DI VERSI TY APPARATUS W TH | MPROVED ABI LI TY OF REPRODUCI NG

CARRI ER WAVE | N SYNCHRONOUS DETECTI ON BACKGROUND OF THE | NVENTI ON
(1) Field of the Invention 5 This invention relates to a

di versity apparatus for perform ng a synchronous detection of a
recei ved signal by reproduci ng a carrier wave. (2) Description
of the Prior Art Conventionally, digital conmunication
apparatuses 10 transm.t_information sign b t] ri.er-wave
si gnal s based on3§%§3§ﬂT¥rﬁ%ﬁ4&ﬂTQ§ i&%ﬁaf@ggggéébéﬁng?gngﬁg) to
achieve efficient transm ssion. There are such nodul ati on met hods

as: Anmplitude Shift RePROJUCASK) CABRIBBIWAYE Ay tSYCHRONOUFABTERICN t he
carcier-wave signal based on the digital 15 baseband signal (nodul ating
signal), Frequency Shift Keying (FSK) for nodul ating the frequency
- of the carrier-wave signal based on the nodul ati ng signal, Phase
Shift Keying (BSEXGROUND OF THEDANVANTI®N he phase of the carrier-wave
signal based on the nodul ating signal, and Quadrature Anplitude
Moduration (QAM) Field of the Invention
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This invention relates to a diversity apparatus for

performing a synchronous detection of a received signal by

reproducing a carrier wave.

(2) Description of the Prior Art

Conventionally, digital communication apparatuses
transmit information signals by modulating carriér—wave signals
based on digital information signals (béseband signals) to
achieve efficient transmission. There are such modulation
methods as: Amplitude Shift Keying (ASK) for modulating the
amplitude of the carrier-wave signal based on the digital
baseband signal (modulating signal), Frequency Shift Keying
(FSK) for modulating the frequency of the carrier-wave signal
based on the modulating signal, Phase Shift Keying (PSK) for
modulating the phase of the carrier-wave signal based on the
modulating signal, and Quadrature Amplitude Moduration (QAM)
for modulating the amplitude and phase of the carrier-wave
signal based on the modulating signal.

There are such known methods for demodulating digital



20. for nodul ating the anplitude and phase of the carrier-wave

si gnal based on the nodul ating signal. There are such known

net hods for denodul ating digital signal s nodul ated by the
above nethods as the synchronous detection, the delay detection, and

t he frequency detection. Anong t hese net hods, the synchronous
detection nmay gain the best receiving performance since the nethod
reproduces the 5 carr|er wave fromthe received signal to denodul ate

t he noduf&g8d1s gredulated by the pRoVEe RGHePdSNAS: HbBEeciYRFRrPREUS
met hod of reproducing - the carrier wave is the nost inportant factor

i'n maki ng deteatdonat dthesidgialy detvect itn pezhidr thec € réememtsy cetéetion.
abittity 10 of reproducing the carrier wave. There are such

met hods of repaREugl RheS MEFhIEY,EStRE: synchrok b@s%@cmeéﬁoﬁayn q&mhthe
t he frequency of the received S|gnal Is multiplied;, the reverse

modul at i on ”Etﬂﬁgﬂ'}éﬁgfqhn%ng F@Sgﬂgﬂhgt 5&%?“ é‘ﬂé%ﬂéﬁ“i@ggdaﬁces the

f eedback; and the re- ation netho € reverse no t1on

et hod ang '€ carrier wave from the received signal to demodulate the

modulated signal.

In the synchronous detection, the methdd'of reproducing
the carrier wave is ﬁhe most important factor in making
demodulated signal since the performance depends on the ability

10 of reproducing the carrier wave.

There are such methods of reproducing carrier waves as:
the Costas method in which the frequency of the received signal
is multiplied; the reverse modulation method in which
demodulated results are .returned as feedback; and the re-

15 modulation method. The reverse modulation method and re-
modulation method more have been put into practical use in
non-fading line .such as in satelite communications since these
methods are able to reproduce the carrier wave even with low
reception level compared to the Costas method.

20 It is well known in digital modulation methods that the
reception performance, when applied to mobile communications

"and the like, deteriorates seriously due to the fading, a

phenomenon in which reception level (RSSI: Received Signal



modul ati on met hod nore have been put into practical use in non- f adi ng
line such as in satelite communications since these met hods are able
to reproduce the carrier wave even with | ow reception | evel conpared
to the .Costas nmethod. 20 It is well known in digital nodul ation
met hods that the reception performance, when applied to nobile

conmuni cati ons and the |like, deteriorates seriously due to the

fading, a phenonmenon in which reception |evel (RSSI: Receiv%d Si gnal

2 stresgibngdmdigadiardt orighangfigeser ks bs| Yhehneat S‘Flté‘v%t ey
by reflected or scattered electric waves. branch The
diversity recepéfbacted ol skaiteredakilegtafic wavesr.edaianaly |ines are used
for.reception, has been put-into 5 practice as an effective nethod to
conpensate for the reggpti @iiversityl exetepeiénj orfi ovhitetused Iplurdeelity of
fading. It is therefore possible to inprove the perfornmance under

fading by conbjgiRgving lltfﬁ@s dibyer Sided I e68Pticiephildh | NBasy BEHIONBUE into

-det ecti on. I s considered that conventional diversity

?8paratus§s 18rac£§8£°9¥C§hQéffééHiG@?%%&h%art8388m£8ﬁ§£¥érﬁb£ifﬁbifbé%ﬁ%ﬁon |
level deterioration caused by the fading. It is therefore
possible to improve the performance under fading by combining
the diversity reception with the synchronous detection.

It is considered that conventional diversity apparatuses

10 reproduce carrier waves for each receiving line'in order to
perform the diversity after the synchronous detection.

However, with such a construction diversity is performed
after synchronous detection is performed for each receiving
line, and the carrier wave reproduction cannot make the most

15 of the improvement abhiéved with the diversity. That is,
though the conventional construction of diversity apparatus has
improved the reception sensitivity cqmpared to an apparatus
using only the synchronous detection, it still shows
deteriorated reception performance when deterioration in~

20 Carrier/Noise (C/N) ratio of the received signal causes the
deterioration in the carrier wave reproduction ability.
Therefore, the carrier wave reproduction ability should be

improved, especially for a case where a great number of

3



pertormthe diversity after the synchronous detection.

However, with such a construction diversity is perforned after
synchronous detection is performed for each receiving line, and the
carrier wave reproduction cannot nmake the nost 15 of the inprovenent
achieved with the diversity. That is, t hough the conventi onal
construction of diversity apparatus has | nproved the reception

sensitivity conpared to an apparatus . using only the synchronou
detection, it r§Geividbneines akg o GRRAENRE ¢ eceﬁﬂ?%n“k?é:r? o&%hencé“ﬁﬂ%?f‘ of
deterioration in 20 Carrier/Noise (C/N) ratio of the received signa
causes the  combdeptibosatinodivensidywarsi cthenspPasptsduési epeasiiad yinder

Therefore, the carrier wave reproduction ability should be I mproved,
especially folorseaTyNIeItE . great nunber of '

3. : receiving lines are conbined. The nore the nunber
of conbi nati onspy N hYGESLEYHISm Hies ARREEALYS diF ORAIPE eoURgply the
worse C/N ratio. The above problemhas made it difficult to
apply th% synchronous detection to mobile communications and the like

since the synchronous detection requires a stable reproduction

of the carrier wave.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
10 | provide a diversity apparatus with improved carrier wave
reproduction ability.

A diversity appafatus for achieving the above object
includes: a plurality of sypchronous detecting means, each of
which detects reception data from a reception signal based on

15 a standard carrier wave reproduced from the reception signal;
a combining means for combining a plurality pieces of reception
data; and a demodulating means for obtaining demodulation data
.from a piece of combined reception data which is output from
the combining means, wherein each of the plurality of

20 synchronous detecting means reproduces the standard carrier
‘wave from the reception signal by referring to the demodulation

data.
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5 sy.nchronous detection to nobile conmunications and the |ike si nce

the synchronous detection requires a stable reproduction of the
carrier wave. SUVMMARY OF THE | NVENTI ON It is therefore
an object of the present invention to 10 provi de a diversity apparatus
Wi th inproved carrier wave reproduction ability. A
diversity apparatus for achieving the above object I ncl udes: a
plurality of synchronous detecting neans, each of whi ch detects

reception data froma reception signal based on 15 a standard carrier

wave reproduced from {,he, racept | l.gnal ; | Qi (o) .

conmbining a plurali tyhg?%cglglsgféoﬁ%c@p‘)%lgﬁn' stabégt éﬁ’?gin%} %%&'%}:gé%zfa 4‘1@: ion

means for obtainin enmodul ati on data . froma piece of c i ned )

reception datal§hpgﬁg?§m%%t%ﬁ?c?rg%WOdUlat}%% g%ﬁﬁiaPF@lﬂ%gnégggﬁeSéWﬁr§&$ﬂ

of -the plurality of 20 synchronous detecting neans reproduces the

standard carrieépmbinatigrEremorecertierePrtanisi gnad b9 repspeirg séanelard
4

denodul ati on dat a.
carrier wave. Also, data is received in better condition since

5 the carrier wave can be reproduced even in a receiving line
with poor C/N ratio. This enables a better diversity
combination and increases the accuracy of data demodulation,
and enables an application of the present invention to mobile
communications thch are susceptible to the fading.

10 Another diversity apparatus for achieving the ab.ove
object includes: a plurality of synchronous detecting means,
each of which detects an I-component and a Q-component of
reception phase aata for each symbol from a reception signal
based_on a standard carrier wave reproduced from the reception

15 signal; a coﬁbining means for combining respectively a
plufality of I-components and a plurality of Q-components in
the reception phase data; and a demoaulating means for
obtaining digital symbol data respectively from a piece of
combined I-component and a piece of combined_Q—component,

20" wherein each of the plurality of synchronous detecting means
‘reproduces the standard carrier wave from the reception signal

by referring to the symbol data.




Wth this construction, stable carrier wave reproduction I's perforned
si nce_denodul ati on data obtained after diversity conbi nation from
reception data is used to reproduce standard carrier wave. Also, data
i.s received in better condition since 5 the carrier wave can be
reproduced even in a receiving line with poor C/ N ratio. Thi s
enables a better diversity conbi nation and increases the accuracy

of data denodul ati on,_, and_enapl es_an_appli cation t he present
“hventon o mobi |6 WiER tafb RERAPFORE Ry RO Sa0e Skl &8 GHAle Of the
fading. 10 Anot her- di versity apparatus for achjeving the above
obj ect i ncl udéPove ppRParRtsofisy ACRAEYEGs Het 8ctdiMprfng, aPparatygc whych
whi th detects an |-conmponent and a Q conponent of recepti on phase
data for each daisbotsf wdbha sgsebrpbousi ghetection keseptdiora siagnddsd whose
carrier wave reproduced fromthe reception 15 signal; a conbining neans
for conbi ni nphassiexs ibeey dagitallyphedallatedfwitic QEBKeaS tind hike.
plurality of Q conponents in the reception phase data; and a

denodul atg ng neans forn the ORIt Spghtatusymcrladia trePplirgdlity of
froma piece of conbi ned | -conponent and a pi ece of conbi ned

Comonent AchHRSs ! dRclceink I mabTI LY SRl DRSS L e
reproducing means for reproducing the standard carrier wave
from the reception signal by using phase data corresponding to
the symbol data dempdulated by the demodulating means; a phasé

10 detecting means for detecting-reception phase data from the
reception signal by obtaining a difference between the standard.
carrier.wave and the reception signal for each symbol; and a
converting means for converting the reception phase data into
I-component and Q-component.

15 In the diversity apparatus, the car;ier wave reproducing
means may include: a phase generating unit for generating the
phase data corresponding to the symbol data demodulated by the
demodulating means for each symbol; a subtracter for obtaining,
for each symbol, a difference between the reception phase data

20 and the phase data sent from the phase generating unit; a
fi;ter means for obtaining ‘error data by smoothing the
differences of a certain number of symbols; and a standard

carrier wave generating unit for generating the standard



by refierring to the synbol data. 5
Wth this construction, the sane effect as that of the above
apparatus is achieved in a diversity apparatus which detects with
synchronous detection reception signals whose - phase has been
digitally nodul ated with QPSK and the like. 5 In the diversity
appar atus, each of the pIuraIity of synchronous detecting neans may
include: a carrier.wav roductn& means for. reproducin

teP

standard carriCIThaED Wave PYordeRerabilst fonCargigt HAYS| g Piike st abY

corresponding to the synbol data denodul ated by the denodul ating
neans; a phaseconrecting celie repreters Yave geigeal ngapedepri bhephaserdgdgsa.
fromthe reception signal by obtaining a difference between the

st andard, carrilr theedawmdrsheyr epppredussi gl pherseeaganesathihy andt
a -. converting neans for converting the reception phase data into

| - conponent anshy)rlpaRert table which outpittd hghdliptedsd tdapped vt &Spohliéng
carrier wave reproducing means may i nclude: a phase generating unit

for generatingd hee symbol data demodulated by the demodulating means, the
symbol data being input as an address.

In the diversity apparatus, the phase generating unit
may include a modulation circuit which modulates the standard
carrier wave sent from the clock generating unit based on the

10 symbol data demodulated by the demodulating means.

In the diversity apparatus, the subtracter may delay the
reception phase data detected by the phase detecting means for
synchronization, and obtains the difference between the
reception phase data and the phase data sent from the phase

15 generating unit.



phase.data corresponding to the synbol data denodul ated by the

denodul ating nmeans for each synbol; a subtracter for obtaining, for
each synbol, a difference between the reception phase data 20 and the
phase data sent fromthe phase generating unit; a filter neans for
obtaining error data by snoothing the differences of a certain
nunber of synbols; and a standard carrier wave generating unit for
generating the standard

carrier wave by generating a carrier wave signal and by correcting

i ver ity apparalRE. BERGRIRISON dr el ?P&%ﬂﬁieas may i ncl ude a tabl e

whi ch out puts the phase data corresponding 5 _to the synbol data
denodul at ed by the deFdfulaifng REask, dﬂngram 1llashrating £heeisrpshpuetien
an address. In the diversity apparatus, the phase generating

uni t mayo £ ndlhed ed avenosiut ut appacratosi il emdodanestt b dhenderelsent
carrier wave sent fromthe clock generating unit based on the 10 synbol
dat a denodul at eAvextibe.denodul ati ng neans. In the diversity
apparatus, the subtracter may del ay the
5 Fig.2 is a block diagram illustrating the detailed
circuit construction of the carrier recover unit in the'
embodiment.
Fig.3A is a time chart showing the operation timing of
the carrier recover unit in the embodiment.
- 10 Fig.3B shows correspondence between phase angles in IQ-
coordinates and demodulation data in the embodiment.
Fig.3C shows correspondence between phase angles and
demodulation data in the embodiment.
Fig.4 shows diversity combinations in IQ-coordinates in
15 the embodiment.

Fig.5 is a block diagram illustrating another

construction of the carrier recover unit in the embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 <Construction of Diversity Apparatus>
Fig.l is a block diagram illustrating the construction

of the diversity apparatus in the embodiment of the present



recéption phase data detected by the phase detecting neans for
synchroni zati on, and obtains the difference between the reception
phase data and the phase data sent fromthe phase 15 generating unit,

7 BRI EF DESCRI PTI ON OF THE DRAW NGS , Fig.1is
a block diagramillustrating the construction of the diversity
apparatus in the enbodi nent of the present I nventi on.
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invention. As shown in the drawing, the present diversity
apparétus ihélﬁdes input terminals 1-4, phase detecting units
5-8, carrier recover units 9-12, detecting units 13-16, input
terminals 17-20, I¥component generating units 21-24, Q-
component generating units 25-28, adding unit 29, adding unit
30, clock recover unit 31, and judging unit 32. With this
construction, the diversity apparatus allows the four receiving

lines to perform simultaneously synchronous detection on a

reception signal which is phase-modulated by Quadrature Phase

Shift Keying'(QPSK) and the like.

Input terminals 1-4, in Fig.l, each are a terminal for
receiving a signal.

Phase detecting units 5-8 detect reception phase data
from the receptioh signal input through corresponding one of
input terminals 1-4.° This reception phase data is represented
by a digital numeric value for a phase angle. Forlexample, the
reception phase data is represented by values 0-63 in decimal
notation when the phase angle (-1 to mrad) is divided into 64
stages.

Carrier recover units 9-12 reproduce the carrier wave
component, which is included in the reception phase data, by
ﬁsihg demodulation data from judging unit 32. The carrier wave

component reproduced by the units is not analogue carrier wave

9




5 Fig.2 is a block diagramillustrating the detailed circuit
construction of the carrier recover unit in the enbodi nent .

Fig.3Ais a tine chart showing the operation timng of the carrier
recover unit in the enbodiment. 10 Fi g. 3B shows correspondence
bet ween phase angles in I Q coordi nates and denodul ation data in the
enbodi nent . Fi g. 3C shows correspondence between phase angl es

and denodul atj on_dat a_i i t, 43 s i 0 :
di versity corrtﬁ’r%’??ioh;b’ilﬁ 1o gsgggfsre?g’?%g W 3 digital en%%%fér:rienf.ép%%ﬁtlng
Fig.5 is a bhlock diagram illustrating. another .consfructi,on_of
the carrier rde¥dhass ©F FheCamiRl mave as the regephioh PRece JRE2 1S
PREFERRED EMBODI MENTS 20 <Construction of Diversity Apparatus> )
Fig.1is a block di agPekectingt baditsg k3l ©oReteaEt Phase datgy (pppeinafter
di.versity apparatus in the enbodinent of the present

referred to as detection phase data) from the reception phase

5 data and the reproduced carrier wave. More specificélly,
detecting units 13-16 detect the detection phase data by
subtracting the reproduced carrier wave (phase of the carrier
wave) from the reception phase data.

Input terminals 17-20 receive data representing the

10 square of thé received electric field strength sent from a
circuit (not shown ih the drawing) for detecting the level of
the received electric wave.

I (Inphase) -component generating units 21-24 generate a
result of multiplication of the sine of the detection phase

15 data and the square of the electric field strength, namely, I-
component of detection phase data weighted with the electric
-field strength. More specifically, by using a ROM prestoring
a plurality of results of the above multiplication, weighted
I—componént is generated when the detection phase data and data

20 representing the square of the strength of the electric field
are input as addresses.
Q(Quadrature)-component generating units 25-28 generate

a result of multiplication of the cosine of the detection phase

10




invention. As shown in the drawi ng, the present diversity appar at us
tncludes input termnals 1-4, phase detecting units 5-8, carrier
recover units 9-12, detecting units 13-16, input termnals 17-20,

| -component generating units 21-24, Q 5 conponent generating units
25-28; adding unit 29, adding unit 30, clock recover unit 31, and
judging unit 32. Wth this construction, the diversity apparatus

|l he f i Vi [ k WG
et octi on o dats S g3 sauare pRoEnbloREELRTE ELEML SEFRUEOR, SHREELFOU-
dr at Ph 10 Shift Keyin SK the |ike. . | {
?é?n‘ir ﬁa?];el- 4?§§WP@P%‘?E,°|€a€ﬁt§¥tggn‘g %4%?‘{%% "?el‘lghg?%c‘gf‘wlnéhg sellgenéz}P. ¢

Phase detecting units 5-8 detect reception phase data fromthe

reception si gnaleldmirengtdugh Mare apretf hga bhe, obY ¥5ing; goROM ALATLALEINT
1-4.  This reception phase data i's represented by a digital nuneric
val ue for a phasplangletyFof eesmilts, dfhethe abovecmpltidpnlphatdoat #¥¢ikghted
represented by values 0-63 in decimal ~not ati on when the phase angle

(-[err] to [erglédPoricntdii dederatedbdhen thes#epestiorOphase dataCandidata
recover units 9-12 reproduce the carrier wave conmponent, which is

included in t 190y RiasSsdldAe HY the stHEhBEnderLdukaldI@Taia £1oDd
j udgi ng unit g&geﬁ e cﬂe#{rq er vvavcﬁeiig con%o%ent raeproduced by the units

I's not analogqgrg rﬁﬁ&% ggvgddresses. ' 9

Adding unit 29 obtains a combined I-component by adding

up the I-components generated by I-component generating units
10 21-24.

Adding unit 30 obtains a combined Q-component by adding
up the Q-components generated by Q-component generating units
25-28.

Clock recover unit 31 generates a clock signal

15 (hereinafter referred to as reproduction clock) which
synchronizes with one symbol period, based on the combined I-
and QO-components. For example, this is achieved by Phase
Lockéd Loop (PLL) circuit.

Judging unit 32 make a judgement on binary symbol data

20 (hereinafter referred to as demodulation data) for each symbol
period by using the reproduction clock, based on the combined
I- and Q-componenps;

<Detailed Construction of Carrier Recover Unit>

11



signal, but is represented by a digital nunmeral representing t he
phase of the carrier wave as the reception phase data is.

Detecting units 13-16 detect phase data (hereinafter referred to as
detection phase data) fromthe reception phase 5 data and the reproduced
carrier wave. More specifically, detecting units 13-16 detect the
det ecti on phase data by subtracting the reproduced carrier wave

(phase of the carrier . Wavg% Q ] g h tail
[ hpat ter i nal o 17 20 Fdd vESod oP BikedBATAR, na1u5 288408, Mg qgppilea
received electric field strength sent froma circuit (qgt sho
the drawi ng) f6drdatidct FRGSERECLPR @f carrierhereeR¥eledMdieceric %aq@:ler
| (t nphase) - conponent generating units 21-24 generate a result of
mul tiplicati onrecoves simidsofl a1 detwecttihen gewes congFructd@ine and t he
square of the electric field strength, nanely, |- conmponent of’
detecti on phase data e ghoetl Whtthé hdratiesy,ricarrier récever suning® hintbudes
specifically, by using a ROM prestoring a plurality of results of the
above nul si pl i gAbisandatli gBhedating circuit 41, delay circuit 42, subtracter
43, filter circuit 44, clock phase generating circuit 45, and
adder 46. Carrier recover unit 9-reproduces a carrier wave
using the demodulation data, that is, obtains a digital value
representing the phase of the carrier wave. This construction
10 is described below with reference to Figs. 3A, 3B, and 3C.
Phase data generating circuit 41 receives the
demodulation data output from judging unit 32, and generates
modulation phase corresponding to the demodulation data. Here,
the demodulation data for one symbol is two bits in case of
15 QPSK. Therefore, it is supposed as shown in Fig.3B, that two-
bit demodulation data "00," "01," "10," and "11" are mapped as
phase angles "m/4," ".n/4," "3n/4," and "-3n/4." Also, it is
supposed, as shown in Fig.3C, that phase angles -m to m are
represented by digital values 0 to 63 in decimal notation. 1In
20 this case, phase data generating circuit 41 outputs phase data
corresponding to the demodulation data. That is, as shown in

Fig.3A, phase data generating circuit 41 outputs phase data

"40," "24," "56," and "8" respectively corresponding to

12




I-cohponent I s generated when the detection phase data and data 20

representing the square of the strength of the electric field are

i nput as addresses. Q Quadrat ure) - conponent generating units
25-28 generate a result of nultlpllcatlon of the cosine of the

det ecti on phase 10 dat a
and the square of the electric field strength, nanely, Q conponent

of detection phase data wei ted.Mnthlqhe qu'tr c field strength.

Nbr e speC|f|ca¢P?°dﬁia &Ry tﬁcwqﬁest 10," angd| Gtdri'ty of results

of the above multiplication," hted 5 C}conponent i's generated when

the detection phase d@e&a3n91uauat 42, forpexamplé pine eyprises othe latch
strength of the electric field are input as addresses.

Addi ng unit 29chbtaibsfar caebaning | oxenpatiesl hyrbold] delays repephbion phase
| -conponents generated by |-conponent generating units 10  21-24.

Adding unit 30dakbaits syrfciiiniete GkeMensah 1B iaddidita w1thlﬁhéh2eceptlon

Q conmponents generated by Q conmponent generating units 25-28
5 phase data output from phase detecting unit 5 with the same
symbol timing. As shown in Fig.3A, the values for the

demodulation data and the reception phase data do not match

perfectly since a slight difference is généfated between fhe

cloék'output frdm clock phase generating circuit 45 and the
10 carrier wave component of the received signal.

Subtracter 43 obtains a difference between the phase
data output from phase data generating circuit 41 and the
reception phase data output from delay circuit 42. This
difference equals to the-above difference between the clock

15 output from clock phase generating circuit 45 and the carrier
wave component of the received signal. The difference is
obtained based on the final, reliable demodulation data by
diversity. This indicates the accuracy has been improved..

Filter circuit 44 obtains error data by smoothing the

20 phase difference data, that is, by obtaining the average of
three symbols of phase difference data output from subtracter
43.

Clock phase generating circuit 45 internally generates

13




Cl ock recover unit 31 generates a clock signal 15 (hereinafter referred
to as reproduction clock) which synchroni zes with one synbol
period, based on the conbined |- and Q conponents. For exanpl e,
this is achieved by Phase Locked Loop (PLL) circuit.

Judgi ng unit 32 nmake a judgenent on binary synbol data 20 (hereinafter
referred to as denodul ati on data) for each synbol period by using the

oo 2 o 3388, DRESQTG S, trectier} a8 BRIRBT W carrier
11 - Firg.2 is a bl ock diagran1i||ustreuiggkthe

det ai | ed WAV FAMRAMETY (RF | BhE oFeCRi Ve@r SLERBYer a7 PUFPUt A (figital
recover units 10-12 have the sane construction. As shown in

t he drawi ng, caalver reperesentinot 1¢si pbesges MoFe speaidifzallyeneleacknghase
circui-t 41, delay circuit 42, subtracter 43, filter circuit 44, '
cl ock phase germrstiaipimg relnrduids, 4Bndeing a Bllleci4GuitCatrich retwores the
unit 9 reproduces a carrier wave :

5 phase of the carrier wave output from adder 46 as a feedback,
outputs, for example as shown in Fig.3A, a digital wvalue
corresponding to digital value "0" as a standard value (phase
data of the carrier wave) representing "-n" when phase angle
"-n" of the clock signal is the standard.

10 Adder 46 adds the smoothed phase difference data to the
output from clock phase generating circuit 45. This allows the
phase daté of the carrier ane output from clock phase
generating circuit 45 to be corrected by the phase difference
data (error data) smoothed by filter circuit 44. This enables

15 .high—acéuracy reprodpction of carrier wave phases.
<Operation>

The operation of_the diversity apparatus of the present
embodiment with the above construction is described below.
Fig.4 shows IQ-plane representing the combination

20 process of the I- and Q-components independently obtained in

a plurality of receiving lines. Note that this drawing shows

only two receiving lines including detecting units 13 and 14

for the sake of convenience.

14
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usiﬁg t he denodul ation data, that is, obtains a digital value

representing the phase of the carrier wave. This construction 10 s
described below with reference to Figs. 3A, 3B, and 3C Phase
data generating circuit 41 receives the denodul ati on data

out put fromjudging unit 32, and generates nodul ati on phase
corresponding to the denodul ati on data. Here, t he denodul ati on data

for one synbol is t\rfl\ogé)géé%{(g&%c a%%daea‘r’ o1 (QD%( g2 Theref arie l'yt deﬁ:ected by

supposed as shown i It denodu atlon data "00,"
01," "10," and "11" are mapped phase angles, "[etr]/4."
-[err]/4," " HekeFring aRdts. 3}%r|a]n)d4 14 xepgesen Q:l only! the I}%b%%%d‘)f the

'shomn in Fig.3C, that phase angles -[err] to [err] are represent ed
by digital valreseived sBynal deGandequenitlivon detgction phase dade Sn

data generating circuit -41 outputs phase data corresponding to the
demodul ation d@d@. bdhabpireseateshaw points (vedtgr8A ophébe dafix circle on
generating circuit 41 outputs phase data "40," "24," "b6," and "
8" respegtivelye fgLﬁggﬁgndlng to 12
denodul ati on data " " " "10," and "11." Delay circuit

42, for exanpl e being;mogaLl sed rof éhdfﬂ§%E which indicate respectively
detection phase data ©1 and 62 reflected. on I-axis, are
represented by Formulae (1.1), (1.2); images S1Q and S52Q, which
also indicate respectively detection phase data 61 and 62

10 reflected on Q-axis, are represented by Formulae (2.1), (2.2).
Formula (1.1)
S1I = cosf1
Formula (1.2)
S2I = cos62
15 Formula (2.1)
S1Q = sin61
Férmula (2.2)
S2Q = sinB2
The following formulae represent weighting the above
20 vector components with the square of reception data levels Rl
and R2.
Formula (3.1)'

S1I' = Ri2*S1I
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circhit for del aying one synbol period, delays reception phase dat a
t:o0 synchroni ze the denodul ation data with the reception 5 phase data

- output from phase detecting unit 5 with the sane synbol tim ng. As
shown in Fig.3A, the values for the denodul ati on data and the
recepti on phase data do not match perfectly since a slight difference
i's generated between the cl ock output fromcl ock phase generating
circuit 45 and_the .10 rrier wave conponent of the received signal.
Subtracter 43 HBFERHE 53d§?ference bet ween the phase data output from
phase data generating circuit 41 and the recepti on phase data out put

fromdelay circuit 4252I"Tri B?*S2I djfference equals to the above
di fference between the clock 15 out put from cl ock phase generating

circuit 45 andFoimutar(dei) wave conponent of the received signal
The.difference is obt ai ned based on the final, reliable denodul ation
data by di versi syQ' Thi pyangdigates the accuracy has been inproved.
Filter circuit 44 obtains error data by snoothing the 20 phase
difference datperhah ig,2py obtaining the average of three synbol s
of phase difference data output from subtracter 43.

Cl ock phase generati ngzﬁi. r_gu'k;z =é1§2bnt ernal ly generates

13 -

Here, weighting components (I,Q) are obtained uniquely
from detection phase data © and reception level data R by the
following formulae.

10 Formula (5.1)

I = R?2*C0SO
Formula (5.2)

Q = R**%SINO

The results of the above Formulae are respectively

15 generated by I-component geﬁerating unit and Q-component
generating unit. I-component generating unit and Q-component
generating unit are achieved by memories such as ROMs which
prestore calculation results of (I,Q) corresponding to
addresses, the addresses being the detection phase data and

20 reception level data. On receiving these addresses, I-
component generating unit and Q-component generating unit
output stored data.

The weighted I-component and Q-component are
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a cl ock signal having the same frequency as that of the carrier wave

conponent of the received signal, and outputs a digital val ue
representing its phase. Mre specifically, clock phase generati ng
circuit 45, being a PLL circuit which returns the 5 phase of the carrier
wave eoutput from adder 46 as a feedback, out puts, for exanple as
shown in Fig.3A a digital value corresponding to digital val ue "0"
as a standard e rd er segti
T Lerr] - hen THRECEROPLY aadea. U8, Ppahnely” LG, HT)aBEPEETRY' HRE. 30.

- standard. 10 Adder_ 46 adds t he snmoot hed phase difference data to
t he out pite f FEMPARGEk bTERIBPRReRE afPRy Q:|<F%‘Ehg?n@}3 Pries He ofld veRSity

phase data of the carrier wave output: fron1c|ock phase generati ng
circuit 45 to demkbnirgt esidyalse pinde ajﬂeffmeaqmented dat a ther r §pldawing
smoothed by filter circuit 44. This enables 15 hi gh- accur acy

reproducti on (formmuXaer wave phases. <Qper ati on> The
operation of the diversity apparatus of the present enbodi ment with
t he aboves constgamii®&n(6s1yescri bed bel ow. Fig.4 shows

| @ pl ane representing the conbination 20 process of the I- and

Q conponent s independpné&Mpggéﬁ£ngdsif, + S21°"
Formula (6.2)
Q-component = S1Q' + S2Q°
Though the above Formulae show components of only two
10 receiving lines, components of all the receiving lines (four
components in Fig.l) are added up in reality;

Clock generating unit 31 extracts a clock component
which is included in the diversity combining signal, that is,
extracts a reproduction clock which synchronizes with the

15 symbol period. Judging unit 32 judges the digital symbol data
corresponding to the diversity combining signal. The judgement
result is output, as demodulation data, to a latter-stage
circuit (outside the drawing) of the diversity apparatus and
is provided for carrier recover units 9-12.

20 Carrier recover units 9-12, as has been described
.earlier, reproduce carrier waves based on the demodulation
data by the diversity combination signal, namely, the

demodulation data reflecting the improvement by the diversity.
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a pfurality of'receiving lines. Note that this draw ng shows only two

receiving lines including detecting units 13 and 14 for the sake of
conveni ence. 14

Det ecti on phase data 01 and 02 respectively detected by - detecting
units 13 and 14 represent only the phase of the recei ved signal .
Consequent |y, detection phase data 01 and 02 may be represented as
poi nts (vector on, th unit..circle o 5 the I Q pl ane.

i mges SiI andigéﬁ lﬁh e Critrecaes F@gﬁgﬁFively det ecti on phase data

01 and 02 reflected on I-axis, are represented by Fornulae (1.1),
(1.2): images S1Q andIB2thehicarrier rganyemdivdte ﬁé@ﬂéct%ﬂel@1@e¥ec¢Whﬁﬂ
phase.data 01 and 02 10 reflected on Qaxis, are represented by Fornmnul ae
(2.1), (2.2). receiviagmudem¢dulation data (diGitai comiliol dataFofoul seach
(1.-2) S21 = cos02
symbol), phase data generating circuit 41 generates phase data
5 (data of the first and second rows in Fig.3A) corresponding to
the demodﬁlation data. The carrier recover unit obtains a
difference (data in the, fourth row of Fig.3A) between the
generated phase data and the reception phase data (data in the
third row of Fig.3A) in the same symbol period delayed by delay
10 circuit 42. The difference of three symbols is smoothed by
filter circuit 44 and is output as error data (data in the
fifth row of Fig.33).
Clock phase generating circuit 45 generates carrier wave
phase data which has not been corrected. This carrier wave
15 phase data is output to detecting unit 13 as a standard carrier
wave (data in the sixth row of.Fig.3A) after being_corrected
based on the error data by adder 46.
In this way, the standara carrier wave is corrected
based on the error daté obtained from the demodulation data.
20 This provides accurate reproductions.
Another circuit construction of carrier recover units

9-12 are shown in Fig.5. The carrier recover unit in the

drawing includes phase demodulating circuit 51 instead of phase

18




15 ° Formul a (2.1) S1Q = sinOl Formul a (2.2)

S2Q = sin02
above 20
and R2.

15

Fornula (4.1)

The followi ng fornul ae represent weighting the "

vect or conponents with the square of reception data |evels Rl

Formula (3.1) S1lI' = Rerr]2*Sl1
For mul a (3.2) S21' = R err]*S2l
S1Q = Rerr]*S1Q 5 Formula (4.2)

S2Q Rlerr]*$2Q ht i .
obtai ned uni qu%ﬁ"ya generfartdrﬂgde?éEFPbﬁﬁéﬁa S {ggngloa %?%Cepﬁ%%r Iefeovle owing

data R by the

10

15

- 20

fol I owi ng fornul ae. .
description is of the construction not yet described.

Phase demodulating circuit 51 re-modulates the standard
carrier wave based on tﬁe demodulation data when it reéceives
reproduced standard carrier wave and demodulation data (as data
to be modulated). An adder may be used as phase demodulating
circuit 51 since the re-modulation result may be obtained by
adding phase being equal ‘to the demodulation data to the
carrier wave signal.

In this embodiment, the diversity apparatus has four
receiving lines. However, any humber of receiving lines may
be used. In such a case, adders 29 and.30 add up the same
number of inputs as that.of the receiving lines.

In this embodiment, the reception signal is modulated
with OPSK modulation. However, another modulation method may
be used as far as it performs synchronous detection of
receiving lines.

In this embodiment, 64 levels of phase data
corresponding to the phase angles are used as shown in Fig.3C.
However, other numbers of levels may be used as well. Also,
a different kind of relationship between the phase angles and
the phase data may be adopted.

It is apparent from the above description that the

19
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10 *~ Fornula (5.1) | = Rlerr]*C0s0 Formul a (5. 2)
Q="Rerr]*SINO The results of the above Fornul ae are
respectively 15 generated by |-conmponent generating unit and
Q conponent generating unit. |-conmponent generating unit and
Q conponent generating unit are achieved by nenories such as ROV
whi ch prestore calculation results of (1,Q corresponding to

addr esses, thegagdyesscs peq e Aeact | A5 SALACAN 20vi dERCRRAAN

| evel dat a. ress ent generating
unit and Q conponent generatlng uni f out put stoyed datr communication
The wei ght ed TSPregpEbARt OFf HRFT1S (EAPSReRTEn er poo

16-- . . respectively added nanel y conbi ned, by adders 29 and

30. The ennbmadtentrsorspmiems a?&!fncgg:onplﬁneantr%‘éltheléu L& prspible to

combi ning signals, and are represented by the foll ow ng For mul ae.
apply synchronous detection to mobile communications and the

5 like which have been difficult to apply.

INDUSTRIAL USE POSSIBILITY
It is apparent from the above description that the
diversity apparatus of the present invention is useful as a
diversity apparatus since this apﬁaratus, including a plurality
10 of receiving lines for performing synchronous detection on
reception signals, reproduces carrier waves for synchronous
detection for each réceiving line. This diversity apparatus
is specifically suitable for an environment in which receiving

lines have a poor C/N ratio affected by fading and the like.
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5 Eornula
(6.2)

(6.1) | -conponent = S11' + S21° Formul a
Q conponent = S1Q@ + S2Q . Though t he above

a1 ehe recervimg 1 nes (oo " ITRMMATETNRIAL. 5 o Samea o o

reality.

Cl ock generatimg dénit 31 ektrtacts a cl ock conponent

which is included in the diversity conbining signal, that is,

extracts ar

eproduction clock which synchronizes with the 15 synbol

period. Judging wunit 32 judges the digital synmbol data correspondi ng
to the diversi ol ningsi . The judgenent result is output, as
denodul ati on d§¥g? g% %l%gfggggg%hge circuit (outside the draw ng) of

the'divergit
9-12. 20

y @ppa atys and ed for carrier recover units

i s .provid
M95sﬁ%¥xﬁﬁﬁa{ﬁ##§ CYROLSING: has been descri bed

earl.ier, reproduce carrier waves based on the denodul ation

the diverdit
reflecting t
17 3

4

5

10
11

12

dataﬂ§¥
y  conbi RatPbRrakifralct supghyonoufe detectifgpBBRAEy orfafR a0

he i nprovenent by the diversity. ,
which detects reception data from a reception signal based on

a standard carrier wave reproduced from the reception.signal;
a combining means-for combining a plurality pieces of
reception data; and
a demodulating means for obtaining demodulation data
from a piece of combined reception data which is output from
the combining means, wherein
each of the plurality of synchronous detecting means
reproduces the standard carrier wave from the reception signal

by referring to the demodulation data.

2. A diversity apparatué comprising:

a plurality of synchronous detecting means, each of
which detects an I-component and a Q-component of reception
phase data for each symbol from a reception signal based on a
standard carrier wave reproduced from the reception signal;

a combining means for combining respectively a plurality
of I-components and a plurality of Q-components in the

reception phase data; and

21




Thi s is described as fol | ows. Fa—t-he-carrier recover unit :
shown in Fig.2, when recei vi nE -denodul at |ﬂn data (digital synmbol data

for each synbol ), phase d El“jlmg“! rcuit 41 generates phase
data 5 (data of the first a Fig.3A) corresponding to
t he denodul ati on dat a. The carrief recover unit obtains a

difference (data in the fourth row of Fig.3A) betvveen t he generat ed

phase data and the receptio phase data ( a d
Fig.3A) i*h the sane rﬁfﬁ?\ JS‘& dtg%f n:erg d%gnrl%"%i Sif@yogT gta

di fference of three synbols IS srmothed ﬁy filter CII‘CUIt 44 and _i.s
out put a¥ err GespRckivgdia frem gepiece g fqarkigied I FrgrRejent and a piece

G ock phase generating circuit 45 generates carrier wave phase data
whi ch hasl not dieerommimrest t@dzompdnent cawhéreinave 15 phase data is
output to detecting unit 13 as a standard carrier wave (data in the
sixth row of Fig.3A) addlerobeiche lurxliddy of sybhahednomst hetrcbindameans
adder 46. In this way, the standard carrier wave is corrected
based on 4 he e/dodiied ehkaknaddhtamchbei 8eniaviét afiom €ifé arec@Ptiohhisignal
provides accurate reproductions. Anot her circuit construction
of carri ifhg t tI? 1%,1@551335)% in Fig.5. The carrier
recover ﬁnlt [ fi{}ef’é}} g ° ©

1 3. The diversity apparatus of CLAIM 2, wherein

2 each of the plurality of synchronous detecting means

3 comprises:

4 a carrier wave reproducing means for reproducing the

5 standard carrier wave from the reception signal by using phase

6 data corresponding to the symbol data demodulated by the

7 demodulating means:;

8 a phase detecting means for detecting reception phase
9 data fl;om the reception signal by obtaining a difference
10 between the standard carrier wave and the reception signal for

11 each symbol; and

12 a converting means for converting the reception phase
13 data into I-component and Q-component.

1 4. The diirersity apparatus of CLAIM 3, wherein

2 the carrier wave reprbducing means comprises:

22




dramnng I ncl udes phase denDduLa%+ﬁg~e+rcurP—S&—fﬁstead of phase

18 data gener at own in Fig.?2. The
f ol | owi ng description is Bmm % Hi on not yet descri bed.
Phase denodul ating circuit 51 r tandard carrier wave

based.-on the denodul ati on data when it receives reproduced standard
carrier wave and denodul ati on data (as data to be nDduIated) An
adder may be used as phase denodul ati ng circuit 5 S|nc
re-nodul &ion result &m@h§§909€§ﬁﬁ681§9 unit fo%i9fp QKﬁ eﬁﬁﬁ? daga
t he denodul ation data to the carrier wave signa
thi s enbadi nertqriéspehdingit foapphait usynaslf otata demeé&#ﬂﬁﬁ& | |kh5és the
However, any number of receiving |ines may be used. In such a case,
adders 2% and Béhedisl apiidensan® for eachnbgmbol;inputs as that of the
receiving lines. In this enbodi nent, the reception signal is
nodul ateq; 15 with Qp%méabebtonforbemﬁmt heforodshelhi osynbbhed a
may be used as far as it perforns synchronous detection of
7 difference between the reception phase data and the phase data
8 sent from the phase generating unit;
9 a filter means for obtaining error data by smoothing the
10 differences of a certain number of symbols; and
11 a standard carrier wave generating unit for generating
12 the standard carrier wave by generating a carrier wave signal
13 and by correcting the carrier wave signal based on the error
14 data.
1 5. The diversity apparatus of CLAIM 4, wherein
2 the phase generating unit includes a table which outputs

3 the phase data corresponding to the symbol data demodulated by

4 the demodulating means, the symbol data being input as an
5 address.

1 6. The diversity apparatus of CLAIM 4, wherein

2 the phase generating unit includes a modulation circuit

3 which modulates the standard carrier wave sent from the clock

4 generating unit based on the symbol data demodulated by the

23




recei ving |ines. I'n—thi-s—enbodi-rent, 64 levels of phase

dat a corresponding to the used as shown in Fig.3C
20 'However, other nunbers of maﬂ um El E as well. Also, a
di fferent kind of relationship angl es and t he phase
data may be adopt ed. . IS apparent fromthe above description
that the diversity
apparatus of the present invention provides stable reproducti on of
carrier whves GRRIAMREINPIBEARSMUNI cat i on envi ronments such as
fading. As a result, it is possible to apply synchronous detection to
nobi | e conmuni cations and the 5 i ke mhich have been difficult to apply.
| NDUSTRI AL USE PCSSI BI LI TY i s apparent fromthe above
descriptibn that tTee leGrﬂlVEr%PP§r§§H§r9@u§16ﬂ3%Hb ARSI | nvention is
useful as a diversity apparatus since this apparatus, including a
pluralityz 10  of retiee vulg-tactes fdel e ﬂmemneg:mm ¢t tdekeched

3 by the phase detecting means for synchronization, and obtains -
4 the difference between the reception phase data and the phase

5 data sent from the phase generating unit.
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reception signals, reproduces carrier waves for' synchronous detection
for each receiving line. This diversity apparatus Is specifically
suitable for an environnment in which receiving | i nes have a poor C'N
ratio affected by fading and the like. -

20 : What is clainmed is: 1 1. A diversity apparatus
conprising: 2 a plurality of synchronous detecting neans, each of

3 which det e%gs,fﬁg@f)t&onmgﬁt&géf&&é§ception signal based on

The 'diversity apparatus of the present invention
includes: the detecting unit for detecting reception phase data
for each symbol from a reception signal based on a standard

5 .carrier wave reproduced from the réceptioh signal; the
combining unit for combining respectively a plurality of I-
components and a plurality of Q-components in the reception
phase data; aﬁd the demodulating unit for obtaining digital
symbol data respectively from a piece of combined I-component

10 "and a piece of combined Q-component. The detecting unit
reproduces the standard carrier wave from the reception signal
by referring to the symbol data. This construction provides
stable reproduction of carrier waves since the diversity
apparatus reproduces the standard carrier waves by using the

15 demodulation data which is:obtained from the reception data

after diversity combination.
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4 a standard carrier wave reproduced.fromthe reception signal; 5

a combi ning means for conbining a pliurality:pieces of 6 recepti on dat a;
and 7 a denodul ati ng means for obtaining denodul ati on data 8
froma piece of conbined reception data which is output from 9 t he
conbi ni ng neans, wherein 10 each of the plurality of synchronous
detecting neans 11 reproduces the standard carrier wave fromthe
reception signal 12 by referring to the denodul ati on dat a. 1 2. A
di versity apparat us conpggsing: 2 a plurality of synchronous
detecting neans, each of &3 which detects an |-conponent and a

Q conponent of reception 54 p e data for each synbol froma reception
signal based on a 5 stz@ndar d rrier wave reproduced fromthe reception
signal; 6 ac iin ans for conbining respectively a
plurality 7 of 1-cC gt and a plurality of Q conponents in the
8 receptioq phase . d ‘ - 21
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9 a denodul ating neans for obtaining digital synmbol data 10
respectively froma piece of conbined |I-conponent and a piece 11 of

conbi ned Q@ conponent, wherein 12 each of the plurality of
synchronous detecting nmeans 13 reproduces the standard carrier wave from
the reception signal 14 by referring to the synbol data. 1 3. The
diversity apparatus of CLAIM 2, wherein 2 each of the plurality
of synchronous detecting neans 3 conprises: 4 a carrier wave
reproduci ng neans for reproducing the 5 standard carrier wave fromthe
reception signal by using-phase 6 data corresponding to the synbol data
denodul ated by the 7 denodul ati ng neans; 8 a phase detecting
means for detecting reception phase 9 data fromthe reception signal by
obtaining a difference 10 bet ween the standard carrier wave and the
reception signal for 11 each synbol ; and 2 a converting neans
for converting the reception phase 13 datdl'into | -conmponent and

Q conponent . 1 4. The diversity apparatuys of CLAIM 3, wherein 2

the carrier wave reproduci ng means conpri ses:
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22 . 3 a phase generating unit for generating the phase
data 4 corresponding to the synbol data denobdulated by the 5
denodul ati ng nmeans for each synbol; 6 a subtracter for
obtaining, for each. synbol, a 7 di fference between the reception
phase-data and the phase data 8 sent fromthe phase generating unit; 9
a filter neans for obtaining error da | : |

of a certain nunber of synbols; and
generating unit for gensfating 12

a standard carrier
e <tlandard carrier wave by

generating a carrier wa 13 mg@ Loprect ng ¥he saLrierjwave
signal based on tKe ' da -EEP* g;/5.quheE'?divec?)sity appar gt us of
CLAEM 4, wherein t he agE<gsrierating unit includes a tfRble
whi ch outputs 3 NP1 data car oiding to-the-syrbel—d
denpdul at ed by at i nghjreans,;] t he synbol data being input as
an i [mm< kK _k_R__KR_ R
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5 ‘address. 1 6. The diversity apparatus of CLAIM 4, wherein 2

t he ‘phase generating unit includes a nodulation circuit 3 whi ch

nmodul ates the standard carrier wave sent fromthe clock 4 generati ng
unit based on the synbol data denodul ated by the

23 , 5 denodul ati ng neans. . 1 7. The diversity apparatus of
CLAIM 4, wherein 2 the subtracter delays the reception phase data
detected 3 by the phase detecting neans for synchronization, and obtains
4 the difference between the reception phase data and the.phase 5 dat a
sent fromthe phase generating unit.

Fig. 4
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