becij in the fallow ng )
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.

o’
10 Sp.=ScXbcos(wc-wo)t
=A02'b[cos(a)ct+9k)cos(0)c-0)o)t]
if using %=AR
15
=Ag[cos {2mc-wot+0k } + cos { - wot + Ok } ]
..... (26)
s

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.

Siir= Ag cos { -0)0t+6k}
Ok =(=



enbodi nent s. Fi rst Enbodi nent -49- Fig. 1is an illustration of

an arrangenent of a receiving circuit according to a first enbodi nent
of this invention. In Fig. 1, the 20 receiving circuit is shown, as
conprising an antenna 1 for accepting a signal being received, first
and second frequency converting circuits 2, 3 for accepting the

received signal, a# Rl (@{a@f;yﬁﬁgyde%gg%ag%@?gjgﬂgngﬁﬁ;dtnglghr Gyl gaékeﬁor

generating mddle Trequenties ! _ radiro“carri freguency of
ngi (rjgcglnxd/eg OMQ\%@ 6%1”cio%vh-gasg5fi1t£ef"1 dfoo r(éla:nrc;v'eerth‘éar ﬁ?g%—?%qeusen%gf_ %&Sgﬁ&ﬁem
O o e WA, bRy of e vpstde and
frequency as o condBessitals alpedytaihyof SRS cBanpels geing AErigial”
Comer ) % & Gt e Rt BB oAbty i o olowse o
the first fr e%‘lﬁ? Ci%, C\n?ﬂgne ré)iengarcriérc ?rietqu%ng)rr] dis”t] e%Utagu}ncgf 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.

S’
10
Srh=SchXbcos(wc+wo)t
=m[cos{(oct+2a)ot+9h}cos(coc+a)o)t]
ls if using AC;'b=ARh
Sirh=Agrn [cos { (200c+3wo ) t+6h } + cos {wot+ 6h } ]
Do — (28)

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

20 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.

25 Siren = Agn [ cos ( @ot + 6h )]



t he second frequency converting circuit 3;58-frequency offset circuit

6 for renoving a frequency offset remaining in the output of the 10

common wave extracting circuit 5, an offset frequency generating

circuit 7 for performng a mnute frequency conversion to supply an

of fset anmpbunt to the frequency offset CIrCUIt 6 n ilter 8 for
elimnating an unnecessary frequency conpon é%%hnd?%)iﬁ t he

out put of the frequency offset circuit condly, a
description wll be nade hereinbel ow of an operation of recei ving
circuit according to this first enbodi nent. Accordi ng"t ot he

|2 A R R 8 AR o O By
conver 119, et A paBh' Gubbepl B5bndt SR oarbll 301 0GRt of

upsi de and doynsi de,fre i es, equ | e t he centyral

between tRe cARSnel ACCOIJiRgIY, ¥t thﬁ?ogetgﬁaﬂlauon flquélaasw S BR108
circuits 2, 3, which pr out s in of h of
the three si gh& &5 t"r?ée‘geEF nAg ePtQ‘B“ §1id§neﬂl a F#@rM ?fi(aaf'
signal and the downsi de_cha I SI nal

axis output Syr1 becomes as follows.

Sir1=SciXbcos{(wc+wo )t

Nt
10
=Ac+ll[cos { (oc-200) t+61} cos (@c+wo)t]
if using ACZI b AR,
15 = Agr1[cos (2mct - wot+ 61 )+ cos (- wot+ 61) ]
e (30)
If this quadrature-demodulated I-axis output Sir] is passed
st

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

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

the desired channel.

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

g1=(xl, +3
25 (g T~



-41- According to the equation de§élopnents, the signa
present in common in the first and second frequency converting

conponent

circuits 2, 3 is only the desired channel signal. Wen it is fed to the

common wave extracting circuit 5 for extracting a bal anced 5

t he bal anced conponent mainly conprising the desired wave is
obt ai nable. Since in the output of the comobn wave extr

5 a frequency of fset of [err]o remai ns, a mnute freqU'e"ng(/: 3

conponent,

ng circuit
onver si on

of 9ot anount 15 r SHOVEGs SR fhe losgl SROTUBHPR2Ffodpch, OgHls "

rocess | s 1 CTRSGREFS B SR th1GEcr & as noted BERCE Aa SR IRE S E%e&%d by

fed as a baseb d signal aseb Si gna cessin not
shown) . éﬁ %%H%B n@ﬂated Q-axiy) o'épélﬁ RntS agpgfﬂ nfl of
a receiving %qﬁwt accordl ng to a second enbodi nent of this

i nvent i on: tQWS2  the receiving circuit is shown, as conprising
an antenna 1 for accepting a signal bei ng received, first and second

frequency converting circuits 2, 3
Sgr=Scxbsin{(wc+wo )t

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

10
if using

2

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

AC'b._AR

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



for accepting the received signal, a |ocalS5fr-equency signal generating 20
circuit 4 for generating mddle frequencies between the radio carrier
frequency of the received signal and the radio carrier frequenci es of
t he adjacent upside and downsi de channels and for out putting the
upsi de frequency of the upside and downsi de two wave frequencies as a
conversion fre n i.apu f4 f n n ti i id 2
"hile out puttf%g{lﬁ% &ggmépégrattnﬁe-dehf&dulggéd ASBIS"GUFRMSYL ch&hEQUészz_
frequency as %ﬁonversion frequency input to the second frequency
converting ci FRUPWS3 a first frequency offset circuit 6A for renoving

a frequency offset contained in the output of the first frequency
converting circuit 2, a second frequency offset circuit 6B for 5 renovi ng

a frequency offset cont& is . t of the second frequency
converting circuit %L ﬁ$¢§?$s%ﬂ é@gq%% generating circuit 7A for
performng a mnute frequency conversion to supply an of fset anount
to the re%pecti ve frequency offset circuits 6A and

= CZ' [cos { wct+ 6k } sin (wc-wo)t]

if using

2
10 SQL=AR[sin{(20)c+(oo)t+9k}+sin(-a)ot+9k)]

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

15 quadrature PSK signal Q-axis outpilt different in polarity from SQLF

is obtainable.

~ SqLr = Ar sin (ot + 6k )
ok = (i—-}f, ii—) T
20 (35)
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

25 that the local oscillation frequency is set to wc + wo, the quadrature-



6B, a common wave extracting circuit 5A fef3extracting a conponent 1 0
present in common in both the outputs of the first and second

frequency offset circuits 6A, 6B; and a filter 8A for renoving an
unnecessary frequency conponent left in the output of the conmon wave
extracting circuit 5A. Secondly, a description will be taken

her ei nbel ow o o} ecgl M {deC ¢h Yedbhfest 95 t he
second Bﬁgg)é]l édORT? a%%] &]@T g%ni&tﬁe ocesg oﬂager grm ngsa
frequency offfgltlo'w} i nterchanged with the comon vvave extracting

process as coifpared with the aforenentioned first enbodi nent. That

is, the frequency offset process is carried out ahead, so that the 20
desi red channel signal directly becomes a baseband signal whereby

nore stable extrac | e>><(p§ A description wll be
made her ei nbel ow o e gfplf ?JO ess of the preference of the

frequency&cjffset process. I n the case of the frequency offset for the
si gnal p in which thA 25b | ocal frequency is shifted upward by [err]o,
t he shlftlng is made fox C; [ cos { wct + 2mot + 6h } sin ( ¢ + o ) t] -43 -
if using AC;'b=ARh
s
10 . =Agrn{sin { (200c+3w0)t+6h } +sin { wot+ 6h } ]
..... (36)

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

15 a quadrature PSK, i.e., QPSK signal Q-axis output present in the same

band as that of the desired channel.

N~  Soren=Ara [ sin (@ot+6h)]
9h=(ii—, i43-) ™
20 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.

25



elimnating only oo, thus resulting in the5#ellow ng three kinds of

out put s. S[err] = Alerr] COS ( 2[err]ot - [err]k)

...... desi red channel 5 S[err] = Alerr] cos ( [err]h)

...... upsi de channel S[err] =Alerr] cos ( 4[err]ot - 01)
...... downsi de channel

....(18) ba tdagn the case of the frequency

of fset for the SQR]S Stré;fexgr%ﬁé Q.\C/j\ﬁ?oc)ﬁthe | ocal frequency is shifted

downward by 1 0 [err]o, the shiftlngls made for elimnating only [err]o,

thus resulting in the %Iowi ng three kinds of outputs.
Sferr] = Alerr] COS ( 2 C|10 rd dse - el
S[err] = Alerr] cos ( 4[err]ot Ec{%ﬁ;{(&c 2.@9??%31}98(1112@%?1{3&6})@
Slerr] = Alerr] cos ( [err])) ..., dovvn3| de channel

(19) The common conponent of both the grou s Is al so
present in only the desired channel. Acc d*l gg are fed as
two i nput to an adder, a BPSK signal of 9 he a’z_em re Rhannel

can be 2 derived from its output signal.

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

N If this quadrature-demodulated Q-axis output Sgr1 is passed
10 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.

15 Sqrr = Arj sin (- 3wot + 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
20 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,

25 SQRh=SChXbSin((DC-(DO)t



Thi rd Enmbodi nent Fig. 3 illuspbates an arrangenent of a
receiving circuit according to a third enbodi nent of this invention
In Fig. 3, i ncluded therein are an antenna 1 for accepting a signal
being 25 received, first and second frequency converting circuits 2, 3
for -44- accepting the
received signal, a local frequency signal generating circuit 4 for
generating mddle frequencies between the radio carrier frequency of
the received signal ands (ﬂld@sc[awct H2mot + 61 r}eginc{rmc ewwof) ttlhe adj acent
upsi de and downsi de channell and for 5 outputting the upside frequency
of the upside and downsi de two wave frequencies as a conversion
frequency input to the first frequency convertlng CIrCUIt 2 while

out putting the downsi de frequency as aﬂ;om()ﬁfg Aonfh eg%ncy input to
t he second frequency converting circuit irsp band s filter 9A
for waveformshaping 1 O the output of the first frequency converting
circuit 25 a first AAD

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

If this quadrature-demodulated Q-axis output SqQrn is passed

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

10 2wc, the resultant output SQrRFh 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 ) ]

15
=(+1l,6 3
6h (_4, _.4)1t

Nt A similar process is implemented in terms of the downside

adjacent channel signal. The carrier frequency wc] is w¢]1 = wc -

20 2wo, 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

25



converter 10A for converting the output ofS6he first bandpass filter

9A into a digital signal, a second bandpass filter 9B for waveform
shapi ng the out put of the second frequency converting circuit 3, a

second A/ D converter 10B for converting the output of the second 1 5
bandpass filter 9B into digital signal, a commbn wave extracting

circuit 5B for ext ract&:ré_]aj n%@'mq:): Emn)t-}-rﬁlc}osmm(nwcn @ot)t I he
outputs of the first and é%cond A/ D converters 10A and 10B, a

frequency offset circuit 6C for renoving a frequency of f set remai ni ng
in the output of the compn wave extracting circuit SB 20 an of f set

frequency generating circuit 7B for perform ng§ g frequency
conversion to supply the offset amount to the frequ ncy2 &f set
circuit 6C, and a filter 8B for renbving an unnecessary frequency
conponent left in the output of the frequency offset circuit 6C.
- 45- Secondly, a description will be nmade herei nbel ow of an
operationsof the recei=iAg [cSindu( 2aecciodi)tgt 6b }thsin Gioat €@lodi ment

..... 42)

If this quadrature-demodulated Q-axis output SQRr1 is passed

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

N 2mc, the resultant output Sqrr1 is given as follows, thus producing a
10 quadrature PSK, i.e., QPSK, signal Q-axis output at the same

frequency as that of the desired channel.

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

s (43)
In summary, the above description becomes as follows.

I-Axis Quadrature-Demodulated Output

~ Output at Upside Local Frequency
Swr=Ar[cos(-wot+6k)] desired channel
20 Swen = Apn [cos (wot+6h)} | upside channel

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

Output at Downside Local Frequency

Sitp=Ar [ cos (wot+ 0k ) ] desired channel

------

......

SiLrn = Arn [ cos (3 wot+6h } ] upside channel

25 Sitrm=Agr [ cos (- wot+61)] ... downside channel



of this invention. According to this enbodbifent, the outputs of the
sane two frequency converting circuits 2, 3 as in the 5 af orenenti oned

first enbodi nent are quantized with the A/D converters 10A, 10B,
respectively, thereby providing processes equi valent to that of the
first enbodi ment according to a digital calculation, that is,
carrying out the common wave extraction, frequency offse () and
filtering. The common wave extraction and 10 filtering ai'é possible with

a digital filter tgchni.qu easni f cy offset is possible
with a digital qua@r'gt ge%%a}%‘f' -Perﬂ?odulated bqﬂﬁﬁ?t%errmre theIo

Of & quadrature sk, | APILaEUBsiE Localqﬁﬂeail%b&?dqﬁﬁﬂr “rhe base
frequency, i.e., a 15 b band, bI

f ol Iqows. d S% A:’Rrg“]nﬁhA err ([err)]]k) + 283 flm([t?rr]‘%ﬁﬁ‘eﬁsﬁ1 e =

(20) Wnere ' Le It indicative of an I na

%i Sd per pend| gﬁ‘?’é ﬁgﬁgsiﬂgﬁid;?f ghl-) depi cts an ~ampl P nslgarm‘ err]k
esignates a p Lepre t3 f K i nformation:

[err] g\ﬁiﬁ‘ t hjiq g@e s?genlﬁj?l s nodul ated: V\AQ‘W"ESHQC chappek

Output at Downside Local Frequency

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

Sorr = Agi [ sin (3wot +61) ] upside channel

10 Sque = Api [sin (-wot+61)} downside channel

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-

15 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

20 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

25 middle frequencies between the radio carrier frequency of the



angul ar frequency [err]c, the resultant nefl8l-ated output Sc can be 25

expressed as foll ows. - 46-
S[err]=S[err] x a( cos [err]Jct +] sin [err]ct) =A[err] {
cos([err]ct + [err]k)+] sin( [err]ct + [err]k) 5
Alerr] = a x [err]A, [err]k = [err] [err] [cos {
t 4 _ T L 2
b ?21)[656*&“4‘*[%“‘1 e, BE"eadip" Llddes. Fddubhicies of the afincept '
I d . If
LA N0 ot B ITIRS o SRS 00 S 0T
th
e ot e |ﬁ%§ﬁ@ﬁ%%f8€¥tﬁéféﬁ%d gl LI G g CBGBHALL LT

conversion frequency input to the first frequency converting circuit

5 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

10 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

15 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

Y, frequency conversion to supply the offset amount to the respective

frequency offset circuits 6D and 6E, a common wave extracting

20 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

25 operation of the receiving circuit according to the fourth



S[err] = S[err] x b cos [err]ct -59- = J[err] [ cos { [err]ct
+ [err]k } cos [err]ct] | f

using [err]
[err]k } + cos { [err]k } ]
..... (22)
passed 25
conponent

2[err]c,

t he

denodul ati on

S[err] =Alerr](ler %&wz Jrogess as %né{aﬁreﬁ] Viéixe[ﬁé Qfo?emelnrt]iotrheids third

(23)

i NSt ance,
denodul ati on

5

10

15

20

25

= Aerr] 20 =A[err] [COS{ 2 [err]ct +

I f this quadrature-denodul ated |-axis output SIR IS

* Bttt 0%t RARS ihVEARSn. © TheHRY et diiodlly, tRESHoEss of
BFEAfE & ERdverel” SirePfSoRT e e, W Coplipdo 11e

as above descri pti on,

embodifteat! TR Gfec8iitly 'eXeBfoh SHUHE ¥rofhendy BifdatUre
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,



is equal to the carrier frequency [err]c, _glys local oscillation frequency
signal radiates fromthe receiver into the air, which can interfere 10
wi th other nearby receivers. For this reason, when the | ocal

oscillation frequency of the receiver is set to [err]Jc + [err]o as noted

before, the I-axis output SIR on the quadrature denodul ati on becones
as follows. 15 S[err]=S[err]x . b cos( E,Hi [err]o

= [err] [ cos?{s§cand commog, wave, eﬁggcﬁmge?lrrf'é“ [gﬁ’rr ]e@tljacp]ng a
|f using [err] = Alerr] 20 [COS { (2[err]c +
[err]o) t + [epmipenent pisseny 4p¢emingryin) koth the Q output of the first

. (24) [ f thi saguadrature denodul ated |-axis output S[err] is
passed quadeatyre damodplating icixcait t1d randohe t Qe omtgnt queqh@nw:on

conponent
quadrature demodulating circuit 12 reversed in polarlty, a first

5 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

N/ extracted through the second common wave extracting circuit 5E, an
10 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
15 an unnecessary frequency component remaining in the output of the
second frequency offset circuit 6G.
Secondly, a description will be made hereinbelow of an
g operation of the receiving circuit according to the fifth embodiment.
In this embodiment, the concept of this invention is applied to a
20 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

25 different frequencies, that is, the upside and downside frequencies



2[err]c, the resultant output SIRF becones6ds follows, thus providing an

| -axi s output of the quadrature PSK, i.e., QPSK Slerr]
=A[err][cos ([err]ot + [err]k)] 5

(25) Subsequently, the local oscillation frequency is set to
[err]c- [err]o | ower by [err]o than the carrier frequency of the

0eslred ho Bhmgafable it e" SRR 11! SERYEERORNGEAEH, o b Fet

1 using [or M iffont | qlddridie° GoRiddianhg” BRpkicy 11 and 12 which,

T oy " prodces Ry ot sfarbidln, termsof, pash. £ three. signalt,ofsfhs

5,235 geoishd S, 5 BBREN el € RS R eI

5 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.

10 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

15 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.

s In addition, the unnecessary frequency component generated in this

process is removed in the filters 8D and 8E, before the signal is
20 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

25 are shown an antenna 1 for accepting a signal being received, first



S[err] = Alerr] COS { -[err]ot + [err]k }-62-

[err]k = [err]

(27) -49- | f

t he quadrature-denodul ated |I-axis output S[err] is passed t hrough a
| ow-pass filter to renove the high-frequency conponent 2[err]c, the

output S[err] ahﬁsggé&wagﬁfdratuqc degl%quslf'tgﬁggc?rcgml ’lld%ﬁﬁd‘i?fﬂfﬁfj’ of

adj acent channe erng an equa om'the reception | ocal
requency 1s FereIug e Peceifeq ¥bply o local Heahincl Hinal ity
osci 11 at 1 on' 1 PR AA; Lo cpekRting oy Breduoncafs, i@esn g% Y8 |- i <
' ?UE gﬂ] g[ irE]eF?frggr) ec?&ex{cc%rl 'F%he r%%eived: sf%qq,l] andsklle:eg?aflfcr S‘[ffr]rrf:e{r )i 2 cos
Lerr]ot + é er rfllerau}en%?ess (of[ %é]gdj;céﬁatr ru]p?;icie tand 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
10 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
15 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
1 % second frequency offset circuits 6H and 6I, a second common wave
extracting circuit 5G for extracting a component present in common
20 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.



if using [err] = Alerr] 15 -6Berr] = Alerr] [ cos{ (2[err]c +
3[errJo ) t + [err]h } + cos {[err]Jot + [err]h }]

..... (28) I f this quadrature-denodul ated |-axis output S[err]
is passed 2 O through a lowpass filter to renove the high-frequency
conponent 2[err]c, the resultant output S[err] becones as follows,

L1 o0ueing, 2 conatyiof! ARSI, e, RO R BReto BECR), 1" L

sane band as t hat sire

A[58r r] [ cos Sle%rt{c]nOtoerﬂ[eerrEL@vkng circuit of the sixtb[ &}?‘f%‘limf‘gr " ]In this

(29 ool Bk SR B SRR e v
[sg{ rl o- [er r5] Cwi{hertil]eo'freaq‘cu%%{:gi g%s%t [%ecgsst haes lc%%ﬂ;l)argacui{hattih%n frequency is

5 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

10 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

15 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

s upside frequency of the upside and downside two wave frequencies

as a conversion frequency input to the first quadrature

20 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

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



[err]o as noted before, the reception side4quadrature-denodul ated |-
axis output S[err] becones as follows. Sferr] = S[err] x b
cos ([err]c + [err]Jo ) t 10 = [err] [cos { ([err]c-
2[err]o) t+ [err]1 } cos ([err]c+ [err]o) t]

If using [err] = Alerr][cos(2[err]ct-[err]ot + OI) +

15
- t + " . . . .
COS( ( gg; e anci eg’ercl)&h]l Pa‘t‘%asssqﬁlétgf-a?(ﬁ‘r%q%egn%dhqtgt %lflﬁla?(l' g a})sm put S[err]

(3 0asse rospat e lrd YPToRcH AR BISTIRSG DE e gepLTY,
 hus Product g i MABIHEHHE S Sipat i, SO nesckbg 32
'[A‘Eaﬂ ]r] [ oS (Sueidxla%rug O&exﬁohﬁfz{dnlg leiredi 12, respectively,, third and fourth
5 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
10 extracting circuit 5I 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
15 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
20 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.



(31) Subsequent |y, when the |-dt&t oscillation frequency of the
receiver is set to [err]c + [err]o as noted before and its phase is del ayed

by [err]/2, the quadrature-denodul ated Q axis out put Slerr] is
obt ai nabl e as 5 fol | ows. S[err] = Sc x b sin([err]c+
[err]o)t [err] [ cos ([err]ct + [err]k) sin ([err]c +
[err]o ) t] 10  Secondly, a descnptlon will pe made hereinbeloy of .2 | using
[err] = Alerr] Alerr][sin ( err]o t+

[err]k } ;f Si 'Hpe[rﬁﬁbhobf ﬂ:ﬁc re&iki GPgdtmrcult according to this. seventh

..... (32 I s quadrat ur e-denodu Qaxis out put S[err]

onponce:  cmbABIAURY YAMOSSIA Shok e G Y
ey 1 Qg uaddied i fing DS FLCDD, SR 0, T 1
""" (33) 5 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
10 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
15 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
s generating middle frequencies between the radio carrier frequency
of the received signal and the radio carrier frequencies of the
20 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

25 demodulating circuit 12, first and second bandpass filters 9C and 9D



Let it be assuned that, in the case that -t | ocal oscillation
frequency is set to [err]Jc - [err]Jo lower by [err]o than the carrier

frequency
In this

of the desired channel, the phase is delayed by [err]/2.
' -5 2-

I nstance, the quadrature-dermdul at ed ani S output SQ becones as

fol | ows.
[err] [cos
i f using

(2[err]c+[err]
34

is bassed
conponent
wher eby t he
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Tvavefor?&-%ﬁkair}g The r{ Qt Sdn'a ]Q%[ﬁtbh? of URE" Fdd  °

stn(ferr c[e

‘%J)at r?teugrrg u(l?{elﬁ%] ]gfx‘%[uft;rﬂ [Sﬁk{pectwely, first and second
%‘{ﬁrﬁaﬂ% 1B HEEL o %ﬁﬁ%@%qhﬁéé@gﬁ f dhe ey
and chomi Cbancﬂ)ass %Sﬂelt % anL(lit @ﬁ m c{lkxtalS s gnaeln as foll ows,
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.



15 quadrature PSK signal Q axis output difgrrent in polarity from SQF

I s obtai nabl e. S[err] = ARsin ( [err]Jot + [err]k)

[err] 20 _ _ Cee
(35) Furthernore, the analysis of the adjacent channels wll
be made hereinbelow in terns of the quadrature-denodul ated Q axis

: .. : p
channei i gnal repriSeeBLyy ETHBRpS L I 60 smadf) BERARIBH. X Bhe, 1 n (e
case 25  thato g hoCat tﬂgci'éclc?\tri'n%ncglrc%gtu%gggrdixslgs% the L%rbrod]c * coo, the

quadr at ur e-

L Sq: . Of i de ch | b .
ol ows. . ccasdaiiby i tic oBRoliRent e (lRmal W Simpetion 5
= Lerm] [ cos ghobely k" intedchRhigbd" winh The! Brdyudnly {ofiet Ipracelsad © ) 1]

S 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

Yt
10 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
15 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
s the common wave extraction is effected by the digital filter

technique, although the use of the correlator 13 causes the inversion
20 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.

25 Tenth Embodiment



I f using [err] = Alerr] 10 _ge=Alerr] sin{
(2[err]c+3[err]o)t+[err]h ) +sin {[err]ot+q%rr]h}]

....(36) I f this quadrature-denodul ated Q axis output S[err]
I s passed through a owpass filter to renove the high-frequency
conponent 2[err]c, the resultant output S[err] becones as follows,

whi ch produces 15 _ a quadrature PSK, i.e., QPSK signal Qaxis output
present in the samdig. 10 ispamdlbstration of arharthngemsentcbfirmakeceiving

Sferr] = Alerr] [ sin ( JerrJot + Oh)]

[err] 20 circuit according to a tenth embodiment of this invention. In this. ...
(37) A simlar process is effected for the downsi de adj acent
channel . Si ncembediment, eonly d¢haeficyt [frequenicyi soheertimg cirdwitr? s -
2[err]o, the guadr at ure-denodul ated Q axis output S[err] at the

| ocal oscill atprowided for #fcoapsitrge\the ereckeived [ségnilo fitanotrs arehnd | Dvas 25
et 5 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
o/ | frequency signal generating circuit 4B, provides a frequency-

10 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

15 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

hd frequency is possible with only one high-frequency circuit set, with
the result that not only the space necessary for the circuit but also

20 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

25 this embodiment, as compared with the third embodiment shown in



S[err]= S[err] xb sin ([err]c+ [err]o)t 6 [err] [cos{

([err]c-2[err]o)t+ [err]1} sin([err]c + [érr%_o)t]

if using [err] = Alerr] = Aerr] [ sin ( 2[err]ct -
[err]ot + [err]1l ) + sin (- 3 [err]Jot + [err]1)]
..... . (38) I f this quadrature-denodul ated Q axis out put

S[err] is passed 1 O through a |owpass filter to renove the .

hi gh- f r equenc¥igodpothentfrequency zpasiverting t¢iecuibsor: apeepting vhesgreeived
given as follows, thus producing a quadrature PSK, i.e., QPSK,

si gnal Q axi s signaluis affected ewnién(gnly the firstfaeqnentybygodiertifg f cisomithd

desired channel . 15 S[err]=Alerr]sin (- 3[err]Jot+ [err]1)
[err] and further the quantizing means is constructed with only a
..... (39) On the other hand, if the local oscillation

frequency i s dandpasq dilt¢rc 9C and an [AD JconventerqlOdr a¢sponsitestou klze ed
Q axi s output SQR of the adjacent 20 channel becones as follows. That is,
si nce the far ougput ofqtiendirst direqudncy convefting tdiscuips2.de Aftgrackat Adbannel
signal is [err]Jch = [err]c + 2[err]o, the
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,
NS carries a digital frequency conversion, thus providing a frequency-
10 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
15 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
o frequency converting circuits 2 and 3 in the above-mentioned third
embodiment, with the result that the treatment of the carrier
20 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



guadr at ur e- denodul ated Q axi s output S[err] 7 Gt the local oscillation

frequency [err]Jc - [err]o becones as foIIovxs 25 S[err]=S[err]x b
sin(werr] - [err]Jo )t -5 5
- [err] [ cos { [err]ct + 2[err]Jot + [err]h } sin (
[err]c - [err]o ) t] | f
using [err]= Aerr], Slerr] =Alerr] [ sin {(2[err]c+

[err]o ) t+ [err]h Fig+ bZﬂS(a@[léhls}Raﬁon péran rarfangement of a receiving
..... (40) |f this quadrature-denpdul ated Q axis output S[err]
i s passed circuitragpggnding 6o patweclfthl embadimentoofe thise imveitidn.eqéency
conponent 10 2[err]c, the resultant output S[err] is given as follows,
thus produci nfeature of thjscembodioemsHs that. as Qreaparsidgviith Ghexififtbut put
present in a band separated by 3[err]o fromthe desired channel.
embodiment shown in Fig. 5 the quadrature demodulating means
5 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

10 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.

15 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

20 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



Slerr] = Alerr] [ sin ( 3[err]ot + [err]h)-}l 15
[err]h— [err]

. (41) A simlar process is inplenented in terns of the
downsi de adj acent channel signal. The carrier frequency [err]c 1 is
[err]c | =T[err]c - 20 2[err]o, and the local oscillation frequency of
the receiver is [errjc - [err]o, Thus, the quadrat ure-denodul at ed

Q axi s out put 3[errﬁlg@eb%mgsaa]sﬂlustrauom of | avsarrangement of a recgjwing] =

_S [562;] x bsl nc1§c£u61£rzlccc6rd£1t6gr {t]g(r)?n] Elpgt@gntl{ embedinant- of [ this |inventien[ erA] 1 }

sin ( [err]c - [err]o ) t]

i f using [err]featmenf] this embodiment is that asAfemplared [wsthn thé 25everth -

3[err]Jo ) t + [err]l1} + sin ( -[err]Jot + 01)]

..... (42) embodiment shown in Fig. 7 the quadrature demodulating means

5 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
Y, 10E, a digital conversion is made in a digital frequency conversing

10 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-

15 demodulated outputs necessary for the extraction of the desired
channel by first and second common wave extracting circuits 5Q and
5R.

s Thus, according to this embodiment, the outputs of the
quadrature demodulating circuit 11 A/D-converted by the A/D

20 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,

25 which makes it possible to reduce the space necessary for the circuit



If this quadrature-denodul ated Q axis out p_u;tz_S[err] I s passed

through a lowpass filter to renove the high-frequency conponent

2[err]c, the resultant output S[err] is given as follows, thus producing a
10 guadrature PSK, i.e., QPSK, signal Qaxis output at the sane

frequency as that of the desired channel. Slerr]=Alerr]
[sin(- [err]ot +[err]|)u]] . .

[err]l = [err] asisvell as the power consumption. The feature of this embodiment
(43) In summary, the above description becones as foll ows.

| - AXi s QJadratislrelSDeapplibabéd toutheuteighth embodiment. Qut put at Upsi de
Local Frequency S[err] = Alerr][ cos (-[err]ot+ [err]k)]
...... desi r eFatirteemth Pinbodiment S[err]= Alerr] [ cos ([err]ot + [err]h)
]...... upsi de channel Slerr]= Alerr] [ COS ( -3[err]ot +
[err]1 ) ]...... deignsi4lds camrillastration of an arrangemen®uoPu ratei si de
Local Frequency Slerr]=Alerr] [ COS ( [err]ot + [err]k)
------ des§ r e¢dimduwann®icording to a foudlednth erbedithen{ ofoshic3invedtiddt This
[err]lh) ]...... upsi de channel 25 S[err] = Alerr] [cos ( -

[g;r] ot + [errepibgdiment relates -to .andQwijfibdemen@nsL!the common wave
- - extracting circuit as employed in the above-described first
embodiment. In Fig. 14, as well as the first embodiment, the
N/ receiving circuit includes an antenna 1, a first frequency converting
10 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
15 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
s converting circuits 2 and 3 through the input lines 21 and 22,
respectively, first and second buffer amplifiers 25 and 26 for
20 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-

25 grounded, and their secondary coils are coupled in parallel to each



(44) Q Axis QJadrature-DermduI_ayt%d Qut put

Qut put at Upsi de Local Frequency Jerr]=Alerr][sin(- [err]ot +

[err]K)] L. desi red channel 5 S[err] = Alerr]
[ sin ([err]Jot + [err]h) J...... upsi de channel Slerr] =
Alerr][ sin ( -3[err]ot + [err]h)] ...... downsi de channel

Qut put at Downside Local Frequency _ Slerr] =Alerr] sin
([err]ot+ [ermother Jin. a.statedewith ethec Rameepolarity. A juncglosr 2P bafween ¢n&in
( 3[err]ot + [err]l )]...... upside channel 1 0 S[err] = Aerr] [
sin ( -[err]otends| ef rthe) jecondary coils equabunspalarisjiatndéhe primary coil is
..... (45) It is found fromthe above equations that, as
descri bed bef ased for its iomtpute whibei thesiathex rendsesie egioundedel Futhent ai ned
in common in the out puts of the two quadrature-denodulating circuits,

while in the Ghclulfed akereisi gee tahahitds buéferc amplifier S(comhasecdpun conmmon
and in anti phase in the outputs of the two quadrature-denodul ati ng

circuits. §he tehhinhl eisbedhnectedofo tthe Sjunetient 20n iThe enitpaed lowft thee third
basis of this principle. Fourt h Enbodi nent 20 Fig. 4 shows

an arr angenentbuffera angpléfist 39 di rsuppliedc @sr dien®utput of the doamrdon wave
enbodi nent of this invention. In Fig. 4, included therein
extracting circuit 5 to a next-stage frequency offset circuit 6.
Secondly, a description will be made hereinbelow of an
o/ operation of the common wave extracting circuit 5 in the fourteenth
10 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
15 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
N converting circuit 2 will b.e expressed by ey, while the component
obtainable from the second frequency converting circuit 3 will be
20 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

25 second frequency converting circuits 2 and 3. These high-frequency



are an antenna 1 for accepting a signal beimg received, first and

second frequency converting circuits 2, 3 for accepting the received
signal, a local frequency signal generating circuit 4 for generating 25
m ddl e frequenci es between the radio carrier frequency of the

-5 8 - received signal and the radio carrier frequencies of the

adj acent si de .and d vm5| d hannel s a d.for, outpuyttin the sid
frequency of tcﬁ’é‘? 8 %‘f?d ﬁd@yt \'/HF‘W&V@ dBWtﬁrggn&s g‘cults an
conversion fr ueaE I nput to he firs frequency converting circuit 52
whil e outputti ?f{ ‘P\¥cﬁfbﬁ§c§ ilers.a conver si on frequency

I nput to the second frequency converting CIrCUIt 3, a first bandpass
filter 9A for vvavefmnsé&wéﬁl g t 6w 108kqInt ther firsk ff‘F‘i‘!ﬁnCY CONVEFIERNE cGiEGUit
converting circuit 2, a first A/D converter 10A for converting the
out put of the % iandt theasignal <5 i1 evz from rthe aecony tfsequancy stapveirting second
bandpass filter 9B for waveform shaping the ou of the second
frequency Tonwaxauitgd.ciwhight age EsﬁéebﬁdYA/HDS@Qﬁﬁv@mégh 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
N/ the buffer amplifiers 25 and 26, the signal ep + ey; from the first

10 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,

15 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

s secondary coils of the transformers 27, 28.
In this instance, the secondary coils of the transformers 27, 28

20 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

25 ep + eyz from the second frequency converting circuit 3 which are



10B for converting the output of the secondybandpass filter 9B into a
digital signal, a first frequency offset circuit 6D for renoving a
frequency offset contained in the output of the first A/D converter 15
10A, a second frequency offset circuit 6E for renobving a frequency

of fset contained in the output of the second A/D converter 10B, an

of fset frequency generating circuit 7C for performng a mnute .
frequency convEgnsrated énsapfpls)‘/"cf)ﬁéaﬂf fegdls dsehiainable nat (theptermipal with
frequency offset circuits 6D and 6E, a common wave extracting 20  circuit

5C for extractihdgreublsspsirtnhtaspthe eollisionc ofmthe putmus hof rthe “secondany put s

of the first and second frequency offset circuits 6D and 6E, and a
filter 8C for @akbvi ng an unnecessary frequency conmponent left in the
out put of the common wave extracting circuit 5C Secondly, a
description will beOnathe mgher tamdovsioce athe eompopentitéron fodmt bhee finsei vi ng
circuit according to the fourth -5
9- 5 enfreguemcy avinviehfingi civewiti 2nwhich tariseseimbdiense¢onddry poicefs
of perform ng a frequency offset is interchanged with the comon

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
s components are mutually introduced into the mating secondary
10 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
15 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
N\ component ey from the second frequency converting circuit 3
which arises in the secondary coil of the transformer 28, are
20 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

25 will be described with reference to Fig. 15. In Fig. 15, a transformer



wave extracting process as conpared wth the af orementioned third
enbodi nent. The precedi ng execution of the frequency offset 5 process

all ows the desired channel signal to directly constitute the base
signal and permits a nore stable extraction to be expectable. In
addition, digitalization allows the quadrature-denodul ating function

with a high accuracgy, provides the syitability for, . integration, and
causes the redQERPIIFSOtMNEOPISEA éBﬁs]uzrpfm@rg‘e q@jl fi ¥ tif USedoas e primary
Fig. S5is anillustration of an arrangement of a receiving circuit

accordi ng to &oilfwhilenthsdcadnL2ofs uped asny ex¢condaryl goiti g Ths voHeges and
are shown an antenna 1 for accepting a signal being received, first

and second quasireends eatdthedespativg coilctérnsinals anel se2 dsoifollows. r ket it g

the received signal, a local frequency signal aggner at i ngI circuit 4
for gener at i ngssumeéte thate the rprimary ccument tisctakeni to be 11, cthe i secondagyency
of the received signal and the radio carrier frequenci es of the

adj acent upsi cdarzend towaksinddéo charllel thearnbltage developed phetween tthe upsi de
frequency of the upside and downside two 20 wave frequencies as a

conver si on fr dexminals i oipthe t prifaeyf coidt L] is takgnaals &1y ¢helevaldageat i ng

circuit 11 while outputting the downside frequency as a conversion

frequency i npdevelopdt: tetoeed thedeamnimals 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

10 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

15 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 = O, the

input impedance Zin becomes zero as follows.

2 . 2 :
Zin = joLi + @M o1, JOMT L sol - joL = 0

20 jols +Z Lo
N\
o . 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



denpdul ating circuit 12, a first comon wawe; extracting circuit 5D

for extracting a conponent present in common in both the | outputs 25 of
the first and second quadrature denodul ating circuits 11 and 12,

- 60- a second conmon wave extracting circuit 5E for extracting a
conponent present in common in both the Q output of the first

gquadrature denpdu] ating circuit 11 and the Q output_ of the second

quadr at ure detbeluimapedanes noerely 1depends sien thpoinduatgnce of only the

frequency offset circuit 6F for renoving a frequency offset remai ni ng
in the | sidepsimpty esilracted through the first comon wave
extracting circuit 5D, a second frequency offset circuit 6G for

renoving a frequency offset remaining in the Q side output extracted
t hrough the second commopn wave extracting Oci rcuit 5, an 1 0 offset
frequency generating circuit 7D f@ e, grmng a mnute frequency
conversion to supply the, offset /a L0 the respective frequency
offset circuits 6F%ﬁd=6§PLa+i (@M dr 8D §®L1r enovi ng an

unnecessary frequency conponent Ng in the output of the

..... (48)
Accordingly, the input impedances of the primary coils of the
st transformers 27 and 28 are affected by the loads of the secondary
10 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

15 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

20 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



first frequency offset circuit 6F, and a seggnd filter 8E for removing 1 5
an unnecessary frequency conponent renmaining in the output of the

second frequency offset circuit 6G Secondly, a description

wi || be made herei nbel ow of an operation of the receiving circuit
according to the fifth enbodi nent. In this enbodi nent, the c?nCﬁpt of
this invention is appljed to_a_ 20 quaternary PSK, i.e., QPSK of the

di gital nodul éf‘Foﬁe.cp%d@édeﬂ’é L3 is taken pg eabdﬁts dotentiglt epncarether defipedo

t he af orenmenti oned equations, the recei ved signal obtained fromthe
antenna 1 is §§p§0ﬂ@ﬂ3to the first and second quadrature denodul ati ng
circuits 11 and 12, while the | ocal frequency signal generating

circuit 4A separately supplies two 25 different frequencies, that is, the

upsi de and downsi de frequenties

-61- corrpaﬁ'-’atﬂ'eR&n ]et he central value between the channels, to
the first and second*yuadrature denmpdul ating circuits 11 and 12,

whi ch produces four output signals in terns of each of tlz‘w)e signal s
of the S T T e A e T

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

A upon the impedance due to the inductance of only the secondary
10 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.

15 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

20 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

25 characteristic. That is, the integrated frequency characteristic of the



desired channel, the upside channel and theglownside channel. 5
According to the equation devel opnents, the signal conponent pr esent
in common in both the first and second quadrature denodul ati ng
circuits 11 and 12 is only the desired channel signal, and the I-axis
side is extractable as a bal anced conponent, whereas the Q axis side
Is extractable as a differential conmponent. 1 O Accordingly, if the
I-axis side biirshadd ssrpaAcHeqrensFanyerting circuit odmdn tWaé'@ SRMMBON; ng
circuit 5D and the Qaxis side differential conponent is fed to the
common wave eV EXACtionp Output 5¢ made to be eyemy df ShgnfequeBey) axi s
signal of the desired channel are obtainable. Since a frequency

of fset of [ercheractemistie isnever iutthetfreghendie rapgeoef the sigaab foxt theeting
circuits 5D and 5E, a minute frequency conversion is made in the
of f set frequentheyaircuit i elgmentsuithe 7Mtegrathdt frequency charfattaristiorobntofi s
renoved in the frequency offset circuits 6F and 6G In addition, the
unnecessary f tleufirstyand nyepoad: frpguenay edonvertinigs circuits By dtdes thes r enpved
in the filters 8D and 8E, before the signal is 20 supplied as a baseband
signal to thecbasabanssiegrxiractionesmitput is expressdd according t6i thd

Enbodi nent Fig. 6 is an illustration of an arrangenent of a
recei ving cir following equation, and the frequency variable © disappears so that

it become even.

H =

d x oL =
10 0_)C

Qi

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
15 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
20 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,

25 according to this embodiment the difference can at least be



according to a sixth enbodinent of this inygation. In Fig. 6, there 25
are shown an antenna 1 for accepting a signal being received, first

-6 2- and second quadrature denodulating circuits 11 and 12 for
receiving the received signal, a |ocal frequency signal generating
circuit 4A for generating mddl e frequenci es between the radio

carrier frequency of the received signal and the radio carrier 5
frequenci es ofinefeasgdj Upettt mpes dbamntve dimes das croanpatied avith fthat of the

outputting the upside frequency of the upside and downside two wave
frequenci es aPriordrbetbereby muguiding itheuremovinge effects greater qthagr dhat e
denodul ating circuit 11 while outputting the downside frequency as a
conversi on freafuthepriomart.t o t he second quadrature 1 0 denodul ating
circuit 12, first and second frequency offset circuits 6H and 61 for
removi ng a fr djfienth offmbodimensi ned in common in the | output and Q
out put of the respective quadrature denodul ating circuits 11 and 12,

an of fset §requencyigerks dtiay illustrationr ofiidn afrangentemtr yf RO récdiving nut e
frequency conversion to supply -
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
N are marked with the same numerals. The difference from the
10 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
15 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
Nt 21 through which the output of the first frequency converting
circuit 2 passes and the input line 22 through which the output of
20 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

25 43. Other outputs of the common wave signal extracting circuit 5n



1 5 the offset anount to the respective frgquency offset circuits 6H and
61, a first common wave extracting circuit SF for extracting a
conponent present in conmon in both the |I outputs of the first and
second frequency offset circuits 6H and 61, a second conmpn wave
extracting circuit 5G for extracting a conponent present in common 20 in
both the Q output of the first frequency offset circuit, 6H apd the Q
out put of thearcededdte rideiienByd $AGONG: NODrERMMAR ‘V%‘O"er%‘gﬂa rf{]etectmg
polarity, and first and second filters 8F and 8G for renpvin
unnecessary fcirquitaclcddporaspestivelyai nilhg Frst HBdoﬁ?‘iﬂI{rR; rmnqgﬂglmon
respective common wave extracting circuits 5F and 5G )
-63 - wave signadodetdttingaciseniss i4k.i 63 9FqEPLh@S nAdEaR e ARBIE, otheof an
operation of the receiving circuit of the sixth enbodinment. In this
enbodi ment , t batputsmof thev firsk andc seeendrfseqeandys convertingrgjeenits 2, 3yt h
the frequency offset process as conpared with the 5 af orenent i oned
fifth enbddi mintoughVden inpet flimepu@dcy22f tespectively. 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,
o/ respectively. The ‘outputs of the synthesizing circuits 44, 45 are fed

10 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.

15 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

N frequency converting circuit 2, while a signal ep + ey2 is outputted
from the second frequency converting circuit 3. The outputs of the

20 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 second 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

25 non-common wave signal removing circuits 46, 47 are supplied to



process is executed precedently, the desirgghchannel signal directly
becones a base signal, which allows nore stable extraction to be

expect abl e. Sevent h Enbodi nent 10 Fig. 7 shows an _
arrangenment of a receiving circuit according to a sevent h enbodi nent
of this invention. In Fig. 7, there are shown an antenna 1 for

accepting a signal being received, first, _and seco . _quadrature
denodul ati ng c‘chﬁ?’(nén‘i‘% WAYe 1oxyrting GreHth "t-helﬁllese 1npPteitPeth&i gnal , a
| ocal frequency signal generati ng circuit for 15, generating mddle
frequenci es beOMBEIPD PEAYS KHTACHRE Firgyif PR ke basic thae firs drequency
signal and the radiq carrier %reﬂuen,ci es of the adj acent upsi de and
downsi de chanrfORYeEHBEf SHCRLt AusiEPNE ep + eyypaididhe sepane frequaney
upsi de and downsi de .two wave frequencies as a conversion frequency
i nput to the fGonVerdngdeisewite3 side signeldebatieuy, siespestively. whAceordimgly t i ng
t he downsi de frequency as a conversion frequency input to the second
quadratured in rRSIOIman WAvS eggracting, ciicuit S5andthee commonnupass sigraler s
9C and 9D for waveform shaping the | output and ?out put of the first
quadr at ure derfimlulsaextigetedr asi desctibede ipalatailelny terms sof thel cosumoh wave
A/ D converters 10C and 10D for converting the outputs of the first
extracting circuit 5 in the fourteenth embodiment. However, the.
common wave extracting circuit 5n can not completely remove the
S non-common wave signals as obvious from the example shown in
10 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 extracting 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
15 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 with the first frequency
Nt converting circuit 2 side signal ep + ey; or the second frequency
converting circuit 3 side signal ep + eyz. For this comparison, the
20 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

25 converting circuit 2 passes and from the input line 22 through



- 64- and second bandpass filter S3and 9D into digital signals,
respectively, third and fourth band pass filters 9E and 9F for
wavef orm shapi ng the | output and Q output of the second guadr at ure
denodul ating circuit 12, respectively, third and fourth 5 A/D converters
10E and 10F for converting the outputs of the third and fourth
bandpass filters, 9E and 9F intg digital si)&nal S, respectively, a
first common vbichetheaeutpwg ef rthe seeond drequency é‘b&ﬂ”&&mﬁgcﬁcﬁﬁnéonent
present in common in the | outputs_ of the first and third AAD
converters 10®asses.10Eor athis ceptaeciinm thevaferesaid fisst, ard  segondr agnr 51 for
extracting a conponent present .in conmon . . in the Q output of the
second A/ D corfSRIMON WAYen fignd eremovingycitgpits 46, 47havorkur t@nathe «therrt er
10E reversed in polarity, a first frequency . offset circuit 6J for
renovi ng a fr dipnshcwhenf aetinge the n¢ommoan twave signal epj gdheo fiirstitfrequeneyt ed
through the first common wave extracting 15 circuit SH a second
frequency 5f f ssnvertingi citekitf @ siderosignal 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
N and from the input line 22 through which the output of the second
10 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.
15 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
20 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

25 shown in Fig. 16, where parts corresponding to those in Fig. 16 are



frequency offset remaining in the Q side ogyput extracted through t he
second common wave extracting circuit 51, an offset frequency

generating circuit 7F for carrying out a mnute frequency conversion

to supply the offset amount to the respective frequency offset 20 circuits
6J and 6K, a first filter 8H for renoving an unnecessary frequency

conponent left in the output of the first frequency offsliat ) . Ci Uitﬁ
6J, and a seconatked| with ghe fsame gefsrenge mmerds.cs & yell as 1p r%’(ﬁjei]éy ¢

conmponent left in the output of the second frequency ] of fset circuit
6K. outputs of the first and second frequencys converting circuits 2, 3 are

Secondly, a description wi|ll be nmade herei nbel ow of an operati on of
the recei vi ngsepplied tasaac §irat rigpub threughsdhenioput lines 22 teedrst |13nd i s
sevent h enbodi nent, the outputs of the sane two quadrature
denodul ati ng sécand tdifferential sunplificre 46a,5472,athe computomdd whichhare fed
enbodi ment are quantized with the A/D converters 10C to 10F so as to
acconpl i stf antopfirat and sepondalimtegrating circuits R3t 24 whicl iserve extbdewnent
by neans of the digital cal culation, that
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
N\ 25, 26 are feedbacked to their negative input sides. The outputs of
10 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
15 Dbetween 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
N~ secondary coils is connected with a third buffer amplifier 30 the
output of which is feedbacked to its negative input side. The output
20 3la 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

25 the input line 21 through which the output of the first frequency



is, to performthe commpbn wave extraction,.gse frequency of fset and

the filtering. The comobn wave extraction and the filtering are 10

possible by the digital filter technique, while the frequency offset is

possi bl e by the digital quadrature nodul ati on. Ei ght h Enbodi nent

Fig. 8 shows an arrangenent of a receiving circuit according to an
n

ei ght h enbodi nent of this invention. In F.g. 8 there are shqwn a
antenna 1 for SO0¥ERERgCIECUlty aPa%S@snénﬁiet‘g’lth,W‘Eﬁré’(e éﬂﬂ“%g%ﬁ
guadrature denpdul ating.circuits 11 and 12 for regeiving the . receiyved
signal, a l ocgﬁr‘m u\‘!g&c}‘ s‘f‘ﬁn&P%}%@? athehgeeppd yfrequenpy converting, Giggyifg

m ddl e frequegici es between the rad{ro carrier frequency f the

recei ved signd Passeshtespgativelyar r T8¢ pptpitered deugh apd fifth feilcent
upsi de and downsi de channels and for_outputting the | upsi de frequency
of the upside amwhﬁonmﬁaé?wwoep}qdquwhegwo resistoss aRe gl siton

frequency input to the first quadrature denodul ating circuit 11 while
out put t i ngd t haesistansiedetof reaghentherasand the nodentherebaiwereneds c¢mipledpte to
t he second quadrature 25 denodulating circuit 12, first and second
bandpass filtdhe Bcgative oipput 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

10 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.

15 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

Al S5Sn corresponds to a common wave extracting circmit 5p, the balance
monitoring circuit 43 corresponds tol a balance monitoring circuit

20 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.



- 66- for waveformshaping the | oggput and Q output of the first
quadrature denodul ating circuit 11, respectively, first and second

Al D converters 10C and 10D fer converting the outputs of the first

and second bandpass filter 9C and 9D into digital signals, 5
respectively, third and fourth band pass filters 9E and 9F for
wavef orm shaping th

tput out f the s

derpdul ati ng ci rcwge‘f@1 VesapéﬁelsFVSF‘;?“ f i eam)adleoglte{ﬂnbelow ofy
converters 10E and 10F for convertin Rfle out ts of the thir and
fourth bandpaseP§fafios of o %mefrgfe. XEMRIE ecarding fa this i@boﬁe@ﬁe&.

a frequency offset circuit 6 for nmovi ng freque ffgets
remai ning in tWell| apdp p%l?s?"SUltWeoFEPé%@@t fxam the irsty/ p
converters 10C to 10F, an offset frequency generating circuit 7G for
performng a rfrequency peEling opivevid 2n while wpsignalhepot fexst is outputtgdount
to the respective frequency offset circuit 6L, a first coomon 1 5 wave
extractingSci rirom the seconskifrequensy sopventingwirowitSent The outputscefntbe in
the | outputs of the frequen offset circuit 6L, a second comon
wave extracti nrsti andi sesd d)lfecsmncactcongewrtgnqamtﬂ 2, 3 are supplied to

uadr ature

the positive input terminals of the differential amplifiers 46a, 47a
for the removal of the non-common wave signals, where the
oo subtraction of a second input which will be described later is made,

10 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

15 25, 26. Accepting the first frequency converting circuit 2 side signal
ep + ey1 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-

20 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

25 frequency converting circuits 2, 3 as comparison signals through



present in common in the Q output and the pptarity-reversed Q out put

of the frequency offset circuit 6L, a first filter 8 for 20 renoving an
unnecessary frequency conponent left in the | output extracted

t hrough the first common wave extracting circuit 5J, and a second
filter 8K for renoving an unnecessary frequency conponent left in the

Q out put of the secgnd c wav xtracting,circuigt . HOK ‘g

- 67- Input ﬁ“%c@ﬂg&% an e&:‘r“i?ﬁ iSBng | he, diffgrrntial, amplifigts of an
operation of t receiving ¢ircyipt according to the eighth, X

enbodi ment . nﬁ% gganﬁe&n@ﬁ,dlfgﬁée%hﬁwamet@pr sempagison signals,apds

Is interchanged with the frequency offset gr ocess as 5 conpared with
the af or enent i BGe§OTUDORt Waveh StBIAlnOUtputhdd aj extracted ast pospbstaptial
frequency offset process permts the desired channel signal to

di rect!y beconommags vave momporenth r@Rethangtbersthapde the comragrr waveon
expectable. In addition, the digitalization allows the
quadr at ur eSdenextoactet ngutpiic tilan isi feedbapked ta ctheadjffepprsialdamplifiers
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
10 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
15 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
g from ‘the second frequency converting circuit 3 output to the
common wave signal output 31a, in order to attain the outputs with
20 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

25 comparison result is fed to the negative input terminals of the



10 the suitability for integration, and cages the reduction of the power
consunpti on. Ni nt h Enbodi nent Fig. 9 is an illustration
of an arrangenent of a receiving circuit according to a ninth

enbodi nent of this invention. In this 15 enbodinment, a correlator 13 for
calculating a cross-correlation is used in place of the comon wave

extracting ci t 5B thir enbodi nent _shown in.Fi

According to tcﬁréeré%ﬁfd aﬁ%&t‘fm‘éﬁ ﬁ&@ 452, Lepe ﬁ%ﬂfh%@’é‘geﬂlfcé‘gﬁ gﬁu@
effected by the digit filter ni que, although the use_of the
correl ator 13 S®a@SetOt aidﬁﬁﬂrg‘? dhe @@“ WH“FHEYprPIhY‘?r NEoPUCHE 20 0NEPRE i on
coefficient if the conponent contained in coqmmn are different in
pol arity from(@dahard Héde, SG‘P@d frequensyr éoaVEFING CEGIENRS QWPHE S(Z20p! i Thle
as it is. This feature of this enbodi nent is_al so pllcable to the
above- descri bedgralsr synthesized Jay &hg rdr&fn;eatlghtamﬁhﬁ@as rﬁ?ﬂ 45ap@re Tent h

Enbodi nent
5 supplied to the differential amplifiers 46a, 47a respectlvely, 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
10 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
15 the second frequency converting circuit 3 side or the circuit gain
from the output (22) to the output 31la.
Sixteenth Embodiment
N Fig. 18 is an illustration of an arrangement of a receiving
circuit according to a sixteenth embodiment of this invention. A
20 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

25  basically has the same arrangement as in Fig. 14, while two



Fig. 10 is an illustration of an arrangenerggof a receiving circuit
according to a tenth enbodi nent of this invention. In this

enbodi ment, only the first frequency converting circuit 2 is provi ded
for accepting the received signal fromthe antenna 1, as 5 conpared with
the first enbodi ment shown in Fig. 1. After the frequency conversion

by this first frequency converting cirguit. 2, a, .. ond .freguenc
converting ci rE}SIOHm! %/sa@(?%p??‘?ﬂe F?e&\%n@? Pdarm%rq?eeglb%rﬁigﬁﬁ 8?tﬁ'kp

i nter-channel frequency 2Jerr]Jo fromthe | ogal fregue si gnal
generating ci rséGPRdagy coilsy At OPPOSHEqiR fagh othsr. ccﬂ%ﬁ‘eﬁﬂgd t%‘?ﬂgerm?%

si de where the frequency conversion is not made iby &Ee first
frequency conuvérthengamer agjthexFighdd arrangemgnt gxcept forgthis poiny. agdythe ed
out puts necessary for the desired channel extraction by a conpon_ wave

extracting ci rdascripsion thereof will bacemitiedhgioy brevithi s Innpperation, 1 Hbe
outputs of the first and_ 15 second frequency converting circuits 2 and 15
agree withSt heasaoof the Figit pdt armangement. th¢ inphase sdgoals: eay b yproduced

converting circuits 2 and 3 in the first enmbodi ment, and hence the
treat nent of tdtethersdcondary sidesewithen intepfesing|withi eackhnpthesnewhereas
hi gh-frequency circuit set, with the result that not only the space

necessary for inhtheiFigui18 mrrangesment2the pobarityowsr onersegopdanh coik is
reduci ble. The feature of this
inverted, with the result that the anti-phase signals, i.e., the Q
Y signals in the QPSK, which do not interfere with each other, are
10 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
15 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
s receiving circuits as shown in Figs. 16 and 17. Although the Fig. 17
arrangement relates to the removal of the non-common wave signal
20 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

25 receiving circuit according to an eighteenth embodiment of this



enbodi ment is also applicable to the second@nbodi nent. El event h

Enbodi nent Fig. 11 is an illustration of an arrangenent of a
recei ving circuit according to an el eventh enbodi nent of this
invention. In 25 this enbodinent, as conpared with the third enbodi nent
shown in - 69- Fi g 3

t he frequency .converting,.gcircuit acc I ng, the receive

ef f ect ed V\nthIBNFQUPHe ?Tﬁ g}ﬁﬂ’ g&)’ér ?]i“?lgsatﬂ‘?c{ﬁcF“ﬂng methé’ﬂd 3
further the g nt| nmeans |s constructed.with Q and ass
filter 9C and hat Aot tBe RFSFTNE 1 BECRYS BERY Sidie & the it &mﬁ?ﬁf tt he

first frequency conyer ciycuit, 2. After the AID nver y the
A/ D converter s%)ggln énd‘E g5cr PE thisnEgRsEBN SR SaMY parts a%l‘ﬁ@iﬁ i g

accepting a frequency correspondlng o the |nter chan el guency
2[err]o from dnarkad awithy shecsampe gielerence Junerals, apgd the de t"éLﬁ‘fl es a
digital frequency converS|on t hus prOV|d|ng a frequency- 1 0 converted

out put of ¥ he deisgeiphionr avidhder osaittade for ovimamisith whileotonly 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

10 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

15 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

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

36b.

20 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

25 38a for multiplying the desired wave carrier frequency signal



made by the first frequency converting cirgyit 2 so as to obtain two
frequency-converted digital outputs necessary for the extraction of

t he desired channel by a commbn wave extracting circuit 5M

Thus, according to this enbodi nent, the output of the first 1 5 frequency
converting circuit 2 A/Dconverted through the A/D converter 10C and

Tt C G e gt el R M A
i PTGl L o LT Yy e
e s SRS Sl St it ST AR adal e e
consunption. The feature of this enbodi nent is also applicable to the
fourth enbodi keeal. frequencyneptpuitingh@ddeentl for summing up the
- 70- Fig. 12 is.an illustration of an arrangenent of a
receiving5 mul@plmaitltonacmwlﬁu of the firstvanealtipliarthddanand tie t hi s
nvention. A 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
10 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
15 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
g multiplication result of the third multiplier 37b and the
multiplication result of the fourth multiplier 38b to output a
20 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.



feature of this enbodinent is that as conpaged with the fifth
enbodi nent shown in Fig. 5 the quadrature denodul ati ng neans 5 for

accepting the received signal is constructed with only one guadr at.ure
demodul ating circuit 11 and the two outputs of the guadr at ure
denodul ating circuit 11 are frequency-converted in a frequency

converting circuit J5A wWhich accepts a frgquenc .corresponding to the
i nter-channel freq %&p\@{"eﬁ ?ﬁs‘f”ﬁBﬁPﬁ P& aBe ‘Pyaéef hersin "‘él‘@)ﬂél“
generating cirguit..4B, . whereby the frequenc converted output of the

si de whi ch is HSFaHQaal Rripet n%%l%‘feﬁpel'a¥ibn iof the f188kredthy obtain two

quadr at ur e- denpdul at ed outputs., . necessary for the extraction of the
desired chann&@RRQokment. aﬁge desired cWaxg nixgqueney sigaal ngccivami t s

5N and 5P. 15 ,Eghus, accor, di r}g to this, enhodi nent, the out puts._of
t he quadhgt desired nBaveacaTieL iffeqnancy signalt Benerasing reopreend2r is ng
circuit 15A coincide with the two quadrature-denodul ated outputs of
the first and SSPPbisd dQatheaicarder trequeney reigeak phiase-shiftingl dizcuit 34 sa
the fifth enmbodiment, with the result that the treatment of the 20
carrier frequdhel 1issphaseiip|delayed tyhim/2on Thenioffset risqguensy sigrali wo is
set, which nakes it possible to reduce the space necessary for the
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
10 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
15 sinect 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
S 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
20 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

25 desired wave carrier frequency signal coswct from the aforesaid



circuit as well as the power consunption. Tlgw_feature of this

enbodi nent is also applicable to the sixth enbodi nent. Thirteenth
Enmbodi ment -7 1-

Fig. 13 is an illustration of an arrangenent of a receiving circuit
according to a thirteenth enbodi nent of this invention. A feature of

this enbodinent is .that as conpared with the seventh . enbod] ment{ shown
in Fig. 7 the ‘iﬁﬁérd’rdat"m%‘" o‘éar’rﬁ'ggl é@ﬂﬂﬁn%aﬁ@nafﬁ?‘lﬁmgégeﬁppw the 3R ea’_\Fed
signal is constructed with onl| ne, quadrature denodul ating circuit
11 and the qudHfsehi Hpaeasy isggna? sm“b?fn?c‘ﬂﬂcﬂ?d Q%f%q{ USBAY psiERal i | ters
9D, 9E and one A/ D cqpverters , QD, 10E. After the A/D conversion b
the A/ D converh&sg-shifiing (circuit 3§OE’,]hlﬁhd4sgim’e'ﬂsetﬁﬁ¥%}é¢dsibm FE.mudbe four
digital frequency,conver sing 10 circuit 16A which accepts a frequency

cor r espondi ng TaBItiplier; & _accepts thgadgsired r mayeneprige rirpgueneyn signali t al
frequency generating circuit . 17A, whereby a frequency-converted

out put of g he sipgstufrome thee carrier fgequenayursignald phase-shiftingiatireitedded in

t he quadrature _ . .
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
10 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
15 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

LN signal is treatable with no corresponding filters.
Nineteenth imen
20 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

25 receiving method as that of the fifth embodiment shown in Fig. 5.



denodul ating circuit 11 is obtainable to enpgre two quadrature- 1 5
dermpdul ated outputs necessary for the extraction of the desired
channel by first and second common wave extracting circuits 5Q and

5R Thus, according to this enbodi nent, the outputs of the
guadr ature dermdul ating circuit 11 A/D-converted by the AAD 20 converters
10D and 10E ay out ut of the digital quenc lgonv rti ng
circuit 16A a st Fea300, 1 thS BaYSu grrgﬁpqqﬁiinglt}osﬁgﬁpd In kg g

quadrature dermodul ating circuits 11 and 12 in the seve odlnent
with the resul@at With (the,sams: refeIenee AYmeLsls, and t?‘r"ed’t?é‘ﬂéﬁb

possible with only on a high-frequency circuit se whi ch nakes it
possi bl e to rcdrscE ylntmil s‘ﬁﬂge %e@éq%@éﬁiz W’E)‘llet?&lYmtf‘%uWﬂlque arrangement of
-72- as well as the power consunption. _The feature of this

enbodi nent Fig. 2% willobepesceibiede hersinheloay. ghﬂ’h thig smbediment, the local
Fourteent h Enbodi nent Fig. 14 is an_ illustration of an
arrangenent offraquemey \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
N carrier frequency signal generating source 32 to produce an offset
10 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
15 signal generating source 33, and a quadrature demodulator 36a, a
polarity inverting circuit 53, and a positive offset side local
frequency outputting adder 54.
N The quadrature modulator 36a has the same construction as
the first quadrature modulator of the aforementioned eighteenth
20 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

25 carrier frequency signal phase-shifted in the carrier frequency



5 circuit according to a fourteenth enbodi-g3¢t of this invention. This

enbodi ment relates to an inprovement of the comon wave extracting
circuit as enployed in the above-described first enbodi ment. In Fig.
14, as well as the first enbodi nent, the receiving circuit includes

T equency comverLing citcuit. 3 o Local: fLeauance. - me s fool qoperat
cirouit 4 o SOy Rhase itting FrgRE 14 bY R Bhtper trealihPP) oL ' "0
L o bRl 3t S oY O pase-wBBGRAEy s
Ut put of t he Sbcand ki BegRe WSHopidendoet) Sirauesey outbystiig,ddder 51
aCcopt | n. th 166t pRGBE. e he | BOUAARCLRBFoR o RhoRE, fitst Soltnler (314
First and Seccnd e BIRBERTIPEr Sosmit i b Fe50nd2gultiplick3PAGte Hontpit
outputs of the integrating circuits 23 and 24, espectively, and
first and secanmegatives offset sidey lagal Squsacyglac - (°°§>-ri mary coils whose
one ends receive the outputs of the first and second buffer
anplifiers 25 and ZBhe Thelavitpeinventingotirenis §di imverts the polarity of the
output of the second multiplier. 38a. The positive offset side local
frequency outputting adder 54 sums up the multiplication result
10 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
15 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
20 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

25 circuit 35 so that its phase is delayed by =/2.



coils of the first and second transforners9%~ 28 are alternating- 25
grounded, and their secondary coils are coupled in parallel to each

-7 3 - other in a state with the sane 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

ded. Further, ._includ i L 10 i f4
t&&ﬁﬁghfngut st feg;neh;rrs:f wame% oo ot B e Aheindes THTA R A 0,
e ir er a i fi 30 i | i ed h
wave oxepalbtngn e ey uagrigrs AERRRN s PhqacreRorrectbdfed it 6.
Secondly, a description wi.ll be made hereinbel qw of an .qQpar.ad L gn of
the commn waWEAVEtGAIEIST  EregueRgy sgnal Cao¢ E.F?l@eﬁﬁ?‘l affrﬁsalgn§8g\1 nt. A

common wave eD of a desired wave signa .component ,and ' n
chgnnel WSV]? N fal CaTBeBo eEf)érF‘]%"&h egeneraﬂnggggﬁlwgbﬁ qumtﬁgje%ﬁ%?gt
and secon requency converting cirguits 2 nd 3. As to the adj t
channel wa¥e $reARENorisARNICOSARS from tll?orﬂf&?én?reﬂb‘fcﬁf;)ﬁaﬂlgémﬁr%?ﬂ?] hg"
first frequency converting circuit 2 _ . .

source 33. T?le- 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
10 phase-shifting circuit 35 which is phase-delayed by =/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
15 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
Y with the output of the first multiplier 37a, is inputted to the positive
offset side local frequency' outputting adder 54. As a result, a
20 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

25 obtainable as an independent output. In addition, it is obvious that,



1 5 and the conponent obtainable from th&%econd frequency
converting circuit 3 are different in central frequency from each
other, and hence the conponent obtainable fromthe first frequency
converting circuit 2 will be expressed by e[err], while the conponent
obt ai nabl e fromthe second frequency converting circuit 3 will be 20

db Th ' ' i ; :
iéﬁ&i;ifng 2 e 16 RS ctmster ¥ ey ot thE ubilfed Bbal, SENERRMe, the | .
secon requen t [ it 3 K [
possi bi | i tg tﬁgg‘,’aioﬁgg{fﬁ%’%%!)%{vgtﬂ h‘é’sé’to%%ﬁgfel&n%m%%%gg; Ih?gﬁ-

frequency co nent.s ,ar e, cont.ai neg in the outputs of the first and 25
second freque@m&q@% tts 2 and 3. These hi gh-frequency

-74- ) I ed b f the i ' ' '
i i R O A MR PTG SR R L
eD + eu romthe, first, frequency,.converti ' I t . 2 .th

si gnal e[ edr] TECEIVARE] CHEpth t"‘ﬁ‘éo‘é’éﬁ%nﬁ’ 4 L‘fn 1 rCE%‘HPQFl{IPFIﬁt Ofgqg’rsr cﬁi t 3,

whi ch are respecti vel assed through the integrating.
: K i y ?n t?n?s embo irgnent, ?n order to obt?nn fc + fo and fc - fo,

invention
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
10 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
15 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
20 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



circuits 23 and 24, are fed to the correspdh8ii ng buffer anplifiers 25

and 26, respectively. Each of the buffer anplifiers 25 and 26 has an

out put i npedance set to a | ow value. After being passed through t he
buffer anplifiers 25 and 26, the signal e[err] + e[err] fromthe first 1 0
frequency converting circuit 2 and the signal e[err] + e[err] fromthe

2Eond LR SRRty LEEUK! 57, 308 bl Erme} BB £l ol

t he transfor respectively. he nu of

Wi ndi ng turns f?%q%%?c aﬁﬁﬂgﬂﬁﬁ%‘gc%défo 5t4r)e nunber of w ndi ng turns of

the primary coi transforners 27, 28 is 1, 15 with the

cesult hat e o oggl ghgighu ShBAYY X 1, 44 ShubECRRSRcton o
frequency " convar! igig, Chteathud: SRLETABATHRO e ! EfomleiifneR, (dEnteqnth

secondary coil e I nstance,

t he se d ilg.of th f A, 28 4.20. h
thei o nbpdiment ' Bad] RORMIRRcA Afsy, Muldblir A7 FRECRRAReMEE (N
it [ j dent ith th f th Al ils. .

Aecordingly. . dhg gRaIedomave, GABRIRE TTEANEREY: ciigpal Produced i (i desirgd

the desired wave signal cqgnponent eD, of the sjgnal err] + err
fromthe firstWAVeqeRRISE EEHAPEDCYn§IED C&Wm‘ﬂu&%d SPH@%i:b?n%Y the Gefdet'

frequency signal produced in the offset frequency signal generating
source 33, a second multiplier 38a for multiplying the desired wave
10 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
15 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
S output of the second multiplier 38a. The positive offset side local
frequcncy' Butputting adder 54 sums up the multiplication result
20 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,



25 e[err] + e[err] fromthe second frequ&fy converting circuit 3 which

are . . . -75 - generated in
the secondary coils is obtainable at the termnal with no troubl es
such as the collision of the outputs of the secondary coil s.

requency. converalng cLretlt 2 whi b el sehel the Seeandary catl of

t he tra_nsfor_r‘ré?eﬂé9 &Wd Qt“'ﬁ%ut(:(?%pg{l?erﬂosg[%?r ff%%}o%z&g%cgﬁg@ﬁeﬁgy frequency
converti 19 oLt Sibhedyy ThFbSIS5P 4, SHCURE SHIFRAY giRbasfle smatuidiBP 12
T R W CU W

t he signal s)c/)lﬂfteééti%ﬁ'gl%‘an‘fi@ ¢ han rp%pge%fqns,ofo%e t‘ﬁﬁ%ﬂ%ﬁﬂ?leegﬁgﬁgi‘ggfg&

t he out put _i npedances of the buffer ﬁrrpl i fier 6. bei,n

: 25, 2 .t
si gnal soud cesthg cdesared Vs \CABRT vHIEQEENGY ﬁsigf‘é]d mq&o%f@peﬁegqggewavc

conponents other than the commopn conponent, i.e., %he, )
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

10 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

15 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

20 offset frequency signal sinoot 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.

25 cosmct X cosmot + sinwct X sinwot = cos (we - ®o) t



conponent e[err] fromthe first frequency-tQQverting circuit 2 which
arises in the secondary coil of the transforner 27 and the conponent
elU2 fromthe second frequency converting circuit 3 which arises in
the secondary coil of the transforner 28, are 20 reduced due to the |ow
| npedances. In general, the buffer anplifier can be realized

with a itter- dusi ' :

of _usi g eg“m ﬁég_éfft@f’“ﬁ?'hgfeﬁﬁa%‘éé#ﬁ%@ Z'ﬁg%rl%# HRlmRT 380,81 B, £78°
ased on e W I S n : : ' :
pri ncic ple 25 mu%‘ﬁ’lllerﬁe%gé‘s%e@awriﬂg Q%ftg'FZﬂggdfa\évu%e\éﬁro?blﬁpg‘sﬁ%hisig,eda
t ransf or ner ce . S cr - -

conpri ses two teofllﬁ %;f]l@rqu’ ghv(frffplgr F}r,cuhtné&f h%n%o’it? E’[VéF'%F iogxtggtédt%éetger
rimar C t il L2 i d i . .
?o: Itag)és End Wiott ﬂ&r‘*‘%ﬁl‘% (ﬁ.t %’(E)%eﬁ?sés’lﬁ’i’éaf’ﬁ@r ca:’&q? fsggﬁ]‘?@lg‘l tg’?l Eeérg%lve
ol lows. Let it dth h ' '

| Terr], thS scffimtapide 1652 fregneney ouipuling adef ] AL e "ooiibade
devel oped between the term nal % of h«i: VBri nﬁrg/ (ioil L[err] is taken
as V[err], thdreguansyeof @c + ®o, 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
10 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
15 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
N embodiment allows less power in a receiving system, simplifies the
| circuit, and permits reduction of power consumption. In Fig. 24,
20 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

25 first Fourier transformed output obtained by the first Fourier



devel oped between the term nals of the seegidary coil L2 and the

mut ual 1 nductance between the primary coil L[err] and the secondary

coil L[err] is taken as M In this case, if aload Zis coupled tothe 10
secondary coil L2, the input inpedance Zin viewed fromthe t erm nal
of the primary coil L[err] is given by the follow ng equation. ( 46)
err] e fnrmer £ Eucthar  the vaforencs  miemaea] EA A cris - 46) 1
[5 vv]here [err] fg{%lsel agzangl:\mpe’frgh%eﬁ%?engﬁdnﬂﬁqrﬂ L?% ?TH%{F@ 4| nost
equal

that is, if Z ndt Hgta input . lhrbetjtftoP nﬁ%ﬁ%ﬁl&a azlsﬁcBlé‘io Cégéll]; %tsi at.e,

[err] e e el

Subsequent | y, by thee frequensey, sc‘g’e‘ﬂelpﬁgar‘f“&b‘é% Qg the qflﬁé’f&}lk“' demodulating

err], the in i rpedanc n. beconmes as fol with the result that
[7 7] B £r0u1t nrr%mmera‘f gg indicates a seconci %Nsurler transformer for

5 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

10 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

15 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

b weighting function device 70, numeral 72 indicates an after-
processing circuit for performing an after-process of the

20 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



t he i npedance nerely depends upon the inducpance of only the primry

coil. [err]

....(48) Accordi ngly, the input inpedances of the primry
coils of the transforners 27 and 28 are affected by the | oads of the
secondary 1 O coils. Returning back to Fig. 14, when the

principle described wth. ] reference tg Fi 15 4 s applied.thereto

t he buffer an.bqurisgr?o%{erzélansform PB%(ifsssaﬁberFﬁf’t ﬁé‘dsmﬂn?g’tﬂlrgéi ?%&ottes
states, and the respective prinar cojls of the transforners 27, 28
operate in a &fat?Y tl%@rfq{pgfax}/sfogni r%’éﬁ‘é%ces of the secondary coils of
the transfornmers 2¢, 28.are . Zero ort-ciLrqguite t at e)..
Accordingly, in Fi .ecf’mdﬁheasfiwwuon Wﬁf&lﬁ' r‘B‘i‘fh%c}Pe[rﬁmqiei‘aWd of[ @] do not
i nduce a vol tage between | he iegrm' nal s . off eEch of the,secondary

coi I's. In gen@Psrational, principle, pad, ape operation of thei twenty firsti gnal for

the transforner .is treated_as _ a cyrrent, ,and, _ .
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

10 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.

15 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

N output 63. On the other hand, the second received signal y(t) is

inputted into the second Fourier transformer 65 to be Fourier-

20 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.



20 the magnetic flux proportional to thel@seduct of that current and the
I nductance of the primary coil breaks out within the nmagnetic core

of the transformer. A voltage is induced in the secondary coil in
accordance with the tine-variation (differential coefficient) of this
magnetic flux. Now, when a potential induced at the term nals of

-7 8 - : thﬂles‘;gps?dﬁ%mg%'olndl‘%ounetra Gis osirfczd (Eu 'psgsf é3e gISalarg 2

can be defi ned

I f
iriving the fed intprihe Roridlatal 8. CORRC CoreaRis 6% Belel e thpuative i <

d wh fr th Sld as, descri be
betofe 1t depasaeponents’ Sf5he FieH ﬁﬁ%’e%%ﬁgggaﬁéufl&fa wensﬁngu?dar@gpazs By
h d 1 One of res t his odi_nmen i ng
i rorent frofio ot evely freapficy 1o, CRlenia. 5 oatfisionthef tcogrelagber 08

driven w t§] ®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

10 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

15 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-

b Fourier-transform-processed, whereby the processing data is

restored from the frequency base information into the time base
20 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

25 wave does not come. A non-desired wave (existing independently



vol t age source. Secondly, a-dd4f description will be made

her ei nbel ow of the integrating circuits 23, 24 additionally serving
as lowpass filters. 15 In the case of the integrating circuits 23, 24,
when the integral capacity is taken as C, 1/C becones the integral

coefficient of proportion. However, in a case where the input signal

5 EXPresst bl Geuvecn ol gRAr Sy, W S158) RN PERGRED lgaze! 2k
uhi ch exii bl Befbre2fy phERMEI SoEBAIAG" oI Shiased oK (BHNE Where. K

cha_racter:cstih iI's for ~¢anc I!n_g _ ent’i
when the 1 nduavA0EE h EORERIGIL of correltiom: ©Tnd AiBHRbh"BpREsiciCip' ¥
proportion [err Iéléaggﬁears if@%}he differential output so that the

transforners ey dYJsency 25 characteristic. That is, the
i nt egrat e% frequency characteristic of the

-7 9 - first and second fr cy converting circuits 2, 3 to the
conmon wave extraction outp made to be even. If the frequency
Addition 2
Coefficient of Correlation
N4 .
| R = 1Y Re (x"-y)|
2 2
o V(SIxP)y (S iy P)
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
el 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? Pyo)/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



characteristic is even in the frequency rad@S-of the signal for the

other circuit elenents, the integrated frequency characteristic H of 5
the first and second frequency converting circuits 2, 3 to the cormon
wave extraction output is expressed according to the fol |l owi ng
equation, and the frequency variable co di sappears so that it becone

even. 10 - : etd | : : inh 3 :
..... (50) calculation /2§ geggc rnll-%%% vgb%vgl,e f%de\fpeern ggn%fsat eleﬁzovr‘ﬁk’}ll)cg1 vl\ksavléI n

extracting num%‘efF“‘stinPeeitﬂg b1 CLSTEN o .cb@?ﬁiéi%ﬁ?is‘ﬂ d CbL Colirh: tfht <
prior art uses a Current solUrce as a signal source for drTvihg the
transf or ner, i of di hj Eﬁﬂf e i
enpl oyed as t\kllﬁe\ismbU&ogi aﬁ;l]‘i gsoﬁggéé&gﬁdbﬁna{a?gﬁl on,htg/i pghglﬁg g@% aré/f!S
coils of the ransforners being coupled in parallel to each other,
t he i npedance the foilgpvx?xlgeegpgﬁgpm mer can be raised only in relation to

accor dances 20 i PAPARDRG (e B0 FERRGPRe Safl refbedin e BB RRE 3 K

secondary coil.s_ of the transfornmers, with the result a | oad effect
due to an irrpe’tﬁance close to zero arises for the non-comon wave.
Accordingly, although in the prior art the difference (ratio) between
t he conmon N-1
I(55) , N4
gR) = (1-R%) 2
w (N=2)
Y 2
..... (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,-g(R)dR=—_PNo
2 4(N-1)
is (53)
o 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.



wave and the non-common wave in the circui-l6- 2: 1 at nost, 25
according to this enbodi nent the difference can at |east be

-8 0- increased up to nore than two tinmes as conpared with that of
t he prior art, thereby providing the renoving effects greater than

t hat of the prior art. Fi ft eenth Enbodi nent 5 Fi g.

16 is an illustration of an arrangenent of a receiving circuit

enbodi ment rel at es PN = limdi 0 she—F ourteenth enbodi nent

shown in Fig. 14. In Fi ﬁ?"‘lé,(Np'a 1s res ding to those in Fig. 14

are marked wth the same nunerals. The difference fromthe 1 0 fourteenth
embodi ment is that an input line 21 through which the .out(®4) of the
first frequency converting circuit 2 passes and an i nput |ine 22

t hrough whi ch t he oThautis,othe routpetdsdnf peopenion to 1/N.converting circuit 3
passes are connected with first and second non- common wave si gnal
removi ng circuits 4Burthérmbie,h aadesatiptionf wilt be made hereinbelow of the

according to a fifteenth embogi ment (1; t hi %nvention. Thi s

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
o/ signal exists and regions where it does not exist. The amplitude of
10 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

15 wave component is:

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

where Pgo(k) : power of the kth frequency component of the desired
20 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

25 the following equation.



1 5 inputs the outputs thereof, respectivéDy- The outputs of the first

and second non-common wave signal renoving circuits 46, 47 are fed to
a comopn wave extracting circuit 5n. Further, the input |ine 21

t hrough which the output of the first frequency converting circuit 2
passes and the input line 22 through which the output of 20 the second
frequency converting circuit 3 passes ﬁre connected with t ? bal ance
nonitoring circuit ic.ch receives the respective . ut put.s a

conpar i so% si gnal s.r%ﬁﬁ’m@att E’ﬁ?"'&@aw&ve{ﬂ%“'&%&ﬁ&ﬁ Wt 1 O‘REP r4gna
extracting circuit i to—the—f+eguency——offsetcircuit 6

and further fed as ratiohiofddesised wavefeomdeaired maviet dni dmput rsignal 25
43. Other outputs of the comon wave signal extracting circuit 5n
-8 1 - 5 are fed to first and second non-conmon wave signal

detectin circuits 421_r ' The first and second
non-comrgn wawd &i 6%—?%;%9 41, 42 accept, as a second
i nput, the out put s of t (NT lt) an®svecond frequency converting
circuits 2, 3

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

10 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

15 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

A4 unbalanced signal.

20 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
25 multiplexing digital modulating method such as to deal with a

quadrature modulation signal. In this method, two quadrature



5 through the input lines 21, 22, respeeiliOBely. The outputs of the first

and second non-conmmon wave signal detecting circuits 41, 42, t oget her
with the output of the balance nonitoring circuit 43, are _ supplied to
first and second synthesizing circuits 44, 45, respectively. The

outputs of the synthesizing circuits 44, 45 are fed 10 as a second i nput

to the first %&@ﬁfe&@&s”%écﬂ&%g%v%fﬁ MR result (Hat THYEEtfy T 1S 46

47, respectiv ot her “arrangement's ar sane as se in

Sy L X EPleor FOTRRNA YR S ABE! Lumpion® koS UbimpRgP R 2 |
omted 15" systrm, . Y EnbedrERLRG O YikkalEmELS TR Wkhe B °"
frequency condbis omBefiER, 5he hhadrahl (demSaRtR "Bty 1And BeRdst 1 e
rom the seondcLATMENIANS5' FRSCALY SH1nd ADSeQHBN? 8 phbfon”the
BRI N e G MR -
e LS b b e SR oH ), T Bl e quadhBhi !

demodulated output, essentially necessary but not lost, due to the
complementary local frequency.

10 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

15 ©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

o low-pass filter for cutting the high-frequency band of one output
signal of the quadrature demodulator 11, numeral 87 indicates a

20 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

25 filter 87, numeral 92 designates a sampling signal generating source



25 non-common wave signal renoving circurl®M6, 47 are supplied to

-8 2- the comobn wave extracting circuit 5n. These inputs to the
comon wave extracting circuit 5n are basically the first frequency
converting circuit 2 side signal e[err] + e[err] and the second frequency
converting circuit 3 side signal e[err] + e[err] respectlvely

Accordingly,  hevihg U FBASHBR SFGpByiaChl Blbe a%ﬂg&gﬁmn wave

si gnal eD i s ext ract as des in ter &%bmon

wave exthagt h”ﬂreﬁ'ureﬁH t e (Iiﬂﬁn o%t&l%n n‘gvo HO}"éec\é?{:édthe
t ¢ 'é'Je 3 7 {the

conmbn wave extracting circ an n8t “comnpl

4.
MﬁBmdf Yﬁ&?%ﬁilg@?fﬁ;ﬁgﬁ%‘;ﬁgz%j ggézw Mﬁfﬁf 932 g”fc&ﬁﬁsflunc omrgéag
the secondary o gSQd 1 ?e ( 8 § A, 85 I 2 rain, O .
extracting circul n ASUTTTC , u \pé
surtictentty f5araPReSs ofsyflng Qﬁﬁépﬁahifﬁgiﬁﬁoﬁ%vke Jf#iBnants the glelayed
not be accorrplﬂxﬁpee qriﬁﬂf fak Céh%nts%plﬁl%r ptutl]siess tS 3R fusatcggcrldlsg tdO 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.

10 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 frequency signal from the local

15 frequency signal generating circuit 4 to give it to the second
multiplier 79, thus performing the frequency converting process of
the received signal.

N Secondly, a description will be made hereinbelow of an
operational principle and operation of the aforementioned twenty

20 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

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



this enbodi nent, the comon wave signal oudp@®- 31a once extracted is

f eedbacked to be conpared with the first frequency converting circuit
2 side signal eD + eul or the second frequency converting circuit 3
side signal eD + eU2. For this conparison, the 20 aforesaid first and
second non-common wave signal ‘detecting circuits 41, 42 serves as

conpar ators. remove SthﬁrTﬂgﬁ}-‘f o 0%Hxﬁ%@hﬁeﬁ?ﬁr&lﬂg{vgﬁgﬁsgdPEm&UQA}et he

synt hesi zi ng circul or torrecting t put romthe

nput 1ine 21 Al ol (s P Weehha AR boivert5R090031. 25For the

converting circ passes and fromthe 1nput [Ine
-8 3 - | . e ; ogyers,knNg circuit
3 passeshoEORySforl itpriGh i RnBZATDE ohTBHERTIOG Y ThETE DT

common veve S AHETRIAAY SDGEYhSSplpynd, st BherindlBoiree g2 it
convert 1 n0sc!Ietkke Jisk Jind | RBhaS/BTSRvERE- 30, LY RGN By, e
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
10 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

15 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

20 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.

25



other at the stage of the signals fromthelilnput |ine 21 through

whi ch the output of the first frequency converting circuit 2 passes

and fromthe input line 22 through which the output of the second 10
frequency converting circuit 3 passes, or in the whole range up to

t he common wave extracting circuit 5n. Wereupon, if these signal

strengths are signifj,can el B r, the difference

is treated as a nonﬁggnng% &g$§ géﬁg E%ﬁfg;ZESpﬁgﬁgz, even if one has
a sufficient signal strength, the signals are not used effectively. 15
Thus, it is effective that the output of the commobn wave extracting

circuit Sn is conpar edﬂ%@?@%ﬁ%&%f? nglg_i ?é@a \r/]vgen t he out put s

of the first and second circuits 46,

47 and the conparison result is conr s Wigt B, t f t bei ng nade
of ASPPS I Amcfe S0 Tk 838} Johea®

in the whole of the circuit. This b acco shed with
t he bal ancS nmonitoring circuit 43 and a path that t he ou:@% of the
bal ance noditoring circuit 43 passes through the first-a econd

synthesi zing circuijs 44, 45 and feedhacks to e. . first and secqnd
non- conmon wave Si g Ith’rseﬁBUPﬂﬂncitﬁ?xLﬁq}@%ﬁg“ﬂf?%(o is 8() = O, *F?‘QS' Ty & an
detailed illustration of the fifteenth en‘{)od' ment. 25 shown in Fi % 16,
where parts cotQRSAERHGNY iso talkRis of 2 ppylti-chagpgl communication systém

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
10 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.
15
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
20 other, 2fo = fb, and hence the input signal fyn can be written as
follows.
N-1

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

i=0



-84 - marked with the sane refereht@-nunerals. 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 anplifiers 46a, 47a, the outputs of

whi ch are fed 5 to firstyqnd second integrating circuits 23, 24 which

hiegrating cirouits ”rzf Bioy SBE R C4° e L2 A L B L BRI oo

anplifiers 25, 26, redpectively. The outputs of the first and second
buffer anplifiers 25, 26 are feedbacked to their negati VZ éfput
sides. The outputs of 1 0 the first and second buffer anplifi 5 25, 26
are applied to one ends of the i mary 0| | s of transforma[)s. 27, 28.
The other ends of thas signal ,group WQS’(%F%C% FAYEGYs COPNEFIOB 7DEHIE 4 o
grounded in the form of al t er nat rr nts. The secondary coils
thereof are cdlipgatdcppversion. p&l‘ag?'&miol%égﬁ ﬁﬁﬁﬁ?mﬂb GORVETHIRR 4% e
polarities, and a junction 29 5 between gne ends of the secondary coils
equal in pdl araffscted thdower th@prﬁ%ﬁ}e}i‘c&obb’s e tandy dhe freguengy o Mal |

while the the other ends
resultant signal is taken as fpc, this frequency fpc can be expressed

by the following equation.

foc=finxfLo

10
N-1
=y Ai(t) cos { 2n (fc-fro+[2i +1]5) t+ 8a(t) }

i=0

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

i=0

N-1
+2 Ai(t) cos {2rn (fo+fio+[2i+1]£) t+ 04(t) }
15 i=0

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

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

frequency is increased to two times the RF frequency. Accordingly,



thereof are grounded as alternating currentlst3-The junction 29 of the
secondary coils is connected with a third buffer anplifier 30 the

out put of which is feedbacked to its negative input side. The output 20
3la of the third buffer anplifier 30 is fed to the frequency offset
circuit 6 and further coupled to the positive input sides of third and
fourth differegye fﬁecﬁfﬂ_ﬂdyf 'f%? afied, tHe’ Fréyfifénky EORVARHI id4m bePivéd ds
of a differential anplifier 50. The negative input term nals of the

third and fourfifa dolfRig ieuationl. i fiers 4la, 42a are connected with 25
the input line 21 t%rouﬁ%vﬁ ch the output of the first frequency

- 85 - converting circuit 2 passes and further with the input |ine
22 t hrough which the output of the second frequency converting
circuit 3 pas =:§§%Qigbively. The outputs of fourth and fifth
buffer anplifiers . are coupl ed through two resistors R equal

I n 5 resicstance, to each other, and the node therebetween is coupled to
t he negati Ve input term'% of an eighth differential anplifier 50.

Further, the outputs of_ 'eAtlh(itsdcggd{ 5%11( %?-?Li)f*e_r[eﬂ{ L3y ]afgﬁ)lti.{.ieeag(%) }

i=0
N-1
+Z Ai(t) sin { 2r (fo-fro+[2i+1] 1) t+ 64(t) }
A i=o0
..... (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
e 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).



4l1a, 42a coupled to the positive input terikildal s of sixth and sevent h
differential anplifiers 44a, 45a, while the negative input 10 termnals

of the differential anplifiers 44a, 45a are coupled to the out put of
the eighth differential anplifier 50. The outputs of the si xth and
seventh differential anplifiers 44a, 45a are coupled to the negative

I nput term nals of Ahgofl&ﬁ%}atﬂﬂf iseaied ?Ef ﬁﬂﬁ%ﬁi&ﬁl eanm a&pkhg l\?végat%

47a, Irespect ively. Figs. comm neve
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portion represents a negative frequency, the second portion

represents a negative time axis, and the lowermost portion shows a
negative function.

10
fre = A(t) cos {2r (-fo) t + 0a(t) } + A(t) sin { 2r (-f)t + 6a(t) }

= A(-t) cos {2x fo(-t) + 6a(-t) } + A(Y) sin { 2w f.(-t) + 6a(-t) }
15
= A(t) cos {2= f.t + Qa(t) } - A(t) sin { 2x fct + 6a(t) }

(W, Fig. 28 is an illustration of an A/D converted output with a
negative frequency domain. The physical meaning of the negative
20 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

25 rotation on the frequency circumference is reversed. It can be



Secondly, a description will be made hereirddél-ow of an operation of a

concrete exanple according to this enbodi nent. As well as in Fig. 16,
a signal e[err] + e[err] is outputted fromthe first frequency
converting circuit 2, while a signal eD + eU2 is outputted 5 fromthe
second frequency converting circuit 3. The outputs of the first and

Bﬁif’?ﬁ??ﬂ‘;ﬁ?@% SFARES, LD «fik i Pt o HURUPT I cindigaiel "8 stasg
2 Second. | nputtiih n0ef e iR Aaffiies 8?“?*? Sifsdfntepence.; Mibedithers O
vave ext racti igrSK Oruanoh”Hia el GohRRS 5 lplementedly k@%&%@ﬁ@ﬁ%‘) ar e
erving ab a 1Bs pRCGT RiphirGy &b%%wwwﬁ?roﬁbﬁ%ﬁlﬁ%ﬁp Blbione ' 6a” Lo
frequency BﬁvZ?f? o ienafiRle, tag JOF cfignal dnd the fieal $ERE ‘tfff?]to e it
he.butf or ampiid (86Feng SEBHpLEH S o9 SeENS Wihoea ofber in FTRLN B 1 n
the Tourteent hro‘%&?ﬁg' 1r2£:t1%>?10\gx]1 ! eFrIegspeéLt?ve rtecrlggxtlcy circles in the
frequency conversion. In lowering the frequency, they complete
with each other to give the rotation in the opposite direction. As the
10 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
15 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
Nt frequency axis continues in the positive and negative directions.
This is for the purpose of expressing that the signal itself has
20 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.



the common wave signal eD, while at the safedéinme the non- 20 common

wave conponents are left. The outputs of the secondary coils of the
transforners 27, 28 containing the remai nder of the non- conmon wave
conponents are led to the positive input termnals of the
differential amplifiers 4la, 42a. The differential anplifiers 41a

42a accept the out pgis ¢f deigr fHarnI @Eds%ﬁ&f”}&elﬁice&é etguggca'w?@%y aggto

circuits 2, 3 as conparison signal$

22, and furt heg; i ‘:)été he Qhtl Ghadtdefte %@Eéfgﬁﬁslt fmt'rﬁs ﬁ%ewségcé he

di fference bet ween se corrparl son sig mhoH Gy
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non- conmon wave svgnal

Ind%ﬁls 11'1u3rat10n 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

10 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

15 conversion frequency fs, the image spectrum over the conversion
frequency fs is directly expressible.

Then, these two orthogonal signals are subjected to A/D

ot conversion. The frequency domains of the two orthogonal signals
are at the vicinity of the baseband, and it is sufficient that the

20 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

25 reception bandpass filter 96 to the first and second A/D converter



10 circuits 41, 42. This conparison resul-tldl &re fed to the positive input
termnals of the differential anplifiers 44a, 45a. Going the other

way, In terns of the commbn wave signal eD, if there is a difference
between the strength of the signal entering the first frequency

converting circuit 2 side or the circuit gainin a range fromthe first 1

Si gnal out put S0 kna €y POh I, PRynts ohe Limblifgr PRTBH, S HCthig, /D
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the resist rs Rl c e extracted out put,K 3la
in the dif ereWE. E%P*}‘}"e E‘H n?a%r‘b%owt?%& lrFE“PBdgfcﬂthe
ge(:qat 've input t%r lnal gtamable 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
10 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
15 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
s 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
20 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

25 possible through the digital signal processing. That is, With the



differential anplifiers 44a, 45a, i.e., thdI§nthesizing circuits 44, 45,
so as to be added to the first frequency converting circuit 2 out put
(21) and the second frequency converting circuit 3 output (22). The
signals synthesized in the differential anplifiers 44a, 45a are 5
supplied to the differential anplifiers 46a, 47a, respectively, thus

correcting thegfdifgt flferéﬁx% YCMOW&’é%x{ | Y9 rftirfu$ U2k of gﬂét BighalL Fi(- &)%Q)I_ and

t he second freguency c ing circurt 3 output (22

according to tf&@aﬁ%}zoﬂlc”ﬁﬂiam&ﬁl‘ér frd eth%&‘éhﬂfsd ﬁmot) aﬁldf ngmgﬁ” tA&aE
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embodi ment of & B Sumption. is "reducible.
Fig. 32 is an illustration for describing another sampling
operation different from the quadrature sampling (Figs. 30 and 31)
10 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.
15 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
Q 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
20 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

25 sampling, the phase space can also extract the components other



20 comuni cating nethod covered by this i-Aadéwion includes QPSK, and

the arrangenents as shown in Figs. 14, 16 and 17 can only extract
conponents equal in phase, i.e., the |I-axis conponents in the QPSK.
Thi s enbodi nment is designed to extract signals different by 180

degrees in phase. As shown in Fig. 18, the receiving circuit 25
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frequency offset type according to this invention, it becomes as
shown in Fig. 33.
Twenty-Third Embodiment
10 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
15 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
(Y avoid the turning on the frequency axis and to produce the
frequency-converted output due to the complementary frequency,
20 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

25 signal being received, numeral 96 designates a reception bandpass

£



anti-phase and interfering relation to eacHX@her in the secondary

coil sides to attenuate. Sevent eent h Enbodi nent Fig. 19
is an illustration of an arrangenment of a receiving 15 circuit according
to a seventeenth enbodi ment of this invention. Thi s enbodi nment

relates to the anti phase signal taking-out feature of the aforesaid

T Fios. 1o antiEy oy CHATRRRRL ARG 10 received RIEN B, & BFYGA rifueny”
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5 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
10 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
15 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
"t generating source 92 to supply the offset signal to the second A/D
converter 91. In addition, the other output signal Q of the
20 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

25 same numerals as those of the I-axis side circuit section, but dashes



i nvention. This enbodi mrent adopts the saneli2ekei ving nmet hod as t hat
of the receiving circuit according to the fifth enbodi nent shown in
Fig. 5. For this reason, the sane parts as those in Fig. 5 are mar ked
with the sanme reference nunerals, and the detail ed 5 description will be
omtted for sinmplicity, while only the unique portions of Fig. 21

arrangement Wi ljl, %dgﬁs £ ! éped Pﬁﬁ{eprhﬁb eino‘%rggp to maké @gganlg (r)ﬂgg gé%ﬁ@%\ptyﬁe&;ﬁge q
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et o e il 387°% Sligle low-pass filter (for example; the Tow pass o U'©
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
10 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
15 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
20 the quadrature 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

25 sampling signal from the sampling signal generating source 92 is



multiplier 37a for nultiplying the desiredl®~e carrier frequency

signal produced in the desired wave carrier frequency signal

generating source 32 by the offset frequency signal produced in the

of fset frequency signal generating source 33, a second nultiplier 25 38a
for multiplying the desired wave carrier frequency signal

for r desi red uave fre al
eans 3 AGERE R thcth sk e 0T ABppRAIICE R e, "0
f | of et réquéncy Srgn fred rh the

| ocal 11 eanency "UPROTOFHEt e difh cid B 8 ICHEN' E e Ropd P,

UL 01 ot e by, P Rl e symplfl PS8 CFRAY
reavency. 1ereddpnnbACilrsEy 8 St ihing mochl PR SR SHsthy°
(e dest 1o Ve SaC Shidfl NBIEAC s, Spmed ) PoeBEOHE et fed D P
frequency si gn&I)e a%%sge'uani féiiecltoi e 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,
10 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
15 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
S signal. In this state, as described in the aforesaid twenty second
embodiment, the offset frequency wo is used as the carrier, and the
20 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

25 signals. Accordingly, in a case where the roll-off rate is below 0.5,



the of fset frequency signal phase-shiftingl@3€uit 35, a fourth
multiplier 38b for multiplying the desired wave carrier frequency
signal phase-shifted in the carrier frequency signal phase-shifting 15
circuit 34 by the offset frequency signal produced in the offset
frequency signal generating source 33, and a positive offset side

el 11 auench o A IopaAeYidh, i R ROl i, o 1%l B!
e U Tl kA hfor® M A0 eyl ofob' 68 070, 218 dgtbeg.
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embodiment. The deskl e ¥oom G above e 63AeY ("R shEpIdE a5 8"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
10 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
15 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
20 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

25 pulse train for the second A/D converter 91 are made to be received



the desired wave carrier frequency signal dérating source 32 is 5

supplied to the carrier frequency signal phase-shifting circuit 34 so

that its phase is delayed by [err]/2. The offset frequency signal [err]o is

supplied to the of fset frequency signal phase-shifting circuit 35 so

that its phase is delayed by [err]/2. The first multiplier 37a of the two
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Twenty-Fourth Embodiment

Figs. 36 and 37 are illustrations for describing an arrangement

"
10 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
15 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
20 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

25 signal being received, a reception bandpass filter 9 being a bandpass



maki ng up the second quadrature nodul at or -3@&bH-accepts the 25 desired
wave carrier frequency signal cos[err]ct from the aforesaid

- 93 - desired wave carrier frequency signal generating source 32
and the of fset frequency signal sin[err]Jot fromthe offset frequency
si gnal phase-shifting circuit 35 which is phase-del ayed by [err]/2.
The fourth . DA 3 p t i T aryier 4 ency
si gnal 5 si%ftgfr cg[ "?gr'%%%{%egggﬁﬁge?&f rlle%gﬁfeiﬁe?y sg g%tg?é?p%aéfe‘{eg%ié@f%&
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ot el o il B P, B S Wi fench Bahchi 85 ol SaS
As doscr i bdd svel e auadisherdemodulbis Tvie ek sebond dider ot o
the conpl en‘ent&rﬁ/ov"tl%/npge llogrggzllsso§'ﬁitér[¢.aéjl£ r]tof r89ﬂluef%%ycutting 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
10 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
15 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
s to 97m for offsetting the sampling clock signal from the sampling
signal generating source 92 to supply it to the second and following
20 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

25 circuit section. Reference numeral 93 depicts an operating unit for



1 5 necessary for the basic arrangenent ofl12W§-s invention, which is

obt ai nabl e as an i ndependent 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. Ni net eent h

Enbodi ment

Fig. 22 is a block di agram showi ng an arrangenent of
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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



5 frequency signal generating circuit 4Al2g-conposed 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 1 O
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mul tiplying ths% esmed mav

d . .
ows the s1gnafs flowing the parts in the arrangement from the

“_ reception bandpass filter 96 to the first, second and following A/D
10 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
15 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
o frequency converters relying on the complementary local oscillation
frequency, whéreby the high-frequency circuit is simplified up to
20 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

25 receiving circuit according to a twenty fifth embodiment of this



25 carrier frequency signal phase-shiftedl2®-the carrier frequency

- 95- signal phase-shifting circuit 34 by the offset frequency
si gnal phase-shifted in the offset frequency signal phase-shifting
circuit 35, and a negative offset side |local frequency outputting
adder 51 for sunmng up the nultiplication result of the first
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converter accepting the output sxgnalf 'of’ Sthe 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



quadr ature modul ator 11. Secont2@- a description will be nade

her ei nbel ow of an operational principle and an operation of the
ni net eent h enbodi ment.” The desired wave carrier frequency signal
[err]c from 20 the desired wave carrier frequency signal generating
source 32 is supplied to the carrier frequency signal phase-shifting
circuit 34 so ha
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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
10 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
15 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-
N processed. Thus, the received signal undergoes the secondary
sampling operation by the second A/D converter 91 and is
20 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.



source 33. The second nultiplier 38a accept30the desired wave carrier
frequency signal sin[errJjct fromthe carrier frequency signal
phase-shifting circuit 34 which is phase-delayed by [err]/2 and the

of fset frequency signal sin[err]Jot fromthe offset frequency signal 10
phase-shifting circuit 35 \/\hi ch i s phase-del ayed by [err]/2. As a

result, a frequency, gf 3[9e 3115%%41&,1'1%% g%bcggl u?ﬁgﬁglres of Nag he

out put of the negative of f oca y-out p adder
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" the delay operation is made t time for wo in the delay circuit and
10 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

15 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

L generating source 92 produces a pulse group with a frequency n

times the frequency wo (n : an integer) and the delay circuit

20 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

25 desired channel signal.



-97 - even if the carrier frequentylof the desired signal is

vari abl e, the signal is treatable with no corresponding filters.
Twent i et h Enbodi nment Fig. 23 is a block diagram show ng an
arrangenment of a 5 receiving circuit according to a twentieth

enbodi ment of this [ nvention In this enbodinment, in order to obtain
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source 32
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

10 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.

15 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

o sampling frequency component leaks in the air, the leakage does not

interfere with the communication, and the leakage can easily

20 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’

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

o



desired wave carrier frequency signal, an-dBRset 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 20
bei ng a neans for phase-shifting the carrier frequency signal from

the desired waye,Gai(! fgsg{]c ﬁgﬂe?ﬁ%reﬁiﬂp%'eg‘?fﬁ%reggé%gﬁo“’fﬁ@ 2D Honverters
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signal generatigngogﬁ le et0312'ecm/cet Qﬁe Oﬁév%g} 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
10 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
15 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
20 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

25 frequency band 800 MHz, the sampling of the several GHz (giga



frequency signal produced in the offset fréddency signal generating
source 33, a second nultiplier 38a for nmultiplying the desired wave 10
carrier frequency signal phase-shifted in the carrier frequency

si gnal phase-shifting circuit 34 by the offset frequency signal
phase-shifted in the offset frequency signal phase-shifting circuit
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"99- maximum value of the time interval of samples necessary for

specifying an arbitrary time function f(t) is considered in terms of

the uniform samples, it is expressible as the following equation and

~ 10 comes to a well-known oversampling theorem.
f(t) = Z f(n )s1n(21tWt nmw)
n=-oo 2 Wt-nr=x
..... (63)
In this equation, the frequency W represents the upper limit
15 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

20 theorem becomes as follows.

f(t) = 2 (fT) S0 @ /DA -0D) oo (8 + £)(¢ - 0T)
R oew 2n Wt-nn=

sin (= / T)(t - nT)

sinz (f1 + f2)(t - nT
P — (f1 + f2)( )}

+ fo(nT)



whil e the output of the positive offset sttld4l-ocal frequency
outputting adder 54 is fed to the second quadrature nodul ator 12.

Secondly, a description will be made herei nbel ow of an oper at i onal
principle and an operation of the twentieth enbodi nent. 5 The desired
wave carrier frequency signal [err]c from the desired wave carrier
frequency signal generating source 32 is supplied to the Gﬁ‘fri er
frequency signal phase-shifting circuit 34 so that its phasé”i é

from the of 18V ﬂceqfoﬁﬂcaeg?%ﬁiﬁ JERE; abfilgd Y AT RE) g of A

the offset fre uenc p e;shif4ing circuit 35 so that its phase
i s del ayed by f Pq%?)b ;ei‘first rmltiplier 37a of the two
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frequency si gnaffmlent 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
10 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
15 shown in Fig. 43 which is a schematic illustration of the channel
disposition in the Japanese standard digital type automobile
telephone system.
Y Fig. 44 is a block diagram showing an arrangement of a
receiving circuit according to the twenty-sixth embodiment of this
20 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

25 converting the output signal of the gain control circuit 88, numeral



phase-shifting circuit 34 which is phase-dé&Bayed by [err]/2 and the 20
of fset frequency signal sin[err]Jot fromthe offset frequency signal
phase-shifting circuit 35 which is phase-delayed by [err]/2. As a
result, a frequency of [err]c - [err]o, as shown bel ow, appears in the
out put of the negative offset side |ocal frequency outputting adder
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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

~ 10 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
15 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
b 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.
20 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

25 on the desired channel signal by means of the secondary sampling



1 0 necessary for the basic arrangement of3thhi s invention, which is
obt ai nabl e 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. Twent y- Fi r st
Enbodi ment 15 Fig. 24 is a block diagram show ng an arrangenent of
a . recelvp&a»' CYkten@c i S ' tthef this
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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

10 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

15 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.

b Twenty-Seventh Embodiment

Fig. 45 is a block diagram showing an arrangement of a
20 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

25 received signal, numeral 90 depicts a first A/D converter for A/D



transforner 62. Further, the reference nunkBdl 64 denotes a second
data input line for carrying a second received signal obtained by the
frequency converting circuit or the quadrature denodul ati ng circuit,
nuneral 65 indicates a second Fourier transforner for 5 performng a
Fourier transform of a signal inputted through the second data i nput

line 64, and e’l:gﬁg{;ﬁ’mg%&t gﬁ-f_.tg &158?0@;@ tgam cdntigl ‘éggh{ta%%f Of iR ral
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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

10 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

15 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

S inputting section 81 is made up of an amplifier 94 and a reception

bandpass filter 96.

20 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

25 filter 96. The signal is gain-adjusted in the gain control circuit 88 to



20 multiplication operation by the wei ghtid§-value multiplier 71,

nunmeral 72 indicates an inverse Fourier transforner input produced by
the after-process of the output of the weighting value multiplier 71,
nuneral 74 stands for an inverse Fourier transfornmer for accepting
the inverse Fourier transformer input to carry out the

-102- hdd&.vsrgﬁrc'ﬁo vel! mnahgmef%e ihhesebl carditnggeial 75
denot es an i nvérse Fourier transform output. Secondly, a
description widik he@RdE RerGbnbRlesOf ORe systemPRAfBAT ONAppBElNgs Pl and
an operation é¥ ?ﬁgltmenty F?rs?fé 55' engodf%%nt. I'n the gPorenentioned

first to thirteentlm copv cgdrenhf thes st b&ﬂb%@ﬁ\!&f@e%[‘ttlhieﬁgrﬁgar e

provi ded the first ahd second Trequency converting circu , the

il Lokl s R
CHECRERS Nt e T e e S R
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
10 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
15 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
(N converter 91 accepts, from the sampling signal generating source 92,
a clock pulse train with a frequency with a frequency higher than
20 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

25 frequency conversion is made at frequency fc - fo and further



enbodi nment, the first received signal is e;g_r?essed by x(t) and

I nputted 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. 15
The first received signal x(t) inputted into the first data input |ine

61 is inputted into the first Fourier transforner 62 to be Fourier-
transform processed to provide the first Fourier-transf rngd, . out put
63. On the ot HATIEENQUL {1he SOEhIPR RPYAALI0D; §PapXiraet tﬁ% CSIrediﬂﬁﬁlai ed
into the second Fourier transfornmer 65 to be Fourier- 20 )

t ransf or m pr o BRYE signphoss @ccomman wane. Fdby idcFesultathe BRBK signal oyt put
66. Wth the Fourier transform processes in the first and second |
Fouri er transfextrantedefrongsthet degitalr outpuid of edbsngeeendiAda converter dhalin
data inputted is transforned fromthe tine base information into the
frequency basethenfoperatingnunit denotes the information including the output of103

The first and second Fourier transfornmed outputs 63, 65
are 5f edthienfirst /T2 ocomteatasr 967andhe phaseedififererge af cUWt degrees.
frequency conmponents of the first and second Fourier transforned
out puts 63, 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.
W/ From the above, according to this embodiment, as a general
10 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.
15 TIwenty-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
20 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

25 the first antenna la, a second received signal inputting circuit 82



65 at every frequency to calculate a coeff_ilgioe_nt of correlation. On 5 the
ot her hand, the first and second Fourier transformed outputs 63, 65
are inputted into the adder 68 apart fromthe cal culation of the
correlation coefficient by the correlator 67. This adder 68 adds both

the Fourier transfornmed output signals thereto. In addition, The
correlation coefficient outputted fromthe correlator 67 is inputted Jl 0
into the wei grrgoepts ubet reecivedi signad obtapred\ethypugh gther é@é@gadanwnna b
Mor eover, the weighting value nmultiplier 71 accepts the addition

out put of the adiist B®qaencyheonvener &% acsepiseitbditiosgivadhgignal from the
device 70 to multiply an anobunt output signal thereby. Thereafter,

t he after- procfissti ngeadivedi sighal dapittimg c¢ineuibf§brtoppectorm of fireguency
mul ti plying operation of the weighting value nmultiplier 71. The

i nverse Fouri egoiversitiorthereafppand 78 secoddc frequenopghonvertent84raccepts the
process is fed to the inverse Fourier transfornmer 74 to be inverse-

Fouri er - t r §nsficeived aigasld frovmetiebysecoadpremedsed ngigdal dnpstting circeitt 82ed

fromthe frequency base information into the tine base 20 i nformati on and
the resultant g gasly fomr #sfresende comviersionwehegeof. Furtheraat localresul t as
the inverse Fourier transfornmed output 75. Then, a description

will be made igsdidator 85 offsethapnrdesiriedt berrier freqirgicye byalé2 eof rthet i ng
principle. First of all, the theory of the
channel spacing frequency and outputs it to the first and second
N\ frequency converters 83, 84, a first low-pass filter 86 cuts off the
10 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
15 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
20 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

25 an operating unit 93 extracts a desired receiving channel signal



suppressing operation will be shown in thejggse that the desired 25 wave
does not cone. A non-desired wave (existing 1ndependently

-104- bet ween two signal systens with tinme) is synchronously
added, before an anplitude conponent is increased to Rtines (where R
denotes a coefficient of correl ation). The operation expression in the
correlator is as fol | ows. Addi tion

Coefficient offros: rtheadigital OUtPl{teﬁﬁ}a of the first and/@ﬁegﬁm[inré[/b CONVERERS R >

o 1R =R 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.

5 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

W of only the communication channel band, before being frequency-
10 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-
15 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
N combination of a pulse group with a frequency n times (n : an
integer) 'the frequency fo and a delayed pulse group with the same
20 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.



when R< 0, f(R =0 15 -142-
..... (51) _ If in each averagi ng wi ndow for cal cul ati on of the
coefficient of correlation the power PNO of the non-desired wave
takes a constant val ue, the power PN of the process output is
expressed according to the follow ng equation. 20 PN =
(Rlerr] Plerr])/2 . Where P[err] power of non-desired wave, R
coefficient of corrdl signgh. group received Thy stheoseeond i aerner b ciseahamged
calculated using a finite averagi ng wi ndow, and therefore a statistic
error takes pliate acsighak of only jthedeemmunicadpncthiannilt handethrengh the
correlation coefficient. The ) - 105-
cal cul ati on ofreReptionadandpass t filker nBépandethers afrpfjuengiriconvested iat the
nunber. Since the real correlation coefficient should be zero, the
di stribution dociHl ioscilasions fredpuency hfe pr babiThis Jochdnesaillationcfriegnendy is
the foll ow ng equati on. 5 Probability density function with respect
to distribfiti supplicd 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
o/ signal is adjusted by the second gain control circuit 89 to have a
10 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
15 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
20 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

25 invention. This embodiment has the almost same arrangement as



I S: [err] -143- (52)
10 From t he above, the average power PN of the process output is
expressible by the foll ow ng equati on. aver age power [err]
15 (53) If the
averagi ng wi ndow for the calculation of the coefficient of correlation
is a rectangul ar vmndowvmth a_length of Tc and_the | ength of the
hanmi ng wi ndovthah efirthg mformsaid h@VWNr@@rht embodimensy Ands tbﬁk@ﬁ”ﬁs TF,

t he nunber N of the independent sanmples 20 present in _the averaging

wi ndow i s as femrespending to thosq of( thg FW?TM’)'Clghth embodiment dafgyl y, when
the nunber Nis large, the non-desired wave process output can be
expressed by tmaerked | wilhnghegsameomumerals and the detailed description

thereof will be omitted for brevity. In this twenty-ninth
5 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
N\ other local oscillator 85b being connected with the second frequency
10 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
15 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,
20 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

25 times the frequency fo and a delayed pulse group with the same



- 106- [err] -144-

..... (54) That is, the output Is in proportionto 1/N 5
Furthernore, a description will be nade herei nbel ow of the

suppressing operation for the non-desired wave in the case that the
desired wave arrives. Wen the signal conponents are band- di vi ded,

they are divided into regi ons where the desired wave . I gnal exists
and regi ons WAESQUEICY] lﬁotar@st&pheﬁ?efrawpmwmg sigal hEeneTAting,
conponent containing the_desired wave,K conponent is outputted with the
mul ti plicati ofO¥¥CE ﬁﬁ.coIhpsci%tﬂm r epRY§ISEr 90 conpexts @’I’C sHenal e,
The coefficient of correlation R(k) .can he ressed by the follow ng

) . ex
equat i on. data centpriagc 98f the degirest chanpel a%lgaalo ity ikhe Be¢rndasivt ai ni ng
a desired 15 wave conponent is:

. .

sampling operation, with the converted data being supplied to the
5 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

s frequency-converted at the offset local oscillation frequency fc - fo

10 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

15 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

20 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

25 the case that the frequency conversion is made at the frequency fc -



[err]

(55) wher e

-145-
Plerr] (k) : power of the kth frequency conponent of the desired 20 wave
conponent within the average time, Plerr](k) : power of the kth
frequency conponent of the non-desired wave conponent w thin t he

average tine.

When, in ternms of k, Plerr](k) and P[err] (k) are

constant values P[e(r apd Plerr], the pon-desired wave suppression
effect i s obt amea%‘l“i ﬁvthezs Pefﬂgmﬁl)ltflﬁmﬁ’ﬂbw@dw j gppration to extralt the

-107-

si gnal

5 [err]
where Fs =
conponent)

10

15

20

25

(t heiiiagha, IHNOQAL]
/ (the total nunmber of bands).

. ratio of desired wave/ non-desired wave i n out put
desired; gignplofs gk GABEORaWIEen- desi red wave in i nput signal
L, (56)

odiment ont ai ni ng the desired wave
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



10 It is found fromthis equation tipag-the inprovenent effect of
the ratio of desired wave/ non-desired wave becones |arger as the
nunber of bands contai ning the desired wave conponent is smaller.
Thus, according to this enbodi nent, the non-desired wave suppr essi on
function can be realized using the statistic error of the 15 <coefficient
of correlation qgbtained by the fi.nite ayeragi ng w ndow, . i4e., the
average time, PIHSE JLpTy Pha mﬂa&seﬁ%ﬁ Buf&ﬁa?mpﬁe aﬂgn_supphes H&si r ed wave
is time-independent!|ly present. between t si gnal syst.ens of, the first
and second re %i‘{q‘ﬁﬁispﬂm %at%ﬁgth&sgeﬁyed pabse draiBgasi theal . 20
Twent y- Second Enbodi nment . Figs. 25 to are illustyratjons
avai | abl e for saEpliRg|pRses to the féﬁsltaﬁg(grﬁ?ﬁfm nééﬁn CSBEP%fﬁ%rgéﬁ %?r Ay e
of a receiving circuit . accordi ng to a twenty-second enbodi nent  of
this i nventi oran Tperating uadoP3. exyacinad desiedi FegaLEing cheanel $gpabd
corresponding to a 25 multipl exi ng di gi tal npdul atjng nethod _such as to
deal with & from dheddigitalcontpnsl dataoefsthendirst and seeendepiBd copyprters
quadr at ur e -1 08- N |
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.
W, Secondly, a description will be made hereinbelow of an
10 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
15 converter 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
20 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

25 channel band through a reception bandpass filter 97. This signal is



denodul ators are necessary, Wth the resuljgyhat difficulty is

experienced to reduce the power consunption and sinplify the
Thi s enbodi ment relates to i nprovenent of this point. In
enbodi ment, one quadrature denodul ator is used, and hence
sanpling is effected in the A/D converter to prevent the
the frequency axis and_ to_produce, fromthe

t hrough a di giRrQPc%ﬁeg

out put, essentiall necesi,ary

not |lost, due to the
| ocal frequen@pd then supp

5

b .
{2’ 19 the8eqands ATh AOTICHET 31 s hRlis

system
this
secondary
turning on

ert ed. out put

. AD | cqQnv
nift theosesand @ain gipntrol GATGUt 89 to Ta¥enayBinesy level

R

arrangenent of a receiving circuit according to a_twenty second
enbodi ment of comverter 91 acpepts v pulse, groyp being & epmhivaionephla Pwsdiot es
an antenna, nuneral 96 depicts a reception bandpass filter being a
bandpass groupt with 8 freguenoymns iupehghe frequeneyl & g aadedaysd/en

frequency 1 5 band, nuneral 11 represents a quadrature denodul ator for
accepti ng $he pulsei gramipsivwithl thensamen fraquescygivehieb arg gawpiplied fromr @aquency

signal generating circuit, nuneral 86 stands for a first

| ow pass

filter for cutsamplingesipngh-genemting ysopserl . ohbusuthetsecond AdDynal of
the quadrature denodul ator 11, numeral 87 indicates a 20 second |ow pass
filter for cutdonvgrteme9hi ghnversuthecgignaldinto data centering on the desired

channel signal by the secondary sampling operation, with the

W, converted data being supplied to the operating unit 93.

On the basis

10 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,

15 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-

20 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



ot her output signal of the quadrature denogylgator 11, nuneral 90
signifies a first A/D converter for A/Dconverting the output of the

first lowpass filter 86, nuneral 91 represents a second A/D

converter for A/D-converting the output of the second | owpass 25 filter
87, nuneral 92 designates a sanpling signal generating source

-109- havi the functjon_of,supplying a cl Lth a frequency
hi gher lepskn b8, DATERCIP b r SEiiiaEn Sy E . nsRtY b fltsid fERd

recei ved signg{mto the first and second A/D converter 90, 91, the
function of reduc€ the nBOWeH-CQPEMNPHORe train to a sanpling clock pul se

train, and the 5 function of, providing the sanpl,ing ¢lock pulse train
and the del ayed It shopids be; ppdarsiod nthak 4the ifﬂgig;mngege(i@% ke enk%t and
second A/D converters 90, 91, and nuneral 93 denotes an operating

unit for prefsared cembhpdimeats refy the cpressat cimyentions; apd thiatofh dhe
di gital output, data of the first and second A/D converters 90, 91.
10 51 n intgndeshitedcruer all chapggsr andr moditisatirns of thej gmbodiments

of the invention herein used for the purposes of the disclosure,
which do not constitute departures from the spirit and scope of the

invention.



conposed of first and second nultipliers 784979 for accepting the
received signal fromthe reception bandpass filter 96 to B,
frequency conversion and a frequency offset circuit 98 1gﬁﬁ%$' %.%AgBEH“
processing the local oscillation frequency signal from the_l ER
frequency signal generating circuit 4 to give it to the second

' ol ST EKRIES L) S ey
25, %

her ei nbel ow of_ an operational principle and ope 4 n
af or ement i oned -t weryreceivings €itsidt GAMPRIFNE. |In Fi g. , thé réceived
si gnal obtai ned . through the antenna 1 passes through the reception
bandpass filter firstoand osecomd ffraquengl converding wireuify fgr saegrpting Aup
within the band fromwhich the I-axis conponent and Q axi s conponent
are ext meceiyed: signah abttaingdadheoughe aterantehnapor 11. These signal s
25 are inputted into the first and second |owpass filters 86, 87 to
-1 10- 5 r eriolecalhérequeingli- signgliegenerating ceigcuity coupledn¢at saidbirst e
are
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
N downside channels and further for outputting the upside frequency
10 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
15 second frequency converting circuits for extracting a component
present in common in both outputs of said first and second
frequency converting circuits;
N a frequency offset circuit coupled to said common wave
extracting circuit for removing a frequency offset remaining in an
20 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: —



inputted into the first and second A/ D conygrgers 90, 91. For the A/ D

conver si on oper, gt converters 90, 91, the WA REEN
signal fromt hﬁmmmna“&wf generating source 92 %ﬁ“é F:EP ng?éﬁo t he

first and seco icomvesters 90, 91 for carrying ouf_the SaRpt+ng
operation. The digital data obtained through this sanpling operation
Is led into the operating unit 93 to be digital-signal- . processed to
provi de a baseband fg{ﬁt‘pégd sgcanck fesquengyy Connprting) Gigcuits foropeeenting i #

the A/D converters 90, .91, an alias occurs due to the 10 sanpling so that
the digital fregebd, sisngkahtaned tggo%ean antengai er war ds becones
| npossi bl e. Firtg. 26 is an illustration of the occurrence of an
alias at the adepal feanencye sigmal cgenatatings coguitgeoupledritg. said fimen
a signal shown in &A) i's supplied and passed through a | ow pass
filter, the md Hsegontdr dtrguengyc SOPYAEIRG | eirevitovidr genenatimgi middle \Wen
this hi gh- f requ_encg-corrponent -renoved signal is sanpled, as shown in
t he A/ D- cobverfrequengipsit betwean ratradio o¢artiey, frequencys ofir saids receivedhi s
reason, in this enbodi ment, neans is provided for avoiding the
turni ng on theignalguedcyadia scantier hfrequencies hef adjacemtnapside tamed 20
alias. This will be described hereinbelow with reference to
downside channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
Y frequency input to said first frequency converting circuit and for
10 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
15 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 second
frequency offset circuits; and
20 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;

This Sheet Has Been Replaced

I,




equati ons. Now when the carripgifrequency is.tiaken-t-o-be—fe—
and the r frequency is taken as fo THt&SHéHTdASiw
flerr] can be gyﬂ follows. 25 REPLACED

-111- f[érr cos{ 2[err] (f[err] “~fferri ) F
[err](t) } ACt) cos { 2[err] (f[err] + flerr]) t +
[err]a(t) } + A(t) sin { 2[err] ( flerr]
flerr]) t + [err]a@ )loc}al frequency signal generating circuit coupled to said fll‘St
(57) In this equation, the phase signal [err](t) is [err](t) =0,
[err] [err]/2andespgond rcquenexngpwr&mgorm@nt% 6 generating | nel
communi cation system, such as a PDC. Fig. 27 is a nodel show n

state of a rededgnengies betweghnderadio acamprufréﬁam Qfo rivisch |t%ﬁ€ilﬁﬁ§lsystem

Now, let it be 1 O assunmed that as shown in Fi 27 the respective
channel are signaldaagdozadioacamier ftequencies of Bgﬂﬂqehié ppeideeabyd axis.
Further, it is assunmed that the channel spacing frequency is fb. Wen
the N 5 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 frequgncy converting circuit and for
outputting the downside frequency thereof as a conversion
frequency input to said second frequency converting circuit;
10 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
15 present in common in both outputs of said first and second
quantizing means;
a frequency offset circuit for removing a frequency offset
Nt remaining in an output of said common wave extracting circuit; and
a filter for removing an unnecessary frequency component left
20 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

25 and second frequency converting circuits for generating middle

.\__‘_‘-
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channel s arrive a;éi bei ng passed through $he input figterof.the
receiver,

. (58)
close to each 20  ofhef,

the inp

witten as

[err]

10

15

20

25

Y e

and hence the input—stymeat
fol |l ows. [err] -112-

p 4
q
g
3
[y
(]

frequencies between a radio carrier frequency'’ ((»fr’ 9s)aid 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

This Sheet Has Been R

T



Thi's signal gro&p undergoes a frequency copygrsi on bei ng a di rect

conver si on. ener al frequency conversion is .
| ower the freq mm/ mml ’ m i&nd the frequency of the IH&&tBEEN
signal is take frequency fDC can be e LACED by t

fol |l ow ng equatlon [err]
. (60) In.th bove equaéj on, the Jater two are or&ll nar i

2 0 easil y blfm%?/s WEChe @ Fag10: REHEY ﬁHFﬁ'&‘%r? tq bECE ¥t he

frequency is inpcreas to . two times _the RE frequ Accor di nglyy,
g y Pgn g radio carrier frequencies of a?ljagent upside a%dy

downs1de channels and further for outputting the upside frequency
of the upside and downside two wave frequencies as a conversion
5 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
10 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
15 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
N remaining in said I output extracted through said first common
wave extracting circuit;

20 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

25 circuit; and

—_—
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-1 13- the frequency fDC after thgS4-equency

gi ven as the follow ng equat I on. [ er "'ﬂHIS
....(61) 10 Hlllmmll"n"\ e, sone channel s causes ’l
negati ve. equency is negative. Th nRdlts

.polarities
is inverted,

is reversed.

of t e hafse rotating plane of the QPSK 5|gnal

hat the rotation of. t he SK

ccor t?ﬁ 3\9 Rl"?y’PBYH‘eg A dnegessary, fraq

Qnver si on can be

Si gnal

dncy is

negative, the cgmgongﬁpr}%hlaqgfnsg 1 af! datput of said second frequency offset

5

N
10
15

S/
20
25

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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Subsequently, for digital conversion, thisiggnal is supplied to t he
A/ D converters 90, 91. In this case, the A/D converter 9,
equi valent to s "J: mg out puts thereof take d gﬁfseSHEET HAS
In the discret eﬁm mms"llr I mnal s before and after fhe umfgﬂyce
does not al ways have dne-tofong relation to each other. 4
cases, an alias occirs. .Accordingl y.,. the.signal to be A/D _econverte
is made to be Iowerﬂfitaﬁm?/ %eg?nghél%f% fgvEmavine unnecgssagy, ofredugncy

' ' ' . ' . jon are ed
plurality of conversi 8& ?‘Eﬂ{ﬁ%lu trains {p%rtstgte sé{cP first an8onvers o] us

(hi gh- order sa#PPPREY ng mm ou second common

A consideration is taken of a.physical neaning of the negative

frequency to fYAYCa SRERCHRE L%Fﬂ'éts['he negative region on the _
frequency axis, In the fallow ng equation, . the carrier of the QPSK is

set to a negative ffedEsH¥ing 1¢ c‘b‘gs??’iﬂBﬁlsH?gﬁ he negative signal is 5
noved mat hematically and the negative_ signal .is rewjtten tg tipe

and functi gn val ue.%/lffﬂ aRe ﬁﬁ??g&/i AYadreatare cﬁﬁmpﬁgﬂgg%r%qlts for  portion:

represents a negative frequency, fhe_second portion represents a
negative tinme KEPLVINgn@ FeeeiVE e s1anal pbtaine Hweughaan 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
10 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
15 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,
N/ respectively;
third and fourth quantizing means for quantizing an I output
20 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;

i



negative function. 0 err

_ 1 fler
AT T
15 = A(t) cos {2[err]" f[ferf

flerr]t + [err]a(t) }

..... (62) Fi 28 is an illustration of an D converted out put
with a negat i \%W?%‘ﬁ%é?ﬂf?%ﬁ?ﬁ'e FXLrAGHRS; Gérlcuh%zgﬁ? RS hegati ve
20 dormai n of the frequency does not differ. fromthe behavjor of éhe
posi i ve. freqGRMBPIEHIAPIESEEt 1B, CAmMOm. jpn saidh D spEt &, &#ids Fecon

However, the expression of - fc neaps.that the.fc ., s_treated as bein

posi tive and ﬂﬁénﬁé%épﬁan%i@éjctsia&fﬂ Qnoptpats pE sadd cloursh squantiziasg means
direction of the line of sight is opposite, that is, neans that the 25
rotation on t EeversegudncPoldBiBinf erence is reversed. It can be

-115-

] = A(t)1§@s {2[err] (-f[err]) t + Oa(t)
t ' A Q 2
IJi[ﬁrr]a( ) } tT_’ HéET S [err]
]t

{ 2[err] flerr]( HAG-fige

+ [errla(t) } - AL) siRERAgEsrT

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

W offset remaining in said Q output extracted through said second
10 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.

15 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
20 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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considered that the fact that the frequencys5fs zero indicates a state

that it does not - the circunference. Sing e QESK
operation t hat [emvg‘mg‘tﬁlﬁ Bi“s i mpl ement ed at that posi HEET HAS BERND
spectrum si gni fi es*the n »of the QPSK informationt—. .5 REPLACED For
exanpl e, the RF signal and the |ocal si gEaI shf ed to the fl;sth 2TTe
second mul ti plej er . | ght _with each other in_terns of i

rotating di regﬁeo‘?lu@gmtlﬁg F%%qp%%‘flflvgef BERIEREY @Fr 81 SODVRISIAR ?wquency

i Qn. [ t,he f t hey .conpl ete wth
cnch ot nar t o IR B, sald), ScUBH Mhappopd RBGHAtAEY e the 1 o
f oach er the rotating speed decreases and the
rotation stops finiRey AN shCond gisntApEmees (9% BERsERs.an I output

di rection speed,of e local si l.. si de becones hi gher so that the _
rotating direBBfof @M&Pr@.ﬁg@&fst quadrature d HENGRIEUIti n t his

theorical devel opment . the signal 1 5 spectrumthat the result gets into a
negative eqﬁ%ﬂg‘iptdlﬁﬁgf’n due to the frequency conversion or the |ike

IS not expressed tqg .have 3 turning to the positive domain, but
expressed such t hathif@ean fom'ﬂieﬁ%ﬁé&lnﬂxﬂsea@énﬂhwliwlnge?poilOutmltﬁnd
negative directions This is for the purpose of expressing that the
signal itsel fah@sa Qp outpyt ofasaich seeond i quadyaturgl demoadwating agigeuiti ke t he

SK si gnal and .
@ J respectively;

" a frequency offset circuit for removing frequency offsets

10  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;

15 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;

v a first filter for removing an unnecessary frequency
component left in said I output extracted through said first common

20 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

25 8, wherein a correlator for calculating a mutual correction is used in

i



others. According to the general prior exprlés&i on, the frequency
domain is limted to the positive region and the spectrumis turned

En? ?ﬁrerg;/(vp'; Qgsﬂumljﬁ"ﬁ“ﬁwtm" hereby | osi ng the degree of freegg[n

On the other hand, ‘the S|gnal itself needs to be di vided so as to

discrimnate | ke Sﬁﬁfﬂéﬁw@é@\%‘f*V%Q%f%& SRedify SR SorfQRfR, being 2
2 e funct GowRdr! %ﬂ%é*fﬁ”%%@ﬁ%ﬁ#@ﬁ %a%guzf’ng GRS G Atd 7 ?R?s
lerrl (1) 32_e53§§ﬁ5§§$b§tf3§b§§ﬂ§ﬁ§sSSSibtyi ‘VZeaﬁﬁshESat ve on the
Functi on ahenl@he A ERTHIE Fircl SRRzt Jo FBYRoh, OF e $hSAEIST OB o
;Bgvfefjﬂgm Sgn'egav&v\brﬁteg%%%&;kgﬁ extipg circuit is ug/eciJ StJor aécbe%txng 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
10 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
15 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
N frequency conversion is performed by said first frequency
converting circuit is obtained by said digital frequency converting
20 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

25 accepting said received signal, and two outputs of said quadrature



— ——

conventi onal spectrum di sposition that, id13%e A/ D conversion, the
conver si on freq ”m g frequency) fs is tak as. 3 turning
point and the h mm ’Ee is turned to |ess thplHIVSHERT BAS BEEN
conver si on frequenc y fs, #t he ge spectrum over the onvempgﬁcgo
frequency fs is directly expressible. Then,—these—+wo

dormi ne.of ¢ neoREhpfindo itk Edyfr&f@éﬁ)uency-59§9§¥t3€iﬁ'é>%.salﬁ AFGIEE
baseband, and jt suf f.i Ci. conversi speed. i s.npore .t han
Do L s thafoarerrre.errerrﬁe@ sfr"%% ¥ tréues S Giriihg G ¥
theorem Fi s an illustrat exanpl an quadrature
sanpling i ngtW C&sBOt HHf"d’E%Breor‘i agléqtlon is meafi&na'ios c‘j%‘@lf"iM':I'!’)“Z:onverted
The arrangenent Qf Fig shows the sig oW ng into
parts in the gpa mjeﬁewqem?é OEEP“‘Pe(‘,’éﬁF?WybéﬁHpg%% FPMMPNOFVRYP t he
first and second A/D converter

-1 17- 5 extragfiom1 |n Fig. 30, Ts represents t he sanpl i ng period. In

this A/D converti.ng operation, sanpl i f requenc rr]s has a
relation of [&PF] recelvgng Reircuit as set ?orthrrlrr)l clsm 7" 6r g ¥urtﬁ ]

comprising a digital frequency converting circuit, and wherein only
one of said first and second quadrature demodulating circuits is
W, used for accepting said received signal and only said second and
10 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
15 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
20 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

25 frequency input to said first frequency converting circuit and for

———
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[err] W and fornms a pair of sanpling trail-of flerr](

According to this signal f(t) is sanp] &¢ Y DI

on the 1Q plane, tmﬂ}lmmllmmm mﬁch as the rotating direct REPLA{?E[; tf?gEN
signal is obtainabl’®e &ndtcah be converted into a digita 0
I f taking into account the frequency offset being a main point of

s hat s, OheithBar o ARl %%&E%@ﬁﬁ?ﬁ%@fs?%%@sﬂf& e -
[err]lo 10 tsothat t he ffset f.requen rlore eoutput

0 .
si gnal . egvﬁe%ytm ! 18 Chaitt] SRS Verhue ity | Eodvitfions §'y;c<m 'speed. of
th baseb | d h f ffset t d
 he oporoHirfy HBR, sePSnd e Eiating rovits bbb Rk b
converters 90 ,?1, irt3 the case of the b H‘Eﬁ?d tra’gfm ssi gn be! ow a
rol I-of f ratel@f-Pass filtgls; fomdecelying RYIPHE P Fhos gt And 3e5oREnt er i ng

on the carrie frequency is conmgﬁred to be .ontal ned t herein.

Accordl ngPy, Ireqpgacy conw e‘HE‘il“‘é? nglénb‘mlﬁg W%ek is nore than
6[err]o, it works sufficient ec e the signal, i s sanpl ed as
a point on the Ian”St angd| seeond ﬁ@-‘t%?ﬁ @#’h&@ﬁ EBEhreéﬁ“leg PBFEHtﬁnQ?p said

direction of the signal 20 can be ensured and converted into a digital
formin a stafitst: pag speond integiating, FitGRitK the frequency axis in the

positive and negative
first and second transformers having the same construction

U and having primary coils whose one ends accepts outputs of said
10 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
15 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;
20 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:

This Sheet Has Been Reﬂll
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di rections can be kept. Accordj @gly, both the positive and

' f ' f the digital si | putp f thi
E;ggfe'iiﬁ%g;??gﬂtﬂ“jglﬂl}wllﬂﬂﬂ!ﬂéé??? ole through the di o1 tal | SHENSIEET iag apem

18 - digital frequency conversion of mnus 2[err]o; -

fl(-[err]ot) and . fd-Jerr]o are obtainable fromthe signals.
F1([orr]ot) and 1 Gfifst (4%t sochd gFteqteRcy S dpyetting. Sty for fig epting a
above-nenti oned nethod, only_one qf the airs of quadrature

denodul at ors F%‘F"a‘ypagstﬁf“‘ghé‘b&%ﬂ?ﬁ etREQugh, an ?F%’I‘B‘E%‘?’ oscillation frequency

I s used, whereby the_high-fre uencg/. circuit ,is sinplified ugo_ao .
approxi mat el y hal f dafecalnfr ¢y signal generating SHIewit pd| ko said first
Fig. 32 is an illustratign for describing another sanpling | .operation
di fferent frodndhsceend  HEARENSKPPRYRIUNEG Fdrcuits afsﬁa generaimg g1 case
of carrying out the aforesaid A/ D conversing operation. . Thi,s is based
on the so-xal f@ﬂ‘tﬂ@&%r‘b@wﬁeoﬁdé?‘}d%mlpﬁggeﬂﬂeﬁw sof said regeivedg

met hod, as shown in Fig. 32 a signal fb(t) obtained by .
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
N frequency input to said first frequency converting circuit and for

10 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;

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

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

20 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

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

——
—_—
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| owering a high-f+equency input signal f({))620 the baseband through

the frequency conversion is coupled to two A/ D converter é ET HAS BAIN
t hi s arrangenent}, m i“ Umll mearranged as conversion %
(sanpling pul sesl)ll ”ﬂ{l E A "’j i nterval as shown in Hig. R j

LS

s 4

t [

attained in the form of tvvo-sys’fem pul se trains in a state with

a
do 4 T Letohs b, SRESERCRAT, ool Btk b 5 B0l gBE i

to be nore th

t f band wi dth of ,th ' | . That.is,
t he above casa'?e Pﬁ’@er ﬂgﬁg’g&a"’d’s’?aﬁntct“ivrm’ﬁfd‘t§'p388 8?ecé5r|}ﬁ§1rr]§agg ﬁﬁﬁflssald ﬁ%ﬁtgngln

fb(t) is [err
- frequency ban

. in th that the roll-gff rate i 5 pelow 0.5, the,
B B4 CAROBBF HeTRE cFQHRIpd: 1) aroHe} dfpBAch pther in | ¢

sufficient that the sanplin requency is, also 3[err]Jo. Wth suc 5
sanpl i ng, theaﬁ‘PFéFé’én%aWétbcg’Wfl%ngﬁs t patd Pt"f@a’élo éﬂ‘feﬁf‘gv BP‘Fle‘Fn‘PS 0% said

-119-

than the real axis,  at the frequency ,of the signal being

sanpl ed, #nd secondargneeils rquahfisy PRIATSLY &0 WA PriEY i ¢RIS 18nusek as™ an
frequency axis in t he Eosi tive and negative directions. However, If

t he del ay anoontput terminal w

s
10
15
S/
20
25

ile 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

IS
——————
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is set to a value corresponding to [err],-b6By the real axis conponent i

5 obtained, with the result that it is required to sel imll IM@ ﬁlllllll

shifting anount other than [err]. If this method is ma

frequency offset type according to this invention, it becorres as

shown in Fig. 33. Twenty-Third Enbodi nent 10 Figs. 34 and I

35 are illustrgay aps r | ran : o] ationa
el 8PSsdid sé&%?x?l%if dui 5 i g%ai?rft& to said w:ﬁyrgﬂl

principle of a receiving circul acco ing t

enbodi ment of btcEglg hBﬁﬁQEie‘&n §ké@v t?.” y, this twenty third enbodi nent

I s based upon t same concep s as that of the twenty second

one s 55 1o Rdésof DHEORS mgfcﬁ&ﬁ;%igéék%@. i AT ap T diref¢2shr %‘%ﬂd °
t

conver tar i n' §PgePY Gid secmh%‘?%?ﬁc?ﬂydﬁﬁ%ﬁ%mlﬁ%{x e el BRaR 1o

i cquency.> 26011 1 SERIREI 7 V_e”' &%‘ﬂfﬁﬁrﬁ“ iigh o RS CBheid cend

s & bl ock di §Bfiaﬂfs§% fﬁr&%ﬁﬂ%’s?' Tor Bafartts” to Raid mrimgey ool
eceording to e, [venty LNy dagibRment 1 Fio
18. A receiving circuit as set forth in any one of claims 1 to 13,
; | further comprising local frequency generating means coupled to said

10 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
15 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
20 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

25 second phase-shifting means; and



34, reference nuneral 1 represents an ant eh6a-f or ' si gnal
bei ng recei ved, nuneral 96 designates a reception,ﬂﬂmg m”m,l l, .
als |

-120- filter for waveform shaping the received sign a given
frequency band, nuneral 11 denotes a quadrature denodul ator for
accepting the received signal, nunmeral 4 depicts a |ocal frequency

_ recei ved ot requency
Cutting a 5o gh- el tisoratie ShRRRatl orlirighe W ?ﬁﬁ’f}mhélﬁé for'
I I ndj d
firrer for  rocoiHE nEot e ol FTkRly "okl 51 B kT S8iPadone. out put
' , | 90 t
2 first ) N crgnft ToRTRPL UGRVER: SRl tohassoRRRng meass ror

| ow-pass 10 filter 86, .nuneral 91 desjignajes a second .conyerter. for
ND Sorkir t TASRINEE, Hacuieras Set S0RB R ABY, SRCOf, ¢l boto dveral
92 signifies a sanplin I gnal, generating source having a _function o
generating?a cfnzs@srspemnwghfwr@ﬁﬂ@ﬁeywsmat&%rmamsr sfed to said

frequency offset circuit, said local frequency generating means
including:
a first frequency signal source for generating a frequency
W signal equal to a carrier frequency of a desired receiving signal;

10 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;

15 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;

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

20 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



corresponding to a bandw dth of the recei vedhssi ?nal to. 3upp1 Y- the 15
clock signal as a sanpling pulse signal to the first and seco
converters 90, 91, and nuneral 97 denotes a delay ci rglﬂm mﬂ““l““mm“\
of fsetting the sanpling clock signal fromthe sanplin

generating source 92 to supply the offset signal to the' second A/D

ot o - frPafdity Sftsct READ b uBUL FHetIAnCG, Yonbhfting Oppedddr at ur @

denodul at or en'to a I’'s“stde ¢rrcu \ gtt]he
sane arrange e l-axis S|de circuit section conprising the
af orenent i ong‘é%lﬁu{g 86, 87, A/D converters 90, 91, sanpl i ng signal

[ del t 97 maki ng up the
gener at ng source, 92 GG NEH Holr tfartmnelggng 3L Heaaney asidnal
- d t t but .
ot Ot e e deda e HeaREYart, 2 SF b ety vinksinekir ¢ he

correspondg ng reI at onshi Fur t her , _hune 93 depicts an

oper at !Dng nit for ™ %t? ting 2 N rﬁeg"%c%@ ﬁﬁqgﬁﬁ%eﬂg§?br§d}9u;¢¢om
I gi . f the fir and second A/ D converters

tége dlggl ;ﬁlj 8 Bpghase—shlft t?lteaa(c)cepteg sfgnii 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
10 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,
15 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 |
20 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;



5 both the |-axis and Q axis sides. -166- In this inst nce in place.
of the provision of the two | ow pass filters 86, 87, E

| ow- pass filter (for exanple, the |ow pass filter 86) H/I ﬂ”
common for the two A/D converters 90, 91 in such a vvay t Hat tt

output of the filter is coupled to the inputs of 1 0 the A/D converters

31 o SoLeL s B VAR or accop PGS o

generating sources 92 e used

for both the 'w@i@h’iu%%n%g%“'&evzgét'o” and Qaxis side circuit

section. escription will be nade herei nbel ow of an

thit Spiﬁﬁéhf’ﬂiht P el ?}‘i‘ SRR BebL PPy, BICHRE; FERY Bl Shhone

t he antenna 1 gl{}l ? Lhe reception bandpass filter 96 to cone
into anlnten |gn 3% *thin the band, gromv\hichthe | -axis
conponent nd the t are acte

quggrature denodul %%%ﬂslf%rn%?ugppga% e f‘fﬁBnE?ﬁUQ‘gug digl%der to |Sﬁb‘1|tted
into the first _and second Jowpass filters 86, 87 to renove t he

hi gh- frequencFﬁ s corrponent s, the filtered signals bei ng

inputted into the first and nverters 90, .91. For D
conversi on operati & itAVEHEE %f’B”&SnVéPF@F&“‘éo Olg accepting an output of SaldA/

weighting value multiplier,
" wherein an inverse Fourier transformed output of said inverse

10 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

15 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
(7 output signal of said quadrature demodulator to convert its analog
signal into a digital signal;

20 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;



25 sanmpling signal fromthe sanpling sigi#él7-generating source 92 is
-122- directly fed to the first /D converters |I
after being frequency-offset in the delay ci rcu " n to

t he second A/D converter 91, thus perform ng th plsocess
The Q axis conponent undergoes the simlar sanpl i ng process. The four
di gital 5 data | g by S¢S n

t he operati ngﬂgﬁit}ﬂgg {JHrgg %ll&glpggtlo- @l%ﬁél gggggégsge ? %:(e'%{)/ﬁgg QE &

he. quadr at ur ether outpnt siena 8t  s8ld  GuBliachte @s&%@%&%ﬁ?%ﬁ R 48,7
arrangerent ana*%&l%h@%*“ﬁ”&lzﬁ' MEmalas T lovi ng the parts in the
criangenent Sl or! SRR, ABRCBANE, fobd ol bl Bublie iR
Eim_gi t gg f\gge egenerator andI Is:lu afy'e%n puflse Qralgt} A5 Ss'a?gpﬁlllé Cglllfse 8% Is%?d' S
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.
10 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
15 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
Nt signal into a digital signal;
a sampling clock generator for generating a clock with a
20 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;



15 sinplicity. In Fig. 35 Tsl is indicati68 of a saH"’mgm’HﬂLesO“w

this enbodi ment, since the frequency conversion includes

frequency [err]o, the offset remainder [err]o is present in the output
signal. In this state, as described in the aforesaid twenty second

enbodi ment, the offset frequency [err]o is used as the carrier, and the 20

signal band with a hRRF L, fcﬂﬁ'\h’lg 53’:%1 ttohﬁlgtgfaqnﬁ veraps S{%ﬁe%%ptmg the

[err]o is made. At this tine on's econ ary sa

W Th the pul oo BeE; Qb SEATCNE TR bee azépﬁ‘%ﬁ%ﬂg&r‘“tsdggavem o
possible to Sf{ﬁ%hg%aglhnﬁp‘?nidﬁ oaﬁulogﬁim),unt I ncl udi ng the original

signals. Acco case ere e’roll-off rate is bel ow 0.5,

o aterrro, " PR DR i iy AL e %ﬂaz@ﬂpétmci
e St o s A o
[err]/2, the qGyidputs CAShAR" Thide-to2affitdl %rﬁ%erte% Pla
means for extracting a quadrature component of a desired
receiving channel signal from digital output data of said first to
L fourth analog-to-digital converters,
10 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
15 to =/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
o from an antenna;
first and second analog-to-digital converters for accepting said
20 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;



Since fromthe above the signal fb(t) is-d&#ied as mmw,

orthogonal 1Q plane, it is possible to obtain the inf
the rotating direction of the signal and further to keep ‘t hé

continuity of the frequency axis in the positive and negative

directions, which allows digital conversion. Accordingly, i t

possiohe Lot e et eiah P B o B g ey

U”!’ ﬂhe

|s also

positive and at T th di I f
conversi on of ﬁﬁhtfgxgjoo lfﬁéeérgﬁﬁnél g?cic[lé %re]“?h{tgfr] gt ) | glnélaf qQ - r [eglrJrG]ng%/) are

according Lo the raﬁl?&é%% %5%*@1{%%(%5@ blsh, Btn ' fphf s d fampRpR LR

852?[?237&"?”““'&6 8@5%&?@@»'1?% *9%%' g??éi%enéﬁﬁ?' el g oad

sinplifie

reduci bl eg i ﬁE?td Fﬁ%gﬁht aﬁgp%gq?g {] Ctogl%gggergﬁ Dt Icgﬂvleft er

Fa. 'SEEEQZLLYeS“pEpymﬁe EXirachibghd Aepiedngs 'Swréée”'i“%xgnaf fom

first

A'D conver t or AR EINQUIE Sa 9t galit ST aHeN [ 7o00¢” DR IREstp-dighial
converters.
U, 26. A rec.eiving circuit as set forth in claim 25, wherein a delay
10 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
15 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.
(Y 28. A receiving circuit comprising:

received signal inputting means for receiving a received signal

20 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

25 corresponding to a bandwidth of said received signal;



25 pul se train for the second A/D converlt - 91 are nade to be recejve

-124- t hrough a conmon sanpling input section of”ﬂ'ﬂﬂﬂ”“ﬁ{”m'”"l
converter. In this instance, two systens of digital

out putting sections are provided so as to separately output and
supply the digital output data due to the non-del ayed sanpling pul se
train and = 5 the Qh%&&i'n eheuit &t addise £ deigydte \;ﬁﬂ@éj 5P k6 N8 ptkse
train. It is al so poOssi b eto prOV|dearece| ing circuit with such

an arraf}q al? elﬁgpgg,lrrrent Figs. 36
stratlon or

and 37 are il |b|n arrangement 10 and an

operational princi gf £6¢ ﬁsgic}ihggsgﬂmﬁlﬂﬁe IFART Ao §2ﬁdasamphng§ ‘Q‘ﬁ@élﬁ

fourth enmbodi nent 0 |s i fventi o arly, thrs twent

enbodi ment is {i‘ %139%9@6 9% S&’éﬁ&%&’m@& Stl“gﬁl tﬁatanogaﬁﬁﬁgé m?élufé YWR! ¥aid

third enmbodi n§ nunber rature ator Is

;;gtjgtrand 'lt th?‘ggforgs'?%}rfggit%gsgpﬂ&gﬁe?’;vﬂd 15 consunption and sinplify the

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
10 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
15 frequency-offsetting a desired carrier frequency by 1/2 of a
channel spacing frequency;
first and second analog-to-digital converters for accepting
(Y signals from said first and second frequency converting means,
respectively;

20 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;



of A/D converters (t'wo or nore convertersylale provided, and the

secondary sanpling is performed in the A/D converter IJ
avoid the turning on the frequency axis and to produc mmﬁm""m”mﬂmt
frequency-converted output due to the conplenentary |ocal ¢ 20 reg Y,
essentially necessary but lost, from the A/ D converted out put by

means of the digi t%ezfﬂsg%m&gﬁﬁ:? R8id pulse train fréh9saidd Shﬁl{}g;% ﬁ%ﬁ{:lg .

di agram showi ng an arrange recelving clircuit ac

twenty fourth Iﬁg@gﬂp@&ﬁd %aj .hélélaged Zguis@Vﬁ%' O%keialng srg;3 élxr% apﬁlggrfolarsﬁid

shown an ante or—accepting Si gna n : reception
?iggf)ass t t?{r]s?l $€¢ n?%c?o%\r;ag&gé%tghcg&it% Fﬂ%v?%%reﬁ;vggdsi gnal at a given
recaived st onapa, IR CER g SR GRR e CiviRE CRRERY Pl “rom
one.out putS o1 ghital aptput [Jatgy of i, Gt RaRe SeRb HERIBE BISTERR) ur al i Ly
of second andconverters.
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
10 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
15 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.
X 32. A receiving circuit comprising:
received signal inputting means for accepting a received signal
20 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;



following lowpass filters 87a to 87m for-t#lting of f
frequency band of the aforesaid one output si gnal (I)”";mtm'&i""m,””!!,
guadr ature denodul ator 11, the number of the | ow pass *i s ein

equal to the nunber of second and following A/D converters 10 which wll

be noted later, a first A/D converter 90 for A/ D converting the
output of the first; IfpwtPaaslo '—id—ﬁf % cBnREHER! fd1Y abtepting ofiéceitpwnd
following AAD converters 91a fo 91 for A/D converting t he out puts of

the second ang éﬁ’é' O Qﬂdl aBRSBr clllﬁbaufﬁ e BbHvert _its ahg ClibHal v, 2
2 R ke

sanpl i ng S|gna generatlng ource or sup ying a 15 clock

frequency hi ghgr, ﬁhﬁ?%ﬁ% Wncy corresponding to the band wi dth of

t he received si gn second and foll ow ng Al D converters

90, 91a to 91m anc% %eRblf g(lz:lbwoggio %?#i?le Gbfes ?Jla acccptin&oﬂ?g "{){h%rr

of fsetting the sanpling C nal esa

donvert er & o1 PifeE ikRsE ‘sbﬁpé%‘%dveq%ﬁ%%?aeﬁﬁ%?u?ﬂéff A Yy 8 andl]
ZLQSPESHEE ?e#.sfﬁ?avgtp iﬁ%ﬁir%%ﬁgg‘é”i o Pﬁe"l”.eaifépﬁf dé' 3:. Cou s

ti i t her gaof
circutt section 109 RATHILE HlotEhentzplR £or sPKIpky . S ol it
circuit secti %%congeggal%ngggo—ﬁ mEala co%%eldt%Ps CtaS cfoer® wnﬁt 'an%el%ﬂl'etncy higher

" than a frequency corresponding to a bandwidth of said received
10 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
15 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
Nt second analog-to-digital converter.
33. A receiving circuit comprising:
20 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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di gital out put
90, 9la to

fol |l owi ng
nunber s 5 of

m Further, asy Wkl aRafdieed ¥EBN (v RIDRS TRBEpihB® 3R it

si gnal gener at

extracting a desired receptildB-channel signal t _
data of the first, second and foll cmmm c’ljﬂmkrs
91m |In this enbodi nent, the nunber of C *

A/ D converters 91a to 91mis m and correspondi ngly the
the lowpass filters 87 and the delay circuits 97 are al so
onmmon

i ng source an ay circurt can be u

for the I-axi syshee &fs(rgéﬁ%anzﬂ@d%giuge a&qlo{d.lﬂ?atgf. | Sclg)"ﬁivgﬁ (i.ficalﬁia.tl%e?ig\lﬂlla% ;

secti on. 10

escriptiron w e nmadé herei

oper ati onal pri.hﬁigiplc@gﬁgfhs fper at lon of the twenty fourth

enbodi nent. In

srgnal received by the antenna 1 passes

ST gnal’ group. w i i (1B dnstoss el (ShueiEr EOF ARsnBhE 46 owe
@ axis componentel csigibl A6 Shid ThRHIolhe RN to convelf I bR, 11

This |I-axis co

s
10
15
N
20

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.



second and follow ng | owpass filters 86, -874-to 87mto renove the

hi gh- frequency unnecessary conponent, before inputted into the first,
second and following A/D converters 90, 91a to 92m For the 20 A/D
conversion operation in the A/D converters 90, 91a to 91m the

sanpling signal fromthe sanpling signal generating source 92 is

directly fed to the first NDAM@%@%@?@'#@E“” bei ng
frequency-offset in the delay circults aito m 1t Is fed to the

second and fol I owi ng Addi¢ "c‘ixtc‘:t‘x’iﬁ rﬁ&ﬁrlér Fa@zﬁmblérﬁlseaq‘& ithY m@dulation

under goi ng the sanpling procCess. The si ar sanpling process IS

data offY B S A oy ST bR O Blura P o Mifinnbls, PATERL 1
pasehand out purPabi OF rebRting; pobha PLRRERNIHe SratbR ilitving the, o
A onver? eg cireuit and 8Ll die! BEWET: olctihofith, BRI ThaZ uBMAAIE L
obvi ous| y frequdiiBs L OGrral PoidiRg" k8 e "dedtfll RAThE bl sh 2B AN

fromthe

separately supplied from a local frequency signal generating circuit
4 to first and second frequency converting circuits 2, 3 so that two
output signals are developed with respect to one of a desired wave,

10 upside channel and downside channel. The desired wave present in
common in the first and second frequency converting circuits 2, 3 is
extracted in a common wave extracting- circuit 5, and a frequency
offset of wo existing in the output of the common wave extracting
circuit 5 is removed a frequency offset circuit 6 and further an

15 unnecessary frequency component is filtered by a filter 8. In
addition, the common wave extracting circuit 5 has transformers
and, using its inductances, raises the difference between the

W/ common wave and the non-common wave within the circuit to more

than two times that of a prior art.



recepti on bandpass filter 96 to the first, second and followng AD 10
converters 90, 91la to 91mof the |l-axis side circuit section in Fig. 36.
In Fig. 37, Tsl is indicative of a sanpling period. In this
eMmmnmn,(m+|)-mda‘smmHngiseH@&edby(m+l) A'D

converters different in delay tine. Accordingly, it is possible to
sinplify the high-frequency circuit for the signal in the case of the 15
di gital nodul ati on and nultiplexinqq I n consequence, according to

the aforesaid nethod, the conplicatedly nmultiplexed digital-

nodul ated signal can al so be cover by only one of the pairs of
frequency converters relying on the conplenentary | ocal oscillation
frequency, whereby the high-frequefy circuit is sinplified up to 20
approximately half and the power céhsunption is reducible.

Incidentally, it is equivalent to &%e one A/D converter and integrally
supply the sanpling pul ses. enty-Fi fth Enbodi nent Fig.
38 is a bl ock diagram show ng an arﬁangenent of a 25 receiving circuit
according to a twenty fifth enbodig?nt of this
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invention. In Fig. 38,

signal inputting circuit 81 for accepting the received signal

antenna 1, a gain control

control of the received signal

converting the output signal

a first A/BBconverter
of the gain contro

A/ D converter 91 for accepting the output signal

circuit 88 as a signa

converter 90 to A/D convert it,
92 for supplying a clock with a freguency higher than a frequency 10

corresponding to the band w dth of

a s

there are shown an antenna 1, a received

fromthe

circuit (AGC) 88 for performng the gain

90 for A/D 5
circuit 88, a second
of the gain control

of a systemdifferent fromthe first A/D
i ng signal

generating source

Ehe received signal

to the first

and second A/ D converters 90, 91, amd for adding a del ayed pul se
train to a sanpling clock pulse trapgn to provide the sanpling cl ock
pul se train and the del ayed pul se tﬁ@in as the sanpling pulses to the
first and second A/D converters 90,m91, and an operating unit 93 for
extracting a desired received channgl
data of the first and second A/D cogverters 90, 91. The received
signal inputting section 81 is conp®sed of an anplifier 94 and a

bandpass filter

1.

si gnal

fromthe digita

out put

(receiving band) QGT In addition, a phase shifter 99
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is placed between the gain control circuit 88 and the second A/D 20
converter 91. Secondly, a description will be nmade herei nbel ow
of an operational principle and an_operation of the twenty fifth
enbodi ment. A signal group received by the3&int enna 1 gets into

signal s of only the comuni cation channel band by neans of the 25
received signal inputting circuit 81 including the reception bandpass

-129- 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 fromthe sanpling
si gnal generating source 92 there is obt%gyﬂisanpling pul ses
conprising a 5 pulse group with a frequency®Ptines the frequency [err]o
(n: an integer) and a pul se group with tfﬂeﬁsams frequency del ay-
processed. Thus, the received signal undergoesg:eesecondary sanpl i ng
operation by the first A/D converter 90 and i s converted
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into data centering on the desired channel signal, before being 1 0
supplied to the operating unit 93. The received signa

gai n-adj usted by the gain control circui% 38 88 to have a give level is
i nputted t hrough anot her system signal / line into the phase shifter 99

to be phase-processed, before being fed to the second A/ D converter
91, where fromthe sanpling signal 1 5 generating source 92 there is
obt ai ned sanpling pul ses conprising a pul se group with a frequency n
times the frequency [err]Jo (n: an i npteger) and a pul se group with the
sane frequency del ay- processed. TH@S, t he recei ved signal undergoes
t he secondary sanpl i ng operation by<the second A/ D converter 91 and
is 20 converted into data centering on desi red channel signal, before

being supplied to the operating unit 93. The information on the
frequency conversion with [err]c - [err]dﬁﬁk produced on the basis of both
the data, and the correl ation operation if effected to extract the

desired signal as a commobn wave. O
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Fig. 39 is an illustration for describing one exanple of an operation
of the sanpling signal generating source 92 in the twenty fifth
enbodi ment, and is a bl ock diagran1schen§t§ ally and briefly showi ng
one A/ D converter (for exanple, 90), the £ i ng signal 5 generating
source 92 and other portions other than the operating unit 93 in the
Fig. 38 arrangenent. In the Fig. 39 arrangenent, a pul se group with a
frequency n times the frequency [err]o (n: an integer) is produced in
t he sanpling signal generating source 92 and the del ay operation is
made [err] time for [err]o in the delay circuit and 10 the result is
added to a pulse train fromthe sanpling clock gener at or.

Fig. 40 is an illustration for describing another exanple of an

operation of the sanpling signal gepfrating source 92 ifg he twenty

fifth enbodi ment, and is a bl ock di? am schematically @mmd briefly 15
showi ng the first A/D converter 90, g’ue sanpling si gnalégenerati ng

source 92 and the other portions other than the operatimg unit 93 in

the Fig. 38 arrangenent. In the Fi & 540 exanple, the s@% ing signal
generating source 92 produces a pulmse group with a freguency n tinmes
the frequency [err]Jo (n: an integer? anght he del ay circ?it 20 perforns

t he del ay operation for [err]elby tjme eorresponding tof[err]/2,
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t hus generating the pulse train fromthe sanpling clock generator and

the del ayed pul se train fromthe del ayed- pul se-train-addi ng circuit,
particul arly del ayed pul ses del ayed by a phase difference tinme
corresponding to [err]/2 with respect &/3& he frequency of the 25 desired
channel signal . -131-

Fig. 41 is an illustration for describing a further exanple of an

operation of the sanpling signal generating source 92 in the twenty

fifth enmbodiment, and is a block diagram schematically and briefly

showing the first A/D converter 90gq<he sanpling signal nerating 5
source 92 and the other portions oEhker than the operatiﬁgfunit 93 in

the Fig. 38 arrangenent. In the Figﬁ*40 exanpl e, the sagg%ing si gnal
generating source 92 produces a pu é% group with a fre cy n tinmes
the frequency [err]o (n: an intege®E and the del ay cirqgﬁt perforns
the del ay operation for [err]o by Eé%r]lz time plural t %%s, thus 10
generating the pulse train fron1thj\sanpling cl ock genewator and
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——tt1e" del ayed pul se train fromthe del ayed-pul se-train-adding circuit,

particularly a plurality of delayed pul se trains del ayed by a phase
difference tinme corresponding to [err%éZ in relation to the frequency of
t he desired channel signal. 15 / As obvious fromthe above,

according to this enbodi nent, the frequency based on the band wi dth
I's used as a sanpling clock frequency for the A/D converter, with the
result that, even if the ~ sanpling frequena® conponent | eaks in the

air, the | eakage does not g:.interfere with t conmmuni cation, and the
| eakage can easily 20 prevesied by the receptiggm bandpass filter 96 built

in the received si gnal a@putti ng circuit @2; In addition, since the
sanpl i ng frequency is exkrenely | ower thangbhe carrier frequency, it
S al l owed to | owner th%gr equency affecti 8Pt he power consumption in

fa

the circuit. Furthernore, sincg no amal og type fr
circuit is present in therxyecefving otrcuit, ®cti
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90, 91 and the followng digital signal processing circuit can all be
constructed as an integrated circuit, and hence the circuit can be
si ze-reduced and the wiring anmount within the integrated circuit 5 can be

little, which greatly reduces the pomerad&W%unption. Thus, it IS
possi ble to reduce the power in the receiving system simplify the
receiving circuit, and | essen the power consunption. Twenty- Si xt h
Enbodi nment Furthernore, a description will be nade herei nbel ow
of a 10 twenty sixth enbodi ng§ of this inventiogg Al though for
reducti on of the high-fr ency circuit portixn and reduction of the
power consunption, vario i nprovenent s haveéﬁken made for receiving
circuits of nobile conmunicati ®#f&systens, all of th®@se i nprovenent s
do not reach a satisfactory re@lt. Fig. 42 shows €515 frequency
di sposition for the Japanese sthdard digital typemo aut onobi | e
t el ephone system In Fig. 4 f@#r exanple, in the cdse of 810 MHz to
828 MHz of the PDC being ong exanple of the Jampanes standard, 640
waves are contained therein. Nhat is, 1200 channels are arranged at
25 KMz. Directly performng ling for thi§ S20—frequency band
greatly involves waste, beca channel band}] z=m w dth accommodati ng
the transnission information|isegs|narrow as 833 KHz
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and the information anount is little. For this reason, if the received
radi o band signal is imediately sanpled in relation to its carrier 25
frequency band 800 WHz, the sanpling of _t several GHz (giga

-1 3 3- hertz) will be expected,/ ereas the information anount is
only 25 kHz and hence nost of the sanple data becones redundant.
In the receiving circuit according to this enbodi nent, a way of
directly adding the received signal to an A/D converter is realized, 5
thereby permtting the reduction of the nunber of the frequency
converters. |If according to the shannon's sanpl&ng theoremthe maxi mum
value of the tinme interval of sanples necessarygtor speci fying an
arbitrary tinme function f(t) is considered in t®Rpbns of t he uniform
sanples, it is expressible as the following eq3fion and 10 comes to a
wel | - known oversanpling theorem [err] <D
..... (63) ‘;‘\O
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In this equation,

the frequency Wrepresents the upper

limt

frequency conponents contained in the time function f(t), i.

this case,

826 MHz. Wer eupon,
S/'s nore than two tines of 826 MHz. A

the sa

"THa3

case that the spectrumis limted to fl to
~equation based on the shannon's secondary sanpling 20 theorem becones as
fol | ows.

phases of all
equati on neans that,
sanpling interva

(64)
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//GN
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Fig.

speed reaches

derati on
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In this

is taken of the
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N5
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where fq(t) denotes a val ue obtained by shifting the

the spectrunms & fq(t) by [err]/2.
if the val ues
1/(f2 - fl), ;&

Thi s
sanpl ed
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is conpletely expressible. Accordingly, when f2 - fl = W(Hz), it is
sufficient if f(t) and fq(t) are alternately sanpled at the sanpling

time interval of 1/W That is, assum ng that the bandw dth of the

filter provided in the received signal ihp{#%ing circuit is 25 KHz, the 10
sanpling speed of 25 KHz is enough. Because the filter actually

pl aced in the received signal inputting circuit is designed in a state

with all the adjacent channel s bei cont ai ned, its bandw dth becones
826 (MHz) - 810 (MHz) = 16 (MHz), ¢, the sanpling speed beconmes 15
M5.s. The disposition state of thismreceived signal is 15 shown in Fig.
43 which is a schematic iIIustratiqﬁ f the channel di sposition in

t he Japanese standard digital type qu onobile t el ephone system

Fig. 44 is a block diagram show ng @f arrangenment of a receiving
circuit according to the twenty-sixtth enbodi nent of this 20 invention.

In Fig. 44, reference nuneral <& repfesents an antenna, nuneral 81
designates a received signal i-aput gir:uit for accepting a recei ved
si gnal obtained through the ant éNha1, | numeral 88 denot es a gain

control, circuit for carrying out tﬁe pai n adj ustnent for the
recei ved signal, nuneral 90 depictsgan| A/D converter for AAD 25
converting the output signal of t ergal n control circuit 88, numeral
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-135 - 92 indicates a sanpling signal generating source

conprising a sanpling clock generating section 92a for outputting a
clock with a frequency hi gher tharlK} frequency corresponding to the
bandw dt h of the receives signal to the converter 90, a del ayed 5

pul se addi ng section 92b for adding a del ayed pulse train to a
sanpling clock pulse train, and a pul se addi ng section 92c for
suppl ying the sanpling clock pul sedzain and the del ayeggpul se train

as sanpling pulses to the A/D converter 90, and nuneralz93 signifies
an operating unit for extracting agesired receiving c nel 1 0 signal
fromthe digital output data of thexN D converter 90. recei ved
signal inputting section 81 is rrad%gup of an anplifi er and a
recepti on bandpass filter 96. mo Secondly, a dnscrlptlon will be
made herei nbel ow of an oBer atf onal prPnci pl e and operation of the
twenty-sixth 15 enbodinent.:fA sijgnal grdup obtained tlhrough the antenna
1 turns into only signal's_of {the conmi cation chgnnel band t hr ough
t he N s O
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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 | evel, before being supplied to the A/D converter 90. 20 1In

this A/D converter 90, there are givenisd®fling pul ses being a

conbi nation of a pulse group with a frequency n tinmes (n: an i nt eger)
the frequency fo and a del ayed pul se group wth the sane frequency
whi ch are supplied fromthe sanpling signal generating source 92.

Thus, the received signakgis converted into data centering 25 onat he

desired channel signal dﬁyneans of the secondary sanpling ag
- 136- operati ompf the A/ D converter—®63 and t hen being ged to the
operating unit 93. On tiffibasis of the Hatja, e pperating unit 982
produces the informati ong®®dn the case that tmgﬁgequency conversioﬁa i's

made at a frequency fc ®Po, and further Yetfbws| the correlation<s 5

operation to extract the’desired-signal (Enggggnal) as—the _comBF
wave. From t he above, adcordi ngesrzmshi s enbodi nent, asha
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exanple, in a comunication system based on the BPSK type digital
nodul ating nmethod or the |like, the desired wave channel is 10 receivable
wi t hout use of the frequency converter, which can realize a receiving
circuit which is capabl e of reducing thelpo3&r consunpti on and
simplifying the circuit. Incidentally, although in this twenty-sixth
enbodi nent one A/ D converter 90 is enpl oyed for the A/ D conversion,
it is also appropriate that two A/D 15 converters are disposed in
parallel to separately supply two ki nds of sanpling pul se trains
which in turn, are synthesized after the digital signal output is
obt ai ned. Twent y- Sevent h Enbodi nenty & Fig. 45 is a block
di agram showi ng an arrangenent of a 20 Qgeiving circuit according to a
twenty-seventh enbodi ment of this vgntion. In Fig. 45, reference
nuneral 1 represents an antenna, uﬁ&gal 81 designates a received
signal input circuit for accepting a &ecei ved signal obtained through
the antenna 1, nuneral 88 denotes g%ln control, circuit for
carrying out the gain adjustnent for thex recei ved signal, nuneral 90
depicts a first A/D converter for A/D g 2
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-13 7- converting the output signal of the gain control circuit

88, nuner al 91 designates a second A/D converter for A/D converting
t he out put of the gain control circuit 88 as a signal |led through a
syst em ( pat h) different fromthe sd&t¥Emto the first A/D converter

90, nuneral 92 5 indicates a sanpling signal generating source conprising
a sarrpling]:;-ig Cgﬁ generating section 92a for outputting a clock with a
frequency hi than the frequency corresponding to the bandw dth of
t he receives signal to the first and second A/D converters 90, 91, a
del ayed pul se addi ng section 92b for adding a delayed pulse train to 10 a
sanpling clock pulse train, and a pul se addi ng section 92c for

supplying the sanpling clock pulse train and the del ayed pulse train

as sanpling pulses to the first and second A/D converters 90, 91,

nunmeral 93 signifies an operating unit for extracting a desired

recei ving channel signal fromthe digital output data of the AAD 15
converters 90, 91, and nuneral 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

Vi La Ve z




I nputting section 81 is nade up of an anplifier 94 and a reception

bandpass filter 96. 20 Secondly, a description wll be made

her ei nbel ow of an operational principle and an operation of the
twenty-sixth enbodi mrent. A signall@s®d8ip obtained through the antenna
1 turns into only signals of the comunication channel band through

t he received signal inputting circuit 81 including the reception
bandpass 25 filter 96. The signal is gain-adjusted in the gain control
circuit 88 to Z - 138- have a
given | evel. The output of the gain control rcuit 88 is di stributed
into two systens. One system out put supplié% o the first AAD
converter 90. In this first A/D converter ®gmthere are gi ven

sanpling pul ses being a conbination of a cl %; pul se train 5with a
frequency hi gher than the frequency corres ing to the band w dth
of the received signal, i.e., a pulse grou th a frequency n tines
(n: an integer) the frequency fo and a deléggg pul se group with the
sane frequency which are supplied fromtheé & _
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sanpling signal generating source 92. Thus, it is subjected to the 1 0
sanpling control. The first A/D converter 90 produces the digital

signal output as well as the A/D converter in the aforesaid twenty-

si xth enbodi nent and supplies it to the ing unit 93. On the ot her
hand, the output of the gain control }22§B 88 is distributed to t he
other system (second system). This second systemis connected 1 5 with the

phase shifter 99, where the received signal undergoes a phase
variation of 90 degrees. This phase-shifting-pracessed signal - IS
inputted into the second A/D converter 91. The:g ond A/D converter
91 accepts, fromthe sanpling signal generatlngz urce 92, a cl ock
pulse train with a frequency with a frequency I 8her than 20 the
frequency corresponding to the bandw dth of th celved si gnal
i.e., a pulse group with a frequency n t n |nteger) t he
frequency fo, and a del ayed pulse grouptith frequency, to
performthe sanpling process for that @?Q?I. éf operating unit 93
produces the information in the casgpt he ;? f Nequency conversion is

made at frequency fc - fo and furthe
-13 9-
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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 fromthe digital output of the second A/D converter 91 in

the operating unit denotes the informatib®/ 3%cluding the output of 5 the

first A/D converter 90 and a phase difference of 90 degrees. These
two kinds of infornmation constitute a QPSK i nformation. Thus, this
means that the denpdul ation is possible in terns of the signal in the
QPSK type conmmuni cati on met hod. From t he above, according to
this enbodi nent, as a general 10 exanpl in a conmuni cation system based
on the BPSK type digital nndulatiqg thod or the like, the desired
wave channel is recei vabl e mnthou?:%%e of the frequency converter,

whi ch can realize a receiving C|r whi ch i s capabl e of redUC|ng

t he power consunption and sinplif g% the circuit. 1 5 Twenty-Eighth
Enbodi nent Fig. 46 is a bloc agram show ng an arrangenent of
a receiving circuit according to m nty-ei ghth enbodi nent of this

i nvention. This enbodi nent realizes the g? ce diversity with a

receiving circuit basically conprising g{ngle di rect quadrature

R
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20 detector which is built in a local frequency conplenmentary offset
type direct frequency converting system which bases this invention.

In Fig. 46, nunmeral 1 represents a plurality of antennas including a
first antenna la and a second antenna | bl19A38irst received signal

I nputting circuit 81 accepts a first received signal obtained through 25
the first antenna |la, a second received signal inputting circuit 82

- 140- accepts the received signal obtained through the second
antenna | b, a first frequency converter é%accepts t he received

signal fromthe first received signal i ting circuit 81 to perform
a frequency conversion thereof, and a se§@d frequency converter 84
accepts the 5 received signal from the sdggnd received signa

i nputting circuit 82 to carry out freq@eficy conversion thereof.
Further, a | ocal oscillator 85 offf set™s~ @@sired carrier frequency by
1/2 of the channel spacing freq ngytputs it to the first and
second frequency converters 8 KDIo&tpass filter 86 cuts
off the 10 hi gh-frequency band E§E§i nal of the first

frequency
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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 t he
first received signal, a second gain coppygpg circuit 89 adjusts the 15
gain of the second recei ved signal, a first A/D converter 90 A/ D

converts the output signal of the flrst 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 sanpling signal generating
source 92 g erates bélock with a frequency higher than 20 the frequency
correspondi  &wh ndw dt h of the received signal toward the
first and second A/D converters 90, 91, adds a del ayed pul se train to
a sanpli'ng clock pulse train, and supplies the sanpling clock pul se
train and the del ayed pulse train as the sanpling pulses to the first

and second A/D converters 90, 91, and 25 an operating unit 93 extracts a

desired receiving channel signal
-141- fromthe digital output data of the first and second A/D

converters
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90, 91. The first and second received signal inputting circuits 81, 82
are made up of anplifiers 94, 95 and reception bandpass filters 96,

97, respectively. 5 Secondl y, 2a/g¢ascription will be nade
her ei nbel ow of an operational principle and an operation of the
twenty-eighth enbodi ment. A signal group attained through the first

antenna | a F‘j.gggssg jhrough the reception bandpass filter 96 to get
into a signal of only the conmuni cati on channel band, before being
frequency- 1 0O converted at the offset local oscillation frequency fc +

foin the fifgst frequency converter 83. This |ocal frequency is fed
fromthe | ocpl oscillator 85. As a result, the outputs or tn
frequency 2fg + fo a t&e frequency -fo are supplied to thejfirst
| ow pass filker 86, er " “"the signal with the frequency -fo s
derived because of tHe 0% [T 5 Trequengy passing characteristic, This
signal is adjusted by a1l g?s gaip control circuit 88 to ve a
gi ven | evel ,| before Hei fe 0 the 3% [ s§ D converter 90,] which
al so receivgs a pul sg group peingfa ,TMation of a pul se group W th
a frequency {n tine n: an [ r)jt req y fo and a del ayed
pul se group (Wi th taﬂé 238 b | cylf theﬁggﬁp+3ﬁbnsigna

fifst - fer 90 obtgins the

generating dource 92.ghéﬁus,
secondary sgnpling operht}
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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. 22/38 -142-

A signal gFolipgec® $ed by the second antenna Ib is changed into a
signal of only the comunication channel band through the reception
bandpass filter 97 and then frequency-converted at the | ocal

OSCIllatlon—f-ll-eq.u.e.ﬁe\l fr\ b 'Fn This local ascillatian frF‘OuenCV |S 5
supplied fromthe frequ%sﬁy oscillator 85. As a result, the outpluts

of the freguengcy —2ft and the frequency -fo are supplied to the

second Iom-pasE Kﬂéte gnal with the frequency -fo is
derived bejcaus ;] Iomffrequen y ppssing characteristic. This

signal is jadj Us @3 second gain fontrol circuit 89 to havd a 1 0
given leved , Hef &¥@ bt Fslhe spcgy A/ D converter 91 whifch

al so receijves =natio pyil roup with a frequency n tines

(n: an intjeger) the freque f ¢ aipd elaggﬂiz?hﬁgagroup




with the sane frequency fromthe sanpling signal generating source

92. Thus, the second A/D converter 91 obtains the secondary 1 5 sanpling
operation iﬁ I hat ggéainputted signal i23¢gagverted into the dat a
centering X 8 +de8iPed channel signal. The converted signal S
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 perfor 20
the correl dtion operation to extract the desired signal as a commpn

wave. T &h3ﬁnbodinent Fig. 47 is a block di agram
showi ng an Jarr nggigent of a Lgceiving circuit according to h
odj e

twenty-nintih e of this 25} irvention. This enbodi nent has the

al nost sang ar g t 33 - 143-
that of th affre&%d \uent y- o gz entod'gqant, and the parts
| e nt g

cor responding - el h' enbodi nent are mar ked

of tf
with the sanme nuneral s and Hﬁﬁta I esc,3i78tio
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t hereof will
two | ocal
the sane as the | ocal

be omtted for brevity.
oscillators are provided,
oscillator

85 in EQ

0OSCi

In this twenty-ninth
one | ocal
sigwent y-ei ghth

| at or

and the

and bei ng Fbi_ng:.t epygth the first frequency converter

the | ocal osc

to supply the | ocal

Secondly, a desc

principle and g oper@g@i on
group receivedy by a

ription wl|l

i rst

ation frequency fc + fo thereto,
oscillator 85b being connected with the second frequency 10
oscillation frequency fc - fo thereto.
be made herei nbel ow of an

the twenty-ninth
ntenna 1 gyis

5 enbodi nent,
85a being
enmbodi nent
83 to supply
ot her | ocal
converter 84

enbodi nent .

changed into a signa

oper at i onal
A signal

of only

t he communi caf icer—éhannel band 1 5 yhrough a reception bandpass filter 96
and is fre& Ly - conver {E0T;, iaS7Lh? of fset local oscillation frequency
fc + fo in thejfirst freapedcy &L cqnverter 83, Thig |ocal_oscillation
frequency is syppFFBd f ithel £3 | Idcglg oscilldtor As’d resul 75 t he
out puts of thelfrequenc c H £EE nd the #requepcy -fo are?sup lied
to the first | ow pass f{lver 6555 2p ~£the ' Mith thg freuendy -fo
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group being a conbination of a pulse group with a frequency n 25 tines
the frequency fo and a del ayed pul se group wth the sane

-144- frequency which are supp#$zg8fron1a sanpl i ng signal
generating source 92. Thus, the f A/ D converter 90 converts the
si gnal intF-i :g centering on the desired channel signal by the
secondary E;Sa I ng operation, with the converted data bei ng supplied
to the 5 operating unit 93. On the other hand, a signal group
recei ved by a second antenna | b is changed into a signal of only the
conmmuni cati on channel band through a reception bandpass filter 97 and
IS frequency-converted at the offset local oscillation frequency fc -

fo 10 i n rt-he—seconrd—fregueney—converter—84—Ithi-s—tocat—osetrH-attonr—
frequency i s supplied fromthe |ocal oscillator 85b. As a result, the
out puts of ithe frequency 2fc - fo and the frequencSAMPLENG '
to the second | owpass filter 87} and the signal with the frequency -
(A) A/D CONVERSION
INPUT
B rreEQUENCY
Yt
| SAMPLING FREQUENCY
(B) A/D CONVERSION l
INPUT I
fs
LOW-PASS FILTER FREQUENCY
' SAMPLING FREQUENCY
¢ Q) A/D CONVERSION
b OUTPUT
ALIAS DUE TO SAMPLING




fois derived by the | owfrequency passing characteristic. This 1 5 signal

I's processed in the second gain control circuit 89 to have a gi ven

| evel and then supplied to the second AZB/@snverter 91. This second
Al D converter 91 accepts a pul se group being a conbi nation of a pul se
group with a frequency n tines the frequency fo and a del ayed pul se
group with theI%éhﬁ;tréﬁﬁEncy whi ch are supplied 20 froma sanpling
signal generating source 92. Thus, the second A/ D converter 91
converts the signal into data centering on the desired channel signa
by the secondary sanpling 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 25 +the case that the
frequency conversion is nade at the fy® i

- 145- fio, and further perforns the correlation operation to
extract the desi r eGHANYERI as a/Lonmmon Wa@ANNELN Thirtieth

Enbodi nment Fig. 48\i s a@l osk di agggam showi ng an arrangenent of
a 3 A IRRE

o . FREQUENCY
fc+N X fb
LN
Fig. 28
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5 receiving circuit according to a thirtieth enbodi nent of this
invention. The recording circuit according to this enbodi nent
basically has the sane construction as those of the twenty-eighth

enbodi nent a&g tgg tﬁzqéy ni nth enbodi m&t/38whil e the construction is
further sinp | &l ig. 48, parts corresponding to 1 O those of both
the af oresaid enbodi nents are marked with the sane nunmeral s and a
description thereof will briefly be nade fingr ei nbelow. In Fig. 48,

nuneral 1 represents a plurality d
antenna la and a second antenna | Q.
circuit 81 accepts a first red@jvdgd
antenna 1 a, a second received

nnas including a first
first received signal inputting
%ﬁﬁ%ﬂhj obt ai ned through the first

;|.ﬂawq ting circuit 82 accepts
t he recei ved signal obtained , thﬁéﬁcond antenna | b, a first

gain control circuit 88 adjusts ain of the first received
signal, a second gain control circuit 89 adj usts the gain of the
second received signal, a first A/D converter 20 90 A/ D-converts the
out put signal of the flrst gain control circuit 88, and a second A/D
converter 91FAQD§;onQ§KBs t he out put signal of the second gain
control circuit 89. Still further, a sanpling signal generati ng
source 92 generates a clock with a frequency higher than

fi(t [
s ? L, AD— kz:‘, ogl(kTs)h(t-kTs)
£(t) — 2cos{ wct) ]
-2Zsin( w ct) fo(t) .
= o A/D > kZ' fQ(kTs)h(t-kTs)
o =. 00
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Fig. 31
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fi( wof) Ed
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= =
(1) — 2cos {(wc-wol)
-2sin {(wc-w o)) .
% fotaoi| AP T k§ fQ(kTs)h(t-KTs)
L—0
SAMPLING CLOCK
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the frequency corresponding to the bandwi dth of the received signal 25
toward the first and second A/D converters 90, 91, adds a del ayed

- 146- pul se train to a sanpling clock pulse train, and supplies

t he sanpling clock pulse train andg/38e del ayed pulse train as the
sanpling pulses to the first and second A/ D converters 90, 91, and an
operating? k% 93§§2tracts a desired receiving channel signal 5 fromthe
di gi tal ugg ¢ of the first and second A/D converters 90, 91. The
first and second received sign@g—Tpputting circuits 81, 82 are nade
up of anplifiers 94, 95 4b@) re on bagdpass [ilters 96, 97,
respectively. 16&@ g%?]ﬁﬂ &f-8%s1) be nmde herei nbel ow

of an 1 0 operation an operatlon of the thirtieth

enbodi ment . £{t) i p_Leﬁﬁwved by a first antenna la is changed
into a sign P comni cgtion channel band through a
reception bantpass fi AP —FRPSE et ¢ PO PLPrsgssgd in the first
gai n contr ol 2cos(@iaicuit 88 o have akgfven | evel and then supplied to

the first AD 15 converter 90 Tui; first A/D converter 90 accepts a
pul se group DELAY CIRCUIT Eﬁ]

U

SAMPLING CLOCK
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bei ng a conbination of a pulse group with a frequency n tines the
frequency fo and a del ayed pul se group with the sane frequency whi ch
are supplied froma sanpling signal generating source 92. Thus, the
first A/D converter 90 converts the sigr®l/38nto data 20 centering on the
desired channel signal by the secondary sanpling operation, with the
converted data being supplied to the operating unit 93.

On the other hand, a signal group received by a second antenna |lb is
changed into a signal of only the communication 25 channel band through
a reception bandpass filter 97. This signal is

-147- processed in the second gain control circuigg89 to have a
gi ven | evel and then supplied to the second A/D conw®¥ter 91. This
second A/D converte%@l accepts a pul se group being conbi nati on of
a pul se group with &sr ency n tinmes the frequers &0 and a del ayed
5 pulse group with the sﬁﬁﬁ frequency which are supplli eddipom a
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sanpling 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 sanpling operation, with the converted data
bei ng supplied to the operating unit 93.30#3& he basis 10 of both the data
the operating unit 93 produces the information in the case that the
frequency Eon\gr.si8nbi s made at the frequency fc - fo, and further

. perfornms the correlation operation to extract the desired signal as a
common wave. In this enbodi nent, the frequency conversion i s not
carried out before the A/D converter, 15 but the A/D converter itself is
desi gned to have that function. From t he above, this enbodi nent
can realize a space divercity function which is built in a |loca
frequency conpl ementary of fset type frequency converting nmethod which
bases this invention. According to this invention, as obvious
fromthe above- 20 described enbodinents, the frequency between the
channel s contained in a connunicqgion systemis directly converted as
t he | ocal frequency of the receivief, besides it is possible to
prevent the frequency offset arisfng in its output signal and the

i ntroduction of t he %cgacent changuel signals thereinto, and hence it

is possible to
fb(t) o
g3 | > AD —*kg f(nTs1) § (t-nTs1)

f(t) K = 4

4 o
2cos ((wc-wolt) AD »kg- £(nTs1 + t )8 (t-nTsi-¢ )

q)

91
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-14 8- | essen the power in the receiving system sinplify the

circuit, and reduce the power consunption It should be
understood that the foregoing rel ates tgl?g preferred enbodi nents of
the present invention, and that it is I ntended to cover all changes
and nodifications of the enbodi nents of the invention herein used for
t he purposes of the disclosure, whi ch do not constit qg departures
fromthe spirit and scoge of the i nventi on. é VWHAT | S
CLAIMED IS 1. Arec%l’:"mng circuit conprising: =5
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first and second frequency converting circuits for accepting a received

si gnal obtained through an antenna; a |l ocal frequency signal
generating circuit coupled to said firs§2?€g second frequency converting
circuits for generating upper and | ower Thiernedi ate frequencies

respecti veIE bet we:agn.? radio carrier fregency of said received signal and
radi o carri r1¢5§x1 i es of adjacent upside and downsi de channel s and
further for outputting the upper frequency as a conversion frequency i nput
to said first frequency converting circuit and for outputting the | ower
frequency 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 conponent
present in comon in both outputs of said first and second frequency

converting circuits; a frequen3 offset circuit coupled to said
commopn wave extracting circuit for renpving a frequency offset remaining in
an out put of said commobn _wave extragtinpg circuit; and a filter
coupled to said frequenc§ %ffseﬁxbL'gﬂ% for rengy“°ﬂn@ﬂ)quﬁﬁ§ sary
frequency conmponen® 3emaiping iph anlo ut of sai dior equency offset

circuit. 2. A hecej i rgui t leonpri sing:

- 150 - f(t) enNcy tonverting circuits for

Fa

accepting a recej »eg\sig i t hfSubhl an anteenna; a |l oca

frequency signal geferating cir AR pret o saT & KnTyrh and ddkadad t

" frequency convefs né”ﬁ??% its f ner §2 g} upper* and | ower internediate
frequenci es respectively betweefp a ragdi i er frequency of said received

sii%gl and radio carrier freque$ciq§§gég‘ j\atent upside and downsi de

U

channel s and further for outputingy pef frequency as a conversion

frequency
- 0 1 m ”
‘-—' AD > ¥ f(nTst+ t m) & (t-nTsi- T m)
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input to said first frequency converting circuit and for outputting the
| oner frequency as a conversion frequency input to said second frequency

converting circuit; a first freqqﬁ$ offset circuit for renoving a
frequency offset contained in an out put ald first frequency converting
circuit; a second frequency offset circuit for renoving a frequency

of f set contalned in_an output of said second frequency converting circuit;
a common W&Vél.gt.rzﬁt8ng circuit for extracting a conponent present in
comon in both outputs of said first and second frequency offset circuits;
and a filter for renoving an unnecessary frequency conponent left in
an out put of said conmopn wave extracting circuit. 3. A receiving
circuit conprising first and second frequency converting circuits
for accepting a received signal obtained through an antenna;

Substitute sheet - 151 -

a |local frequency signal generating circuit coupled to said first and
second frequency converting circuits for generating upper and | ower

i nternedi ate frequencies respectively between a radio carrier frequency of
said received signal and radio carrier frequencies of adjacent upside and
downsi de channels and further for outputting the upper frequency as a
conversion frequency input to said first frequency converting circuit and
for outputting the | ower frequency as a conversion frequency input to said

second frequency converting circuit; firs uanti zi means for
quanti zing an output of said first frequency conv i ng CZﬁggit;
f nd frequency

second quant|2|ng:gfans for BJanti B8g an out put —Hf s3
gﬁgrtlng circuit; g { AD ] > 1
I~ " gpr) (ke

3‘—‘% /C‘: A/Lo_ DSP-» Q

94 96 o U
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Q2 nfo + DELAYED PULSE



a conmon wave extracting circuit for extracting a conponent present in
common in both outputs of said first and second quanti zi ng neans; a
frequency offset circuit for renoving aﬁ;gguency offset remaining in an
out put of st.@mnﬁQIave extracting circuit; and afilter for
removi ng an unnecessary frequency conponent left in an output of said
frequency offset circuit. 4. A receiving circuit conprising: first and
second frequency REGRININGOWAVECUits for accepting a received signal

obt ai ned t hrough an an-ge na; al ﬁ qguenc i gnal generating
circuit coupled i dYfirst &8 secmfg§ r(e%sjzncy Yt)?n‘éerti ng circuits for
gener ati ng upper andal,o her —i-ntferppdlate L BAND
Substitute sheet ¢ FILTER |-|A/D SIGNA ‘-B@

frequenci es respectively between h Caéﬁ car i%(?CFISeSqIUIgﬁ ‘y‘"oP HTr ecei ved
signal and radio carrier frequenci e0Tp adj acent ugsi de and downsi de
channels and further for outputting {he} upper fregyency as a conversion
frequency input to said first frequehcy} convertinglcircuit and for
outputting the | ower frequen B s+oR—~qquency input to said
second frequency convertigg~gircuit; s uanti zi ng neans for
quanti zing an output of saidifirst f|eqaety) con } ircuit;

second quanti zing nmeans for quanti zi hb—aa—ewtputd ¢ff said second frequency
converting circuit; a Li rst fkgeuency offsegt] circuit for renoving a

)

frequency offset contained in an qu-pdt—eH sai d fijrfst quanti zi ng neans;

a second frequency offset cir remgvi ng a flfequency of fset contai ned
in‘?:%p out put of said se8@al flzi nB ans; . a common wave
extracting circuit for extracting ent present in comon in both
outputs of said first and secbnd freguency offset Icircuits; and
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a filter for renoving an unnecessary frequency conponent
of said commobn wave extracting circuit.

conpri si ng:

frequency Sign

5.

left in an out put

A receiving circuit
first and second quadrature denodulating circuits for
receiving g Hegeive pignal obtained thtd(@h an antenna;

a | ocal

generating circuit coupled to said first and second

quadr ature denodul ating circuits for genegeﬂ'gg) upper and | ower

i nternedi ate

frequenci es respectivel t wee

a radio

arrier
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out put extracted through said second comon wave extracting circuit;

a first filter for
an out put of said first
Substitute sheet

24 Cct ober 1997

second fil t®rqf r gngv
an output o %ég& secon
circuit conprising:

circuits for receiving a received signa

a local frequency signa

removi ng an unnecessary frequency conponent

d frequency offset circuit.

remaining in
frequency offset circuit; and
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ng an unnecessary frequency conponent remaining in
6. A receiving
first and second quadrature denodul ating
obt ai ned through an antenna;

generating circuit coupled to said first and

a

second quadrature denodul ating circuits for generating upper and | ower
i nternedi ate frequencies respectively between a radio carrier frequency of

sai d received signa

and for out pd$HOSHI®Ne |

sai d second quadrature ¢

frequency offset circuit
comon in | outputs and
denodul ating circuits;

extracting a conponent present
first and second frequency offset circ
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- 155 - first and second filters for renoving unnecessary
frequency conponents renmaining in outputs of said first and second comon

wave extracting circuits. 7. A recejpddig circuit conprising;
first and gd q@@r ature denodul ating circuits for receiving a received
signal obfained through an antenna; a local frequency signal

generating circuit coupled to said first and second quadrature denodul ati ng
circuits for generating upper and | ower internedi@De frequencies
respectively between a radio carrier frequency of said re&dved si gnal and
radio carrier frequencies of adjacent upside and downsi dg/ channel s and

further for out ti ng t41 m r frequency as a nversiaon equency i nput
to said first qua ating circuit ar}gbfor out_‘ptittingthe | ower
frequency as a gonv r f NGYsd NpYt to sa segond quaprat ure

denodul ati ng citrcury; ,ur nd gecond quanti zi meahs for
quantizing an | outp o' said first |q ratufe denodul ating
circuit, respectivel yi— £ ourth qu'ébtizi ng neans for

quanti zing an | out put and § SEYRRT quadr & Lir e

denodul ating circuit, ecti ﬁ/ 1] a“f/ mmomwave extracting
circuit for extracting a conponent p?%sen -GG-I’FH%-F\—I—H—SSI d | outputs of
said first and third quantizing maagz/5 p

920’\'—[ {__ 1Mt 792b

N nfo + DELAYED PULSE
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Substitute sheet - 156 -
a second commopn wave extracting circuit for extracting a conponent present

in conmon in said Q output of said second quantizing neans and said Q

out put of said fourth quantizing means 3§%gﬁsed in polarity; a
first frequency offset circuit for renoving a frequency offset remaining in
said | outm $d through said first comobn wave extracting circuit,
a second frequ cy Of Tset circuit for renoving a frequency of fset renaining

in said Q output extracted through said second conmon wave extracting
circuit; a first filter for renoving an unnecessary frequency
conponent left in an output of said first frequency offset circuit; and

a second filter for renmoving an unnecessary frequency conponent left in an

out put of said second frequency offset circuit. 8. A receiving circuit
conpri si ng: first and second quadrature denodulating circuits for
receiving a received signal obtained through an antenna; a | ocal

frequency signal generating ci
guadr at ure denodul ati ng cg&w
intermedi ate frequeﬁé;es reg

EUit coupled to said first and second
generating upper and | ower
pcti vely bet weeggn radigQcarri®@ frequency of

sai d recei ved signal : jer freguencies of adjacgnt upside and
downsi de channel s I urt her fBPFoutput t he uppe} flequency as a
conversion frequency i | ur eA/B: nnﬁulaflh circuit
and = '
Substitute shebf f;jij g L— | pse
: BPF
e b ' = AD > Q
fo + DELAYED PULSE
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- 157- for outputting the | ower frequency as a conversion frequency input

to said second quadrature denodul ating circuit; first and second
guanti zing means for quantizing an | output and a Q output of said first
guadrature denodul ating circuit, respectively; thirg gggnquﬁkgt
guanti zing means for quantizing an | output and a Q outputzgf éﬁi rsggfﬁd
quadr ature denodul ating circuit, respectively; a freq CY ofTSet
circuit for renoving frequency offsets remaining in said | outputs and said
Q outputs of said first to fourth quantizing neans; a first conmon
wave extracting circuit for extracting a tonponent present in common in the
| outputs of said frequency offset circuit; " a second conmmon wave

extracting circuit for extracting a conponent present in comon in the Q
output and a pollaraddifionen furtheriolfee we his invéntivmi isl td sewprerally revidve finchbiial Pirks
afirst filter for renoying.an unnecessary fr.equency cqonmponent left in said
| output e ¥B 3 FACSYHIS <ol toirp M@@M@mtﬂdﬁm&qgm 3 darge powen

a second fi ' it ARRS frequency conponent left in
said Q out 5%1}5%55@%05?@3%38”% cothmn V\%\?g’%eszt racting circuit. 9. A

receiving circuit as set forth in any one of clains 3, 4, 7 and 8, wherein
a correlator for calculating a nutual correction js used in . .
- 158- For shese FRITO59Sy 3% SRRy @ TesEVing cirewi accexsding to thisiigvention is

i) 28" AU of o EDUBLES LR PO o w30 N LA
obtained through an antenna, a local frequency signal generating circuit for generating upper and
lower intermediate frequencies respectively between a radio carrier frequency of the received
signal and radio carrier frequencies of adjacent upside and downside channels and further for
outputting the upper frequency as a conversion frequency input to said first frequency converting
circuit and for outputting the lower frequency as a conversion frequency input to said second
frequency converting circuit, a common wave extracting circuit for extracting a compdnent
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
‘Wwave extracting circuit, and a filter for removing an uanecessary 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 Jocal
frequency comglementary offset type direct frequency converting system, which bases this
invention, A
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10- A receiving circuit as set forth in claim1l or 2, wherein only 5
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 out put éﬂbsqitﬁ{éjgheet
where no frequency conversion is effected by said first fr@@xf 8§e 1997
converting circuit is obtained by another frequency conver b
circuit to attain two frequency-converted outputs necessary for the

conmon wave extraction. 11. A receiving circuit as set forth in claim
3 or 4, further conprising a digist<al frequency converting circuit,
and wherein only said first frequency converting circuit is used for

accepting said 1 5 received signal and only one of said first and second

quant i zi ng space diveBiy Fudclionl %RA bleOrealiied Wikl? @t feBélving ikcait baked! B a0siRgIE idi@Ed ON
by said guanti zi ng means, a frequency-converted output of a side

where no quadraturedetestosy conversion is performed by said first frequency
converting circuit is obtained by said digital frequency converting 20
circuit to obtain two frequency-converted digital outputs necessary

for the commn widetheydiragenett) a received sikhal obtdidatoth B astbsirals fedad tBefirsf Md h

inclaim5 or 6, further =  conprisi n? a frequency converting circuit,

and wher ei $econtl freguracigonverting circuits, while the Jocal frequency signal generating circuit supplies,
to the first and second frequency converting circuits, two different frequencies, i.e., the upper
(upside) and lower {downside) frequencies corresponding to central values between channels,
thus producing two output signals in terms of each of a desired wave, an upside ché.nnel 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 upper and lower intermediate frequencies respectively between
a radio catTier frequency of the received signal
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said first and second quadrature denodul ating circuits is used for 25
accepting said received signal, and two outputs of said quadrature
Substitute sheet

24 Cct ober 1997 bstitte sheet
denodul ating circuit are frequency-converted by said freqmﬁﬂpécﬁ%H¥B{ §%9
circuit to obtain a frequency-converted output of a side

guadr at ur e-denodul ati on is nade, to obtain two quadrature-denodul at ed

out puts necessary for the common wave extraction. 13. A receiving
circuit as set forth in chaim7 or 8, f#@rther conprising a digital
frequency converting circuit, and wherein only one of said first and second
guadrature denodul ating circuits is used for accepting said received signa
and only sausl adieeadieafequiliidsdf adjsueit upside anbdovmside ehanseisiandfittherd fof bufphifting
quanti zation by sajd quantizing means, two outputs of said quantizing neans
are frequenthpUuppes \ﬁ@qﬂwwmmmgmcwwm@ et&meﬁwmnwmgmmmd

obtain a fr dem)d tion is
oftocten. | BHSMNREMELLRN SR a0 cOnt o B fHAr LRIEne SRR ety
CONMMDN WaV ec@ndertid tibduit, a chthmon Wavetkerastingocifdult for Extefilly A ToMPonent present in
first and second frequency converting circuits for accepting a received

signal obt aFefBROR i second ﬁe@lqnsrarpmmqm;s sﬁgrmncy offset

PRLERS
generatlng Ve
o Teuts P oy el iR %@ﬁﬁﬁ%@% 38 R0k bf 68 HSRmbn S Sdrb il
respecti vel yirdufy ameviler mmmrmumecégmm@fcoﬁ@bﬁbnt SerRdinifgl @mgmbutaﬂd
radio carrier frequencjes of adjacent upside and downsi de channel s and

further forthedfemerdyRéisetcuibper frequency as a conversion frequency

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 coup{ed to the first and second frequency converting circuits
for generating upper and lower intermediate frequencies respectively between a radio carrier
frequency of the received signal and radio carrier frequencies of adjacent upside and downside
channels and further for outputting the upper frequency as a conversion frequency input to the
first frequency converting circuit and for outputting the lower frequency as a conversion
frequency input to the second frequency converting circuit, a first frequency offset circuit
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I nput to said first frequency converting circuit and for
Substitute sheet

24 Cct ober 1997 - 160-
outputting the | ower frequency as a conversion frequency i stitPreSehebt
second frequency converting circuit; first and sec Oic%gg,r%'ggg

circuts, serving additionally as |low pass filters, for recelving outputs of -

said first and second frequency converting circuits through input |ines; :
first and second buffer anplifiers for receiving outputs of said first and
second integrating circuits; fkflst and second transformers having
the sanme construction and having primary coils whose one ends accepts
outputs of said first and second buffer anplifiers, the other ends of said
prinary codryebvisga ftequendiofBét¢omainedid ahlontpit of therfistd feqkngy oorvdthg direhife
formof alternating currents, and secondary coils of said first and second
t r ansf or neA§eqosd Kgqeengp ofbet icicyibion remgvingn éa@wneﬁ oifset pontaiedinmraytputiof the

pol arities_of L d ' I d_ opne I s il s equal
o pol ar ¢ §oat ek pRhh Rasfils Rty o REwRRL St SRR RN Gacind e
ot her ends cghpérdhtpresarindainton it beth atputy SFUBIBEt and second Redudhéytofivef Eiftuits,
anplifier for accepting an output fromsaid first and second transforners,

a f r equencgnds filtesforsemeving an yrnecesspryifieguency cemperany lefrin 98 outpatraf thersgmmenan
out put of %? Jcrﬁig huf f.er anplifier, and a filter for renoving an
unnecessary & %"go onent remaining in an output of said frequency
of f set. 15. A receiving circuit conprising:

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 upper and lower intermediate frequencies respectively between a radio carrier
frequency of the received signal and radio carrier frequencies of adjacent upside and downside
channels and further for cutputting the upper frequency as a conversion frequency input to the
first frequency converting circuit and for outputting the lower frequency 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
cutput 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 frequex;cy offset circuit for
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Substitute sheet

24 Cct ober 1997 - 161 -
first and second frequency converting circuits for accepting a received
si gnal obtained through an antenna; a local frequencg,psifitk sheet

generating circuit coupled to said first and second frequeRgyoefibd:' 1989
circuits for generating upper and | ower internedi ate frequencles
respectively between a radio carrier frequency of said received signal and
radio carrier frequencies of adjacent upside and downsi de channel s and
further for outputting the upper frequeBcy as a conversion frequency input
to said first frequency converting circuit and for outputting the |ower
frequency thereof as a conversion frequency input to said second frequency
converting cémavirgts frequency offiat remaimimglinsancmutgiit df tifecoommdnavaverextradtingrcirchity and
accepting outputs of sajd first and second frequency,convertin ircuits

t hr ough i np@tliier jprFemoving an Unngcessafy HequeRntP %@ iheR 8% Ehgffi,e feequencyg
addi ti onal | ygas o8\ Pass filters, for correspondingly accepting outputs of
said first and second differential anplifiers; first and second
buffer anplifiers for supplying outputs of said first and second

Integrating circyits; an r ,making a feedback from an, out put si de
of each of said W?@@mgﬁﬁnﬁ tBFé‘FV% FFWWQEWJ&CH@@%S\%“M gecogdde

thereof;, g 'éo%beraﬁgiﬁm Fa&eﬁﬂgt‘%&%& i bﬁt&x‘n&@&r@?gsﬁng&faha kgn

and havi ng pretﬁursg{rzyy colls ose one ‘ends accepts%@%ut puts o al HStLhClghﬁ

second buf f Eequenpy sigrabgeneratitgcirouih evupdetcte thé fimtiamt secondefrgquency converting circuits
for generating upper and lower intermediate frequencies respectively between a radio carrier

frequency of the received signal and radio carrier frequencies of adjacent upside and downside
chaonels and further for outputting the upper frequency as a conversion frequency input to the
first frequency converting circuit and for outputting the lower frequency 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,
4 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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24- Cct ober 1997 - 162- coils of
said first and second transforners being at |east grounded in the form of
alternating currents, and secondary coils of said first and second
transformers being coupled in parallel to each other in aceggpdafing Hdet
polarities of said primary coils and one ends of said secQQd@E}/o%Hgg?qual
in polarity to said primary coils is used as an output term na ile the
ot her ends of said secondary coils are grounded at |east to alternating
currents; a third buffer anplifier for accepting outputs of said
first and second transforners; -feans for conparing an output of said
third buffer anplifier with an average of the output of said first
frequency converting circuit and the output of said second frequency
conver t i ngfrequengy componaat lefdu an hetputiofithe somos siare extrasting pisicwtecond
frequency converting circuits; means for causing an output of said
third buffer anplifier to be feedbacked to one of said first and second
frequency Conveﬁhﬂﬂth&ﬁrﬁféirééfohﬁofﬂsriﬁﬁ:ﬁ&;9&&3@&@&9&&%?&&6& S b HdS

of said first and second frequency converting circuits; requency

of f set ci r quadraturef(orthogomaly dergodulstingcpirowits foo feceining maresived signalotsained thodyght

of said third buffe lifier; and . filter fo enpvi ng, an
unnecessar §2 ﬁ%ﬁ@ﬁﬁ?gﬂ’ﬁm’e - Wﬁ?&ﬁfﬁ“ﬁ G%H‘Plﬁﬁprﬁ'{ﬁ ﬁr(# .mgsreaor?q aAdEatcs

of f set ci r guinbdulating circuitd 6 §ickil el Bid lodRr BRérme@iatd b duchtial E‘ésgaéuﬁvely _
wherein said one end of said secondary coil different in polarity fromsSaid
prinmary cobt¢tween & tadioccarrien ivquencysfithe retrived signalfasd radiprartipnirequengitsefadigcentai d
end . . -183 - end of said
Secondary BRTe g e shranels spd Ayt for PYpe B goper Fequency g gprders

connect ed EBQuNY lillput to the first quadrature demodulating circuit and for outputting the lower
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
quadratire 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 demodulatiog circuit and a Q cutput of the second
quadrature demodulating circuit reversed in polanty, 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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17. A receiving circuit as set forth in claim 15, wherein said one
end of said secondary coil different in polarity fromsaid primry 5

coil is connected with said third buffer amplifier in place of said end

end of said secondary coil equal in polarity to said prinmarggps&itute sheet

bei ng connected therewth. 18. A receiving circuityagnS@beldddy i n
any one of clainms 1 to 13, further conprising | ocal frequency .
generating means coupled to said 1 0 frequency offset circuit, said |ocal
frequency generating nmeans i ncl uqi.ng: a first frequency
signal source for generating a signal "wth a frequency equal to a
carrier frequency of a desired receiving signal; first neans

for accepting a signal fromsaid first frequeng& 1 5 signal source to
phase- shi f tfreqveney O8pataemainingain thy Q quitas cextraeted through the)seqoad rqotmmeg wave

e oy PR B, ot A B3 2Py rmogacy corbobB i o

equal to 1/g Qftpe: df1tBeIBRDEYqeRa Sfet SiRRAM, ARt a second filter for rerRRAIYhn BRABSeséPy
P

accepting a.signhal fromsaid second 20 frequency signal source to

phase- shi f tfrequiencygaspopensirempiging dnampeowsiut of the sesprphirequencoffiiet siccuitrount  of
[err]/2;

Lo

In a further preferred form of this invention, a recetving 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 upper and lower 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 upper frequency as a conversion frequency input to the
first quadrature demodulating ciccuit and for outputting the lower frequency as a conversion
frequency input to the second quadrature demodnulating 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 coroponent 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 ¢ircuit and
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a first quadrature nodul ator conprising a nmultiplier for recei ving
the two signals fromsaid first and second frequency signal sour ces
and, a multiplier for receiving two signals fromsaid first and 25 second
phase-shifting nmeans; and a second quagbgg sheet
nodul at or conprising two nmultipliers for recei ving QH

signals fromsaid first and second frequency signal rough
sai d phase-shifting nmeans. 19. A receiving circuit as set forth in
any one of clainms 1 to 13, 5 further conprising |ocal frequency
generating means coupled to said - ¥kequency offset circuit, said |ocal
frequency generating neans I ncl udi ng: a first frequency
signal source for generating a frequency signal equal to a carrier
frequency otheQ dm;;ilmfdhe secend/freypresdygafBskt circhid 61 reversed in‘ palaity,nandfirstfand second
accepting a]f q@ from said fir frequency I gnal source to

phase- shi f t fiitA® TF ERRAVaRg 'é‘?UQFFéFaTY)% eaueﬁﬁ:agema?ﬁmﬁtremmmg 18 foutputy of the fjrstrand

respect to g hhgUHRRER wive biEading BRGEM. ST onal;

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 circunit coupled to the first and second quadrature
demodulating circuits for generating upper and lower intermediate frequencies respectively
between a radio carrier frequency of the received signal and radio carrier frequencies of adjacent
upside and downside channels and further for outputting the upper frequency as a conversion
frequency input to the first quadrature demodulating circuit and for outputting the lower
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 first common wave
extracting circuit for extracting a compounent 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 quimtizing ;means reversed in polarity, a first
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a second frequency signal source for generating a frequency si gnal
equal to 1/2 of a frequency channel spacing; 1 5 second neans for
accepting a signal fromsaid second frequency signal 'source to

phase-shift a frequency of the accepted signal by a migstitafshéetof

[err]/2; mul tipliers for receiving the two S'WU%tBBQFWQQVd
first and second frequency signal sources; and neans for

inverting the polarity of an output of one of sai d multipliers to add
the polarity-inverted output. to an ou ut of the other multiplier.
20. Areceiving circuit as set forth™ifiany one of claims 1 to 13,
further conpr|5|ng | ocal frequency generating nmeans coupled to said

-165 - requency offset circuit, said |local freguency generating
means frequmame circuit for removing a frequensy st wrgining wobe dou extracted

generating °S}é§ gl%s | gﬁg@ngg %Jave mmg%ﬂaﬁ{ a 5&o8d (ﬁ%ﬁ&e'n%y o&ge‘% UG for P rcrnoviug

desired recei
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 recetving a received signal obtained through an antenna,
a local frequency signal generating circuit coupled to the first and second quadrature
demodulating circuits for generating upper and lower intermediate frequencies respectively
between 2 radio carrier frequency of the recetved signal and radio carrier frequencies of adjacent
upside and downside channels and further for outputting the upper frequency as a conversion
frequency input to the first quadrature demodulating circuit and for outputting the lower
frequency as a conversion frequency input to the second quadrature demodulating circuit, first
and second quantizing means for quantizing an I cutput 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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5 - means for accepting a signal from said frequency signal source
to phase-shift the accepted signal by a phase anmount of [err]/2 with

respect to a frequency of the accepted signal; a quadrature
nodul at or conprising two nmultipliers for accepting f

signal fromsaid frequency signal source 1 0 through saiQEEﬁ%%éHgﬂg%Ef%g
nmeans; and means for inverting the polarity of Hpﬁﬁb ? one
of said two nultipliers and for adding the polarity-inverted output
to an out put of the other multiplier. 21. A receiving circuit
as set forth in any one of clains 1 to 135-1 5 conprising:

nmeans for analog-to-digital-converting first and second recei ved
signal s obtai ned through one of said frequency converting circuits

and sai d quréptingLredeiv@tisibnil ob@ined RErLHS an antenna, a local fréquenty sipshl peastathg
Fourier transformers for accepting digital 20  outputs_of said
anal og- t o- ¢izghit spupledhta:toeifisy; and speond feqprncy icowsiesting circuits for generatingninpet andor

for accepti,ng out puts. of.said.first an cond __ .. Qurier transforner

O 20CPt ORGSR 51N SRR, o o obrasy R S8

accepting afprfalafifaded carAkirequencies of adjacent upside and downside channels and further for
outputting the upper frequency as a conversion frequency input to the first frequency converting

circuit and for outputting the lower 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 cutput from
the first and second transformers, a frequency offset circuit for removing a frequency
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correl ator; | -1 66-
a weighting value nultiplier for accepting an output of said

wei ghting function devi ce; an adder for accepting said outputs
of said first and second Fourier transforners; 5 Subst utdEshEetf Of
inputting an addition result of said adder to said £$é¥19§?d
an inverse Fourier transformer for accepting an output of sal

wei ghting value nmultiplier, wherein an inverse Fourier
transforned output of said inverse 1 O Fourier transfornmer is used as a
desired wave extraction result. -2¢- A receiving circuit conprising:
received signal inputting nmeans for receiving a received signal from
an ant enna; a quadrature denodul ator for carrying out a

fr equlency offser pamining iy apr atpesodfhesthird buffee ianpiifie] gndla fitanfarajethoringeiny ed
stgna unnecessary frequency component remaining in an output of the frequency offset.

In a further preferred form of this invention, a recsiving 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 upper and lower intermediate frequencies respectively between a radio carrier
frequency of the received signal and radio carrier frequencies of adjacent upside and downside
channels and further for outputting the upper frequency as a conversion frequency input to the
first frequency converting circuit and for outputting the lower frequency as a conversion
frequency 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 circnits, 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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I nputting means to obtain two output signals different in phase;

first and second anal og-to-digital converters for accepting one

out.put signal of said quadrature denodul ator to convert its anal og

signal into a digital signal; 20 a sanpling cl ock @ig@itatdshber
generating a clock with a frequency which is nore tk@@?%b@m-}a
frequency correspondi ng to a bandwi dth of said received signal;

a delay circuit for delaying a pulse train fromsaid sanpling cl ock
generator to produce a del ayed pul se train;

-1 67- third and fourthdnal og-to-digital converters for
accepting the ot her output signal of said quadrature denodul ator to
convert its anal og signal into a digital si%nal' nmeans

for provi diends ofthe ppmaryeoils ofithe firstand segont! tsansfiirnarg @k leastgrounged da thedornand
sai d del aye ulse train.as_an sanplin | se for, sai first to
Fourth anal Gbiettng PRl 3nd BBy cff ffthe'fied Sla 388 ransformers bEhng Supled

in paralle] 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 at least to dtemaﬁng 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 ontput 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 2 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 of the secondary coil equal in polarity to the primary coil being connected therewith.
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means for extracting a quadrature conponent of a desired recei ving
channel signal fromdigital output data of said first to fourth
anal og-to-digital converters. 1 0 23. Avreceiving circuit corrpri si ng:

received signal inputting means for receiving a received si itut shefrom
an antenna; a quadrature denodul ator for carryi f g
frequency converting process of said received signal %%ﬁ d1997
received signal 1 5 inputting means to obtain two output SI gnal S
different in phase; first and second anal og-to-digital
converters for accepting one out put2%i gnal of said quadrature
denodul ator to convert its anal og signal into a digital signal;

a sanpling clock generator for generating a clock with a 2 0 frequency

hi gher t harfoeal bssiitptentoy supplyims potidifing ahd secohd ﬁdqn’mht:jn cmiverting means,i @ dutmeiay ed
si gnal ; adeliy Cir Ult for del a g Q_ﬁa e[alnfromsald
sanpling a&frequengyrodused bypeavidins b fagussey affiet p }/é #t g shanne} 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 comverters, 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-digjtal 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 amalog-to-digital converters without being
frequency-converted.

Throughout this specification the terms "upside” and "downside" are used

interchangeably with the terms “upper” and "lower” respectively in relation to frequency and

channel. As used these terms have the same meaning.

BRIEF DESCRIPTION OF THE DRAWINGS
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thitd and fourth anal og-to-digital converters for accepting the
ot her output signal of said quadrature denodulator to convert its

anal og signal into a digital signal; means for providing said
pul se train fromsaid sanpling clock 5 generator and s§1,‘|j { ?Jk@%ﬂget

pul se train—as—an-sanpling pul se for said first to é?té ber 1997
anal og .di dgital converters; and means for eXtr |ﬁ5 z?
%adra“'@ﬂf@ﬂmammm a desired recei ving channel signal from
digital= Misaid first to fourth anal og-to-digital
converters, 10 wherein a del ay~##%e of said delay circuit is set
to a tinme other than a phase difference corresponding to [err] with
respect to a frequency of said desired channel signal. 24. A
recei ving GVHANT IS GBATED IS th in claim 22, wherein a del ay time of

said delay circuit is set to a phase difference corresponding 15 to
[err]/2 witlh redheeceiving Qrcel 6OpGH#IL: of sai d desired channel signal.

20 1251 V00 Gl eSO Samyrin i o AT LR S
first and seeph sdamesdr;to-digital converters for accepting said

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

a common wave extracting circuit coupled to said first and second frequency convérting
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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20 received signal to convert said received signal into a digital signal
a sanpling_clock generator for supplying, to said first and second
anal og-to-digita -ers,-.a clock with a frequency higher than a

frequency -c to a bandwi dth of said received § »
- 169 - Wm’ﬂm”m.ﬂm ing circuit for adding a dela y gﬁtgg%gegei;n to
neans

a pul se *tfarn d sanpling clock generator;

for providing said pul se train from said sanpl i ng cl ock generator and
sai d del ayed pulse train as an sanpling pulse for said 5 first and
second anal og-to-digital converters; -ab@- means for extracting a
desired receiving channel signal from digital output data of said
first and second anal og-to-digital converters. 26. A receiving
circuit as set firsttahd sezond fequenby corvertieg sireuitifbnyccepiting a teceieeddigrahiobitained
del ayed pul se train adding circuit is set to a phase difference tine
cor r espondthseuahry antennay with respect to a frequency of sai d desired

channel signal . ; jocal frequency signal generating circuit coupled to said first and second frequency

converting circuits for generating upper and lower intermediate frequencies respectively between
a radio carrier frequency of said received signal and radio carrier frequencies of adjacent upside
and downside channels and further for outputting the upper frequency as a conversion frequency
input to said first frequency converting circuit and for outputting the lower frequency as a
conversion frequency input to said second frequency converting circuit;

a first frequency offset circuit for removing 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 second 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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27 A receiving circuit as set forth in claim25, wherein neans is
provided to generate a plurality of delayed pulse trains, and a delay 15
time of said delayed pulse-ttain is particularly set to a time other

than a phase difference corresponding to [err] with respecigjyitifute sheet

iéﬁ%‘#??f%g"f R LS 7L s ot i g remns 2 SRty 87

recei ved signal 20 "rom an ant enna; an anal og-to-digital
converter for accepting said received signal to convert said received
signal into a digital signal; -151- 3 sanpling clock generator for
generating, to said anal og-to- digital converter, a clock with a

frequency higher than a frequency 25 corresponding to a bandw dth of
sai d received si eghmbl frequency signal generating circuit coupled to said first and secedd H8guency

? p o;dgiapg Cscgﬁwl et %f 4 a@:d 5@%@%‘ Lt dwgel & e%lg uclersxgtext:{e%xatc& quenges respectively bétrw%IeI{]

a radio carmier frequency of said received signal and radio carrier frequencies of adjacent upside

- and downside channels and further for outputting the upper frequency as a conversion frequency
input to said first frequency converting circuit and for cutputting the lower frequency 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 frequeﬁcy 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 upper and lower intermediate
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means for providing said pulse train fromsaid sanpling clock
generator and said del ayed pulse train as an sanpling pulse for said 5
anal og-to-di"@"t“ar‘_cvnveﬁ—er--;———and means for extracti ng a desired

recei ving ch | from d| gital output data of

anal og-t o- di agiﬂluw ,E ﬂrlw A receiving circuit d‘g@gg i%e

a plurality of« L | nputt| ng neans for acceptl bere 93ed
signals from a plurality of antennas, respectively; first and
second frequency converting neans for accepting said received

si gnal s; a local oscillated52er supplying, to said first and
second frequency converting neans, an output at a frequency produced
by 15 frequency-offsetting a desired carrier frequency by 1/2 of a
channel spafriedqeenicies qespectyvely between a radio &irriet frequéncyeofosail received)signal dind iradid
converters for, accept1 n nal,s from sal d f|r t angd second frequency
converting PASBE gf@éﬁﬁ@&ﬂ‘?ﬂ&”}ld doppside chann g’&ﬁ‘i‘ﬁ‘l%ﬁ@“@ﬂg{ﬂg the upper

generator f I [ kS

clock with % ¥ queal“hcy Llﬁ"grﬁq%ega&ﬁg %Rﬁgﬁg first ﬁeqhgiccg?érogg%gﬁfl §“t[%nd2f°r

bandwi dt h obutpattihgr the dowexdﬁédug:ﬂey as a conversion ﬁ'equency 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 recéived signal obtained
through an antenna;

a local frequency signal generating circuit coupled to said first and second quadrature

demodulating circuits for generating upper and lower intermediate
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an-adding'ETfCuit for adding a delayed pulse train to a pul se train

fromsaid s I.ng cl ock generator;
-171- ﬁﬂﬂ’//j/’?/lll/ for providing said pulse train fromsaid
sanpling cl ocK'c ¥ mgw or and said del ayed pul se trai ngasstfite 8ABed N9
and second anal og-to-digital Cofﬁ'?fétgﬁgi' 1§§@}|
lgita

pul se for said "fisrs
nmeans for extracting a desired receiving channel signal from

out put data of said first and second anal og-to-digital converters.
30. Areceiving circuit as set forth in claim?29, wherein said |ocal
oscillator for providing said output tb%aid first and second

frequency converting neans is provided independently so that local 10
oscillation frequencies are frequencies produced by carryi ng out

posi tive anflequageies vespbativalycheoyeenfd mdioscanyerlfr duedcyeofhidmeedivaipsighal @nd radio

Fcel vi g PSB! MIBFohUpHa A AAIe RHSF AR EHES fapoutputing the upper
frequency as a conversion frequency input to said first quadrature demodulating circuit and for
outputting the lower 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 quadrature
demodulating circuits for extracting a component present in common in both 2 Q output of said
first quadrature demodulating circuit and a Q cutput 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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received signals of said plurality of receives signals are supplied to 15
said first and .second anal og-to-digital converters w thout being
frequency-converted;-and. said first and second anal og-to-digital

==

converters afr/w 0 haye\a“'frequency converting function ; 32, A
recei ving ci Mjﬂym}] recei ved si gnal h&Hgﬁ”"Hﬁ j@%‘}ﬁs
- 7

for accepting acre 20 from an antenna; ctober
quadr at ure denodul at or f°or *perforning a frequency converting process
of said received signal fromsaid received signal I nputting means to
obtain two output signals different inighase; a first
anal og-to-digital converter for accepting one output signal of said
guadr ature denodul ator to convert its anal og signal into a digital

si gnal ; a secorid SIRE fob cbniiing Qf ubkkcelisaly fidquaaoysigoRent renamigaR hh Bbtpub e

ot her 5 output signal of said quadrature denodul ator to convert its
anal og of ssidneeond freqyencyoffgetidincuiti gnal ;

6. A receiving circuit comprising:
first and second quadrature demodulating circuits for receiving a received signal obtained
through an anteana;

a local frequency signal generating circuit coupled to said first and second quadrature
demodulating circuits for generating upper and lower intermediate frequencies respectively
between a radio carmier frequency of said received signal and radio carrier frequencies of adjacent
upside and downside channels and further for outputting the upper frequency as a conversion
frequency input to said first quadrature demodulating circuit and for outputting the lower
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 2 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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a sanpling clock generator for supplying, to said first and second

anal og-to-digital converters, a clock with a frequency hi gher than a
frequency correspongl gyt h of said received 1 0 signal;

a delay circuit formnmmmﬂmnmm train fromsaid sanpl idighstitute shbOCK
generator to produce+*a delayed pul ge train,; ”Ei‘ﬂg)zt% FH 7yi ng
said pulse train fromsaid sanpling clock generator a 2RP8 d& ayed -
pul se train as sanpling pulses for said 1 5 first and second

anal og-to-digital converters; and means for extracting a

quadr ature conponent of a desired - 153 ecei ving channel signal from

digital output data of said first and second anal og-to-digital
converter. 33. Avreceiving circuit conprising: 20 recei ved

si gnal i nputti ngfireand séoond fiters fot regnoyingauwiesassiry frgquency comporentsmemaining in
ant enna,; rat uge denodul at or f.or&i{lger.form ng a frequency

converting BV@B@gsﬁip%giua SEFORT GUMMOp SYANP EXHAFHPE X UtSecei ved si gnal

i nputting means to obtain two output signals different in phase;
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 upper and lower intermediate frequencies respectively
between a radio carzier frequency of said received signal and radio carrter frequencies of adjacent
upside and downside channels and further for outputting the upper frequency as a conversion
frequency input to said first quadrature demodulating circuit and for outputting the lower
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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-17 3 - a first anal og-to-digital converter for accepting

one out put ———stgnal of said quadrature denodul ator to convert its
anal og signal | nto a digital signal; a second

anal og-to-d%@ﬂ@jﬁﬁﬂﬁﬁ““ or accepting the other 5 Q& 4 'Qﬂéét of
sai d quadr at | o convert its anal og (s%‘gﬁ; Paﬁ 87
digital signal; a sanpling clock generator f 8 y 8 to
said first and second anal og-to-digital converters, a clock with a
frequency hi gher than a frequency corresponding to a bandw dth of
said received 1 0 signal; -156a delay circuit for delaying a
pul se train fromsaid sanpling cl ock generator to produce a del ayed
pul se train; means for supplying said pulse train from said

sanpling clock  asecondiiehicH Wive@Rigacting clrctlit fist\eRbadiing 3 Coimnponent Presénd iPédridion
pul ses for said 1 5 first and second anal og-to-digital converters; and

nmeans for eRtseidcQioutpud of saidisecond quantizins means #1d BidiQHurny of said fourthegiiantizing
channel si ngalnsfré\pe@egiigipgﬁﬁty?m put data of said first and
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 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 upper and lower intermediate frequencies respectively
between a radio carrier frequency of said received signal and radio carrier frequencies of adjacent
upside and dov"mside channels and further for outputting the upper frequency as a conversion
frequency input to said first quadrature demodulating circuit and

REPLACEMENT SHEET

25 OCT 1997




second anal og-to-digital converter, wherein a delay tinme of
said delay circuit is set_to . a time other 20 than a phase difference

C(ﬁrreslpondl nglt‘o Terr] W th reﬁpect to a frequen]E:y 01;1 sai d desié‘ged
channel signa m ceiving circuit as set fort d MRt
werern < Serof UMMM 'ocfey clren T 7o o R 5

sai d desired channel si gnal
-157-

for outputting the lower 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 T 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 unnecessary 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 claims 3, 4, 7 and 8, wherein a correlator for
calculating a mutual correction is used in
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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 cutputs 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 sigoal 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 2
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 upper and lower intermediate frequencies respectively between
aradio carrier frequency of said received signal and radio carrier frequencies of adjacent upside
and downside channels and further for outputting the upper frequency as a conversion frequency
input to said first frequency converting circuit and for
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outputting the lower frequency 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 first 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 paralle] 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 cutput from said first and second transformers;

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

a filter for removing an unnecessary frequency compopent 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 antenna;

a local frequency signal generating circuit coupled to said first and second frequency
converting circuits for generating upper and lower intermediate frequencies respectively between
a radio carrier frequency of said received signal and radio carrier frequencies of adjacent upside
and downside channels and further for outputting the upper frequency as 2 conversion frequency
input to said first frequency converting circuit and for outputting the lower 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 2 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 grounded at least to 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.  Areceiving 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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