;e3eld@6v! T!'s DESCRIPTION TI TLE OF THE | NVENTI ON DI VERSI TY RECEI VI NG
APPARATUS T JUDGEMENT ERRORS DURI NG DECODI NG AND A CLOCK
GENERATI NG gmMMm DI VERSI TY Cl RCU T THAT PREVENTS JUDGEMENT ERROR
DURI NG DECCDI NG 10 Ihe present invention relates to a diversityurnie2@ddi ng
apparatus for use‘%y a radi o communi cation device and to a clock generating
circuit for use by a diversity recgg¥rRg paRafatus. 15 BACKGROUND ART
Digital radio comruni cati on devices conventionally transfer information by
nodul ating a carrier wave using a baseband signal that corresponds to the
information to be transmtted. 20 A variety of digital nodul ati on nethods

have beengﬁggg b qggglg$§Fﬁ%§cﬁ@rrier wave. Wth ASK (Anplitude Shift

Keyi ng), anplit e carrier wave signal changes according to the
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TECHNICAL FIELD

10 The present invention relates to a diversity
receiving apparatus for use by a radio communication
device and to a clock generating circuit for use by a

diversity receiving apparatus.

15 BACKGROUND ART
Digital radio communication devices
conventionally transfer information by modulating a
carrier wave using a baseband signal that corresponds to
the information to be transmitted.

20 A variety of digital modulation methods have been
used to modulate the carrier wave. With ASK (Amplitude
Shift Keying), the amplitude of the carrier wave signal
changes according to the baseband signal. With FSK
(Frequency Shift Keying), the frequency of the carrier

25 wave i1s changed. With PSK (Phase Shift Keying), the

phase of the carrier wave 1is changed. With QAM



10 characteristics can be seriously affected by fading, a nane given to
‘Wl d fluctuations in the reception level due to the reflection and
scattering of radio waves. Diversity reception nethods are effective in
conpensating for the decreases in reception |evel due to 15 fagling2003
Diversity reception nethods have the same signal received via a plurality

of rece|ot<1 N2 §¥§LEFR ?AH\?FPPHQHQG%CHJP&@%EV dhd estpYed HOBhE bRaRloduce

a hi gh-qua ty recept signal. Several diversity reception nethods are 20

avai | abl & A 58l eal'r'r%lcqv&ve' 8¢ JTBiMadh8akieels ¢ ehageeiv,ed signal with
t he hi ghest l[evel out of the signals received by each reception system and

denodul ates the #@A@f&eeohﬁ%ﬂdwléhga@kzlc% egak- §@idk CEEDE ARG et hod
conbi nes the reception signals of each reception 25 system at the sane

I evel an%rﬁ@mﬁabét%&h%&wh%@ B O0G! th8 R 1B 11 Abl 1GAPLAT Ng

met hod gives a 2 June 2003 weighting to the Teception signal of each

recepti omSyisb 5 H@s@ﬂ&%&' ?Bob% end@h Bkt ue t&@%béﬂv‘e@i\/glgﬁQEg' Nes

t he wei ghted reception signals denodul ates the result above

met hods, ghh é@fb?ﬁ'lnﬁatﬂk?e% baiite Mt hedeCaliviast sbANgh> A4 8ing _
assi gni ng hlgher wei ghtings to signals with higher reception Ievels Thi s

neans thalo J9Palas whidh doVeinkevelatf noise are assigned higher
wei ghtings, so that reception signals are effectively 10 conbined by this

met hod. The fol | iy dﬁ?ﬁtéﬁs@ddcml@m@h aedinted §i by el @eRIYI fgrappar at us
t hat uses the maxi mal -rati o conbi ning nethod. Fig. 8 shows the construction

of a di velcdile leomnRe@ii\dd0] dRpaiat Us thel 1 Uradwinhe HeaXi Falefatiion conbi ni ng
met hod. This diversity receiving apparatus is a reception device that

regei ves cianset 681 80 idat acali bl Reay ikaed yodifaieddishpofeBIkg , The
di versity receiving apparatus
name given to wild fluctuations in the reception level
due to the reflection and scattering of radio waves.
Diversity reception methods are effective in
compensating for the decreases in reception level due to
15 fading. Diversity reception methods have the same signal
received via a plurality of reception systems and combine
a plurality of received signals to produce a high-quality
reception signal.
Several diversity reception methods are
20 available. A selection combining method selects the
received signal with the highest level out of the signals
received by each reception system and demodulates the
selected reception signal. An equal-gain combining
method combines the reception signals of each reception

25 system at the same level and demodulates the resulting

signal. A maximal-ratio combining method gives a



20 decodes the transm ssion data by perform ng QPSK denodul ati on and by
‘conbi ning signals that are weighted according to their relative reception
| evel s. QPSK refers to a transm ssion nethod for two-bit (four-val ue)
information. First, two orthogonal carrier 25 waves are sepaffllghd/ 2003
subj ected to phase nodul ation according to a two-bit baseband signal. The

two 3 11 ,Jyne. 200 ul ated signals resulting framthe dul ation are

t hen add&@%ﬁhﬁ%?ﬁngéﬁgk%.r%??@éﬁ&ﬂ(ﬁ%%@%#cg%pﬁﬁ nE€ERE site
processing to the SK nnq}latigg and so ﬁb%ains tmo-b{t &fﬂur-v | ue)

i nf or mat PEF Y9F LRCRISPRIOHLOB g TPEFYE QTR UPYer§S ! reception
appar at us i ncl udes, phase .denpdyl ati ng ,units 329 332, |_conponent

317520, | SO enE ROME 181594, L& SP toboReAL 2 ddder= A3 50ER4G TrmpoRent
adder 32 alggqg'gg unit 327, and a clock generating unit 328. 10 The
phase defm0§ul®ty % units 329332 detect phase differences between the phase

o e Tecelved Feeaall on oLl A0 L1cc e lnd P LR Al el Bpred o
e 2 A e e o b ok b TR
detar) LB e SO 3D UNLL 928 L s LABML e mach 20t
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[ ' i Vi .4 11 2003 T
;e?gg{?iggﬁ%ﬁ#%%%§5%gﬁégggéﬁ#ﬂgogﬁgggaggsthe recept?gﬁ si gnal ?ngu?fgd Vi a
he i ' 3 i t.h. .ph . 1. 0G illat
1T ustrated) and: 86 pors dhb et Sotoq oracsbin. That 8tResDdon

phase coRSRENET TRRSPACHR 1O o1 AaT. o hole PRl Tha ChhCER AR "o

the recep Fggcﬁignal is not required by the phase detecting unit 305, a
linear anplifier is not required. 10 The phase del aying unit 309 del ays the

detect ed phase ot Ut kedufyiyLhenphass doteeting Wi (o 308, Bystihey (i e

equi val ent to one ol, and outputs the result as the del ayed phase. The

PHES Jothokide Sipdpkecs e phess IR e i stobitrdkot o
method.

This diversity receiving apparatus is a reception
device that receives transmission data which has been
modulated using QPSK. The diversity receiving apparatus

20 decodes the transmission data by performing QPSK
demodulation and by combining signals that are weighted
according to their relative reception levels.

QPSK refers to a transmission method for two-bit
(four-value) information. First, two orthogonal carrier

25 waves are separately subjected to phase modulation

according to a two-bit baseband signal. The two



The phase denodul ati ng units 330332 have the same construction as the phase
«denpdul ating unit 329 and so output the phase data 82 84. 20 The |

conponent ROVs 317 ~ 320 and the Q conponent ROVs 321 ~ 324 respectively
correspond to the phase denodul ating units 329332. Usi ng thej{cara 2008
coefficients Rk (k=1, 2, 3,4) and the phase data 6k (k=1,2,3,4), these ROV

out put the LLNnsphasge conponents 25 Rk2*c Kk = ; of the reception
signal s e{ﬁ%&?p'igtgﬁgdsrjaﬁ?gsc&ﬁ% E}QQRE%QSQ nérﬁ%(lwkégﬁl %1%3 Bt St ﬁia 11
June 2003_reception signals. that haye_both heen ighted using th

conbi ni ngP GOERT PECbr ST PRI L Hhetl: ¢ oF AERY oot 9 &F SHEs FRE LoEnS| §HS <
showi ng the signal |evels (RSSI: cei i_gnal, Strength | ndigcator) that
have beeno%%?ggftgd pogp%eﬁﬁéﬁgf rté’ql%ﬁ%yéggggfr&cﬁ‘blﬁﬁﬁm( ﬁ&dsi:f? ugg%&& in
each phasg denodul ating unit 329332. The.l caqnponen 317320 store

bef or ehantd"’?hgggnﬁﬁoq c%ﬁhlgﬁ s]irbﬁ%ﬁﬂgagﬁfpc S %ke?é}:l?%%)' for the 10

i n-phase conponents for_ ever ossi bl e .canmbi nation t he cowmbi ni ng
coefticients Rk ( —1?’8?@?4)1%r1ﬁlghagé & % %}(V?rﬁjffgj ie%e,pﬁljm_ Bot h the
conbi ni n fficients and_phase r.e j I The |
corrponen?a%/gaghf‘? %&%?5 A c‘gﬁgflgﬁa&&ﬂft‘gﬁ#g? ?%%E%%f ngti ons of
the 28 dif al o} t he i.fler a S 8k ichis
to say Zf‘é&%ﬁ?ﬁép ntR% c%i%?%@qre@u?ﬁpgb\ﬁ%% ?F{;Bebq%olrirgﬁni:é’?gll cdePficients
Rk and di al f e phase are, j npu d, t onent
ROV 317%€H%8¥pﬁ%cf%% ‘?/ Etﬁe% ? %&%@8?@% (??rdr‘%gp%?lgi’nga Eﬁlé%gg nputted
conbi nat i, Q. . | he h nt,R@VB; 321324 store beforehand
the i nput&%e%eggﬁbnazl?{gma%}l\%y&ﬁ% (ge%%&gﬁgﬂs tin 28!

10 The phase demodulating units 329~332 detect phase
differences between the phase of the received reception
signal and the phase of the immediately preceding symbol.

The phase demodulating units 328~332 output the results
as phase data 6k (where k=1,2,3,4). Here, the values

15 k=1,2,3,4 respectively correspond to the phase
demodulating units 329, 330, 331, and 332.

In detail, the phase demodulating unit 329
includes the input terminal 301, the phase detecting unit
305, the phase delaying unit 309, and the phase adding

20 unit 313. This composes a phase detection-type delay
detection device corresponding to the PSK (Phase Shift
Keying) modulation method.

The input terminal 301 is a terminal through
which a reception signal, which has been digitized by an

25 A/D converter or a limiter, is inputted into the present

diversity receiving apparatus.



(k=1,2,3,4) for the quadrature conponents for every 25 possi bl e conbination
‘of the conbi ning coefficients Rk (k=1,2,3,4) and phase data 6k(k=1, 2, 3, 4).
When the 6 11 June 2003 conbi ni ng coefficients Rk and different val ues of
the-_ phase data 8k are inputted, the Q conponent ROV 32132ﬂ1guﬁ@ggoghe
val ues of Rk2*sin6k corresponding to the inputted combination. 5 T

(k30253 4) of e C°§‘§Ls?§?¢%$‘§ﬁ§ﬁg s B Een RN Fod b Z%%EZS?“
Fecept  or®£i GREI ?%&%@3"“@%&1&} pggggpnggg CERE RBs ek hedy
have beer Qb Bahed By ThASE Chmbb i%%aio@sc%%%a 0%nd %p“BBti'?RZ' conbi ned
ﬂﬁ??rStzéri&@%@?%%ﬁboanée%t?ﬁg e e d R e dohBatent o and
adder 328t PPRE B e ﬁﬁﬁiﬁ PedhdaTii tﬁ’%tﬁﬁéaa&ieeaegwﬁf"”em
the st anddittrs bgcﬁe%ouc%@%‘ AUV P o8 R T U B85 " The T g ng.
uni t 327f%¢m%£§0 mt fouga MIﬂ%hgagﬁ E{Hd&guggﬂéhgg%yt#%ﬁtggnblned

i n- phase T0 nen 25 iha- ture conp Brents of recep irgnal s

out putted Jye Lbeck, SOANENL cadder A28, 20Ot BE Qule g odune A003; aTPonent

adder 32 05|t|v or- negative. uni or nB ese

judgenemﬁhig ?Mgchro|ﬁﬁ?%ﬁ?am%éqgfg%cigchoge@g £A8y the clock

gener at i ng uni a diversity retelving apparatus that

useg the convent 'ﬂﬁ‘gﬁ@éé”ﬁ'efaii@gfﬁﬂ?‘t”'% F@éf??gd‘%%%d§egékﬂefdr om a

reception signal re are cas conventi ona |ver5|ty recel vi ng
apparat u 0 ne,t e [ i ons
significzﬁ?iigdégngggﬁafJﬁYnggﬁeﬁ%%%%i %gﬁégé?hﬁ% uni t ggngangﬁch case,
the cl oc 8 ney, a C e t n Si nce
t he judg:%nlgﬁé]uﬁ%?u%ggl%gfe% a?%sogﬁ gﬁncﬁrlom ggtal gr‘i1 \g"hhéi E{lg ?%StLLm %s

judgi ng yd égﬂa}édwgwaégwforn1lts judgenments with a non-opti nal
j udgenent tim ng can result in the judging unit 327 maki ng erroneous

j udgenents. 20 DirfEl GRUREe OF dVRNTLAN: | 8191 e tadc Betlatath §& obl ens, it
is a first object of ‘the present Tnvention to provide a diversity receiving

appar at ugl 1Tk et OChclRIRI £t RE Elet@dtied Ophasel WIdI tie 68iayidty
apparatus that prevent deviation in 25 the synbol section extraction by a
cl ock gepgraaid Ngndnbhtd SO PLgvert thd ysighsg daitta fgom maki ng j udgenment 8
The phase demodulating units 330~332 have the
same construction as the phase demodulating unit 329 and
so output the phase data ©62~64.
20 The I component ROMs 317 ~ 320 and the Q
component ROMs 321 ~ 324 respectively correspond to the
phase demodulating units 329~332. Using the combining
coefficients Rk (k=1,2,3,4) and the phase data 6k
(k=1,2,3,4), these ROMs output the in-phase components
25 Rk’*cos 6k (k=1,2,3,4) of the reception signals and the

quadrature components Rk’*sin 6k (k=1,2,3,4) of the



11 June 2003 errors . ., The first object of the present invention can be
‘achi eved by a diversity receiving apparatus that separately weights
reception signals of a plurality of 5 reception systens using conbining
coefficients based on a respective anplitude conponent of eaghjiRC2ed3 on
signal, conbines the weighted reception signals, extracts synbol sections

in the conbined reception_signals, and generates a cl.o for detecting
synbol s, TRECHI+OISiTYPR_LE glhﬁd: TR %P P&?’u%q%l‘dailﬁg%%é)j%ﬂbpﬁg Bt for
j udgi ng whet her .every c ining cqoefficient is below a predeterm ned

t hr eshol océor&bﬁﬂllﬂgpl%?‘?rgggﬁil@nfgt&r }{l}ﬁi formy multiplying every conbining
coefficient when the %ud ing unit 'ud%gs that ev %% conbining coefficient

i s bel ow the 15 pr@g€efr 179 eSREEE L GRS cBrfbidtihe® tAPE Lfor combi ni ng

Stat od COTRTTHRE GRS (HSRATLARIRLT oLRPPui A S Bt R B y RoFERBITEd |1
nerbased RALCATARH CHEhoRoGe EREF ATbRER Loiohts oRLBHgH ST SAH r oqult,
baced on THEE LBBENSR § e pPFon I S Lelie bRl GBBa06 nid 25 that mark
dovi ot | RS THEEE IS0 £ 320TE2 5003 ext ract on, and S0 prevents a

| ock f bei d with deyj ingng. This h he, ef f f
Feduci ng the. nundere of | FAABHRAT ckvBFe XHAT hctl Sfels TUHF AGREY I & i n
h i.zati ith. .t.h d cl2qck. 5.Here, .t i pi

coor 1 ci AR oy CEE R b S KPR eiia i Grdf SEr bhev Tor Baeh Pistept i on
Sy§tgem ar}%;-aptggr 8”§t ! Shor‘{‘gé‘g 8 ree'\)}ﬁ%ﬁﬁf'h&%s‘lfblté‘ec&ﬁﬁﬁﬁélt%é'cgfajche

b d Rer SOBRIbT 5y stk d T
gt et e 8 1 At e e
recei ved &1 gnaﬁ? s rec%f;toozs a ‘par amet 8r showi g 't he re}:Dl a1 ?itay of "a

receptioqlfipngl3az a conbining coefficient for the reception signal. Here,
the multip ylhg’uﬁig'nay mul tiply every 15 conbining coefficient by a

mul tip] yrg’ Gh'e “mey mul ti p co co by a
el ow the. pr edet S had Enr BhbArGy oR FataRRC E oK, 2R B T 1

i ver si iy ebel VNG 13PN R4S ObrkNY RESREBheFRY SINON S983 0l Gl geed Lo

use a standar Ii €ér, and instea t he conbi ni ng

cott] oy SRR et e b g e s Y s

appar at Ugji fferent values of Rk and the 2° different values of 6k,
which is to say 2'® different calculation results. When
the combining coefficients Rk and different values of the
phase data 6k are inputted, the I component ROMs 317~320

20 output the values of Rk’*cosBk corresponding to the
inputted combination.
In the same way, the Q component ROMs 321~324

store beforehand the input reception signals Rk’*sin 6k
(k=1,2,3,4) for the quadrature components for every

25 possible combination of the combining coefficients Rk

(k=1,2,3,4) and phase data 6k(k=1,2,3,4). When the



25 Here, the constant nmay be related to a result of dividing a maxi num
<value for the conbining coefficients 10 11 June 2003 by the threshold. As
a result, the diversity receiving apparatus of the present invention can
ensure that the conbining coefficients that have been uniforrijune2003pl! i ed
by the 5 constant will not exceed the full range for the conbi ning

o1 adot o1 e A b ar BiCe L Fe Renel S BEr R0 Ot i The. Breddrer i n

predeterm n el ng n e predeterm ned

(I eshol oang douadoby 10 dahdages T Kabin ela6as b Sigygssec

using the pre rm ne er rts

predet er "%g%ggg{r@?é gglgie hlcﬁ/velf\fez*ﬁ:fné 3%%%:%’5‘5?555?5%%%tmeW| tiplying

unit can ized by a’s ere sinpliTying e construction

of the diyﬁgﬁkkxﬁiqg§%¥gﬂggggg@ratus of the present invention. The stated

obj ect can al so be eved by a diversity receiving apparatus that

sepagat el y wei ght gy, e‘i’eféﬁdrﬁé‘o@éﬂ'ﬂa'a%cfgr a3 PEULALid L OF LRECRI UL sYgtens 20

usi ng conbi ning coefficient's based on a respective anplitude ¢ onent of

each 1 ecephLaR -NNAmo SABRKL RN JEB BN RA11,ECEPLL PPIo% gnal s, extract s

synbol sections in the co reception signal's, and generates a clock

g o U0 S GRS Ky EeBl NSRRI hC L 10
predet er pgREohRRSEYMs 317~320 and outputs the combined in-phase
components of the reception signals.

10 The Q component adder 326 combines the weighted
quadrature components Rk’*sin®k (k=1,2,3,4) of the
reception signals that have been outputted by the Q
component ROMs 321~324 and outputs the combined
quadrature components of the reception signals.

15 The clock generating unit 328 extracts symbol
sections from the combined in-phase components and
quadrature components of the reception signals outputted
by the I component adder 325 and the Q component adder
326. Based on the extracted symbol sections, the clock

20 generating unit 328 generates a clock that serves as the
standard for the judgement timing of the judging unit
327.

The judging unit 327 outputs two-bit (four value)
data by judging whether the combined in-phase components

25 and quadrature components of the reception signals

outputted by the I component adder 325 and the Q



11 June 2003 a multiplying unit for uniformly nmultiplying every > conbining
‘coefficient when the judging unit judges that every conbining coefficient
is below the predeterm ned threshold; a conbining unit for conbining the
reception 5 signals using the nultiplied conbining coefficientfinea@dR
generating unit for generating a clock that is synchronized with the
 ecept | ONcaingionien Of LRy LLPLALE BEHIAEy4ISOAINLRG Y AFED! | PRSI gNAl S

conbi ned by conbining unit. th the stated construction, the

conbi ni ng- geefifdFi r ' il 4 [ y4&omnbi ni ng
coeffici e%t a{%sldbggllgr\?vi?hgzg]r de%gégnﬂnﬁeﬂ%lé?ﬁs#ggg.&n%ﬁt? [ lnlgr eases the

dynam ¢ 1 ag8eHiort 1182 € QBRI REG K SCRAT £AB Srafes H;giglgfe cMagty the

present diversity 15 receiving apparatus extracts the s sect1 ons based

on the cogbhped t&egPLh9R Jupal s, the zero-cross points that mark the
extraction timng can be extracted with high precision. This prevents
devigtion in the synpel; extsact oy, vk SeyPLaveALs By chepl o :
generated 20 with ﬁeviéied t?hing.lThis ha% t he effé?% o?ﬁreéﬁ§#%g€¢ﬁg

nunber ofysHdg@MRNcOALERS 1M1 GRS mANend gl BEmBYHIH$ hBthod
synchroni zation with the generated clock. The stated objectt can al so be

achi eved Q¥caqdisveistd Y ri-8aela/i g-apRabat s 4t , separatel y wei ghts 25
reception signals of a plurality of reception systens using conbining

coefficients basephaprea gr@spestb¥ewizh ddnveneidRR3 aaplbkdde conmponent of
each reception signal, conbines the weighted reception signals,” and

gener at esr@celi@tld UpPatatists SYHBRESeRysath e t HReC @I MEEt [8AEPL I ON
signals, the diversity receiving apparatus including: a 5 judging unit for
j udgd ng vhenhay eversyreshi et ikoreé f sehantf iicamel pwde viarades e MtRed
threshold; a multiplying unit for doubling every conbining coefficient when
t he ] udgitige uallbgkidgese that ney afryi €0BRBNI ngrcaeidhceaste,i sciel elothe
predeterm ned threshold; a 10 control unit for repeatedly activating the

j udgi ng weheandimg tuml ¥i B@suURjSnamd tbst he dlustth N@ithi ddwidgesdt hat at

| east one of the conbining coefficients is no | onger below the

predet er ni etinghr eshici¢e 8heorhidy gy unht tf G2 Tashé patigst He recept i on
signals using the multiplied 15 conbining coefficients when the judging
unit judgegnthabndtzdteash wdehoftiHie cbobkni nheopidgtnentsits 371 onger
bel ow t he predeterm ned threshold; and a generating unit for generating a
cldck thatils pgmchromni zed widgardentecepthor signadstafnatlhe ypdgeménty of
reception systens 20 using the reception signals conbined by the comnbi ning
unit. W tthinhegst afféd £ onsnr vetsivdit; imetHevdnsiaing eeriiti 3¢ Tappmkangs of
the present invention can achieve the effects described above. 25 The

st at ed ol§wreeneadsaljsuigpemanhiseved by a clock generating circuit for use by
a diversity receiving 13

20 DISCLOSURE OF INVENTION
In view of the stated problems, it is a first
object of the present invention to provide a diversity
receiving apparatus and a clock generating circuit for a
diversity receiving apparatus that prevent deviation in
25 the symbol section extraction by a clock generating unit

and so prevent a judging unit from making judgement



11 June 2003 apparatus that separately weights reception signals of a
‘plurality of reception systens using conbining coefficients based on a
respective anplitude conponent of each reception signal and conbi nes the
wei ghted reception 5 signals, the clock generating circuit incluss 2003 a
judging unit for judging whether every conbining coefficient is below a
predet er nbped threshol d; a multiplying unit for multiplying every conbining
coefficient when the judging unit judges that every 10 conbi ni ng
coefficient is bergw tﬂ%é’tf%’?i@&@ ned {RhE ﬁé?@!s@in@ LOFRKRIRG WhE ber

conbi ning the reception signals using the I'tiplied conbining

coef fi ci egkpi safashy %peaeaqtviél% 'trée%igzgqﬁ]gé%§9r§tﬂ§%hééat s

synchroni zed with the reception signals urality 15 of reception

Systems uskBardieTeceRt kel S nalsrsarbideth by he QORI nRgiNY lor W LN

t he stayed construc ion,_the CO%%IH!HQ coef Icients aré uni _
m“t5p|'eerEp@fﬁﬂ[§9§Ebﬁbn%%¥ﬁ%fb8m§&hﬂﬁ§tE%@ﬁEE@%éH@@eﬁﬁé@d“gh.a

threshol d. This 20 increases the dynam c range of the conbi ned reception

signal's. Asspel@sWd , amben toHEBoRBEhEARS A & £Xh T 26l A8 dsaR e,

conbi ned recéeption signals, the zero-cross points that mark the éextraction

timng capoRBi®¥d a&didh b i dhr PEEEESION s MR B hatrd besPeeadyy] cl ock
25 generating circuit can generate a clock wi thout deviation. 14 11 June

2003 BRI Efe PESCRISPHIONKE BRAYINGY ThesepandotdiegnalbiseCland ag¥abtagess and

features of the invention will becone apparent fromthe follow ng 5

descri ptignclBekedot akehebit 16N IREHE DB , Wittt tdiey 8e69RRANYE AP1 G AW NgS
which illustrate a specific enbodinment of the invention. In the draw ngs:

Figiol shoypagadieerind yudeagi:via g adganat us iftorf d e epgived -wlktkBer
conbi ni ng net hod according to the first 10 enbodi ment of the present

inventiornevétrg. cdmksirad By oekedifagticem show bg lidvwe £opsbHeaid ani &dt he
converting unit 314 in nore detail; Figs. 3A and 3B are graphs show ng

val ues oftlhheshedept iombereblOd (kun2t3£ér tumifereliynmutltetplptiagt he 15
converting unit 314 before and after conversion;
every combining coefficient when the judging unit judges
that every combining coefficient is below the
15 predetermined threshold; and a combining unit for
combining the reception signals using the multiplied
combining coefficients.
With the stated construction, the combining
coefficients are uniformly multiplied if every combining
20 coefficient is below the predetermined threshold. This
increases the dynamic range of the combined reception
signals. As a result, when the present diversity
receiving apparatus extracts the symbol sections based on
the combined reception signals, the zero-cross points

25 that mark the extraction timing can be extracted with

high precision. This prevents deviation in the symbol



Fig. 4 is a block diagram showi ng the construction of the judging unit 202
‘in nore detail; Fig. 5 is a block diagram showi ng an exanpl e construction
of the multipliers 203206 in detail; 20 Fig. 6 is a flowhart show ng the
processing of the converting unit 314 in the second eﬁbomlﬂﬁfjuﬁ%gemy
shows the eye pattern of the phase data in QPSK (where the nmultiple sets of

phase dat g, paye.dean Lokt od 10 sypglicon) zaiiop kotqeach apdylald on, phase)

25 and Fi Q. OWs "a conve I'versity rege|V|ng une
RX ] = i L Qi VOPE Yl NG

%ﬂﬁ?f‘ﬂ%&hﬁ%ﬁ%?&@%&% (r:rggpll%: gl%ﬁﬁh%\é\gfgégﬁver Si gglgraé:cel ving

t ‘o t t
anbod; menth 81 nﬁiﬁﬁoé&?%égﬁbuﬁﬁfkﬁ%ﬁﬁﬂ?%%p?ﬁ%ﬁto%%&%i?ﬁ‘%wieé%%&%“f h

) 1 o '

e T e e T
t t L Gl t
({Prguan mul U plLABLRSN dhe 8000000 COELELELERIN: ipagdoln e ecgpt] on
The 15 d'%ﬁ:é&tv%dr EENA 1Y s30RG] HSfBQ.e’éa%ﬁrﬂbié‘éé;aa{tﬁ%nweédggésﬁh%%%e 41on

P
si gnal s. er this,”thé diversiiy receiving apparatus ju € sign
("plus" - " t C i L E n : the_r tion
signal s %%r?ﬁg%c%é)mﬁ%ﬁbgﬁa%%#ga%g%gﬁéeﬁtféO%T?Qt Egtcr%égéelp%?oﬁa%%g gnal s
to obtai s bl I d hat it outputs. Wen giving a
wei ght i n&gﬁgéggtdoﬁlgiguéaégp#%n e%g tsggtb%éﬁ"l n- phase conponents and the

quadrature compongnt ehdl e £E6aPLL0R g0l gp, t he PreseaL sdier si ty

recei vi ng apparatus uni ies e reception Ievel” before

gihylieo;gof (}%%igﬁhign%ﬂﬂafé{ﬁb% ISPl OBrkevelt | Snbehewod Ripdelgpm ned
elther a received signal strength or a parameter showing
the reliability of a reception signal as a combining
coefficient for the reception signal.
Here, the multiplying unit may multiply every
15 combining coefficient by a constant when the judging unit
judges that every combining coefficient is below the
predetermined threshold.
With the stated construction, the diversity
receiving apparatus of the present invention does not
20 need to use a standard multiplier, and instead can
multiply the combining coefficients using a multiplier
that can only multiply values by a constant. This
reduces the hardware scale of the diversity receiving
apparatus.
25 Here, the constant may be related to a result of

dividing a maximum value for the combining coefficients
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11 June 2003 When perform ng the sign judgenent, the present diversity
recei ving apparatus extracts synbol sections based on the conbi ned in-phase
conponent s and quadrature conponents of the reception signals and generates
a clock 5 that sets the judgenent tinming according to the ex{y agiesody ol
sections. To operate as descri bed above, the present diversity recelving

apparatus ingludes a converting unit 314, phase detection units 329332,
conponen?“hgﬁ%e1ﬁﬁ§f?%§gfgcpconponent ROMs 321324, an | conponent adder

325, t add 326, j udgi. it 327 d | ock t]
ani’t 326, Tho CoRVert | RGShniy I ratuRres th TopGEVaR MEPREREIDIR T cvel s
Ck (k:1ﬁﬁ’3’§% corr spondine.to the 15 haset etec%%on unit.s 329332 and
Judges WIEhAiTSOBRY RERMHt bR A0 ACHREL TH3% 41T SCERPRP LIS

det ' th hol [ t ds,. wheth h N t | t
Fecept | ORMet O At SetitasPEHE PIRAToNer R L UbHof B.i S5 1Y ERE. sl t
f this jud toi hat al | ti ls Ck (k=1,2,3,4 . bel th
br cdot or S TP RO DA ReSEBROE 1511y THLL SEATM ToF mEFemAGFoi 8o he
reception levels, Ck.to produce the conbining coefficients Tk that the

converti Q128584 then outputs. Conversely, when the converting unit
314 judges 17 %1 June 2003 that, at Ieastfgne.reception | evel exceeds the

58 55ty ot et SO0 o g Lot 1L Lokt
(et 2. atgintl dinlBde AEpONEd pitalt FPORL Phr S (RS CofbERRt e oine 314
T st Pntearhin o i ede T E L TRE IRl BRSS! 6 ar e
CoiPhe natviita foRanr b Yo bhe, Bl Rt Thb o PR S st s o'
ot weon PREER CAMMLASE DEGERA o0r BIT 1 Cl PReReCTlle th L8 thl L 300332

detect t Lfter t t he phase of each received reception
Eget%%e P Enif Re 5|]%r3rrra\i:§i }a%?g%y'

signal a ase of 't precedi ng synbol section in the

signal, and outpys the fesuLLiess die, phase a2 GKL kli 2 pdere, The

val ues k=1, 2, 3,4 respectively correspond to t _ _ ing units
525, S30urSilcatygdtegt SRt o, ol B s, ISTROLS gkt S Tl e
30P5 andigePhatfs @HdEPIcHNIdE the diversity receiving apparatus of
the present invention.
The stated object can also be achieved by a
diversity receiving apparatus that separately weights
reception signals of a plurality of reception systems
20 using combining coefficients based on a respective
amplitude component of each reception signal, combines
the weighted reception signals, extracts symbol sections
in the combined reception signals, and generates a clock
for detecting symbols, the diversity receiving apparatus
25 including: a judging unit for judging whether every

combining coefficient is below a predetermined threshold;

11



313. This conposes a phase-detection type delay 25 detection device
rcorresponding to the PSK (Phase Shift Keying) nodul ati on nethod. 18 11
June 2003 The input termnal 301 is a term nal through which a reception
signal, which has been digitized by an A/D converter or a | i1 jitfe 2008
inputted into the present diversity receiving apparatus. 5 The phase

?lhfipaf a?@*ﬁ%ﬁ’l&?@%ﬁ}%ﬁ"% E€O§E§§§ %r%i;foééﬁ%ﬁédclﬁf‘}ﬁggr@%ﬁa?p_‘“ ‘ded
Thi s man?%ﬂrﬁg gﬁ%ggtlg%t%g{‘i ﬁé%%og{}fﬁtj‘égéﬂg\gi E@ilsgoi}lggt%%eddp}%%ée
ST I e
35 ghgsg gh Sgﬁﬁ%gfbyétﬁen%fﬁsﬁﬁ e?@%t.ﬁ%*ﬁﬁ??“%BEZbgftﬁg t%%géﬁﬁﬁvalent
addigg u%g?gbféﬂggf%g§§ %ﬁg @ﬁé@gﬁgﬁﬁFgfé%%@bg§#§éég:t e gg%égﬁgﬁ %ﬁgge and
the del aygd %%e‘l{‘azég%@gggﬂt %fhéghér%scitrﬂfté’héigcﬁi@t@n . jEhe phase

dermodul at I'ng "uni have sanme co uction as the phase

derodl ¢ SORsHich S04 1430 UL P LB e k5020 e Lepgmmen

correspondykQehfie pAss HRIPdU ALLPYoHNislifymePS3omRinih B¢ £Qabi ning 19
combining unit.

10 With the stated construction, the combining
coefficients are uniformly multiplied if every combining
coefficient is below the predetermined threshold. This
increases the dynamic range of the combined reception
signals. As a result, when the present diversity

15 receiving apparatus extracts the symbol sections based on
the combined reception signals, the zero-cross points
that mark the extraction timing can be extracted with
high precision. This prevents deviation in the symbol
extraction, and so prevents a clock from being generated

20 with deviated timing. This has the effect of reducing
the number of judgement errors that occur when judging
symbols in synchronization with the generated clock.

The stated object can also be achieved by a
diversity receiving apparatus that separately weights

25 reception signals of a plurality of reception systems

using combining coefficients based on a respective

12



11 June 2003 coefficients Tk (k=1,2,3,4) and the phase data 8k (k=1, 2, 3,4),
‘t hese ROV out put the in-phase conponents Tkz*cos 8k (k=1, 2,3,4) of the
reception signals and the quadrature conmponents Tk2*sin 8k (k=1, 2, 3,4) of
the 5 reception signals that have both been wei ghted using t{ejgdons ng
coefficients Tk. The | conponent ROV 317320 store beforehand the in-phase

Soasi bt & s RERR Honeiefi ook dich Egeégg’fetﬁdé?em Laaz., ?é%%%
phase dat@nékw%lf?ﬁt%é r@q%ggﬁ.ent@% i?g%r&%fh%‘%tss al ?8 kPhse

data 8k are ent store ca ation
I'ts fQu h Tk d the 28
gsfreant va u%éﬁgngéﬁﬁaaﬁ %Sk%gnggtﬂg ghﬁ&ﬁfgggnt ca?&ﬂlatlonapesulfs
Wh h f f d
en the L I‘é”gt%%e Jl&éPQEE Egi@:g\giiéé g,g{ama Si@le1 td}f’lxﬁ’QaT ata

8k are |np ted, "thel onen put t val ues oh 2* cos8k
> . :
Eg%ﬁﬁﬁﬁﬁ%ﬂ%@%& %%%‘Ef%&? Ekide ’393&a i B?%ﬁégﬁp‘?%émé %%fsi n ok
1, 2,3,
Conb i ng Koet 11 oo Bn SomP TR, B e e At SRRtk 2. 3. 4). Both

the Conbhﬁolﬂ%sﬂ’ﬁiﬁgch%rité ilors é%%mglgr?%dé{rérgre C %%Fhlbs c'o%rkgff?léﬂact 20

11 June 20 conponent 24 st ion results for

all conbi e I obvE-ANEbH i fferent
val ues 01% O%Aﬁh?ca i trgggslggiglé%d@gﬁlsgrgﬁ?tcar’culbgt| ongggégllggs When t he

conbi ni ng e £ & b ARL S TNkt peodiff@ien rifahues fr&8RonEASE, data 8k are
i nputted, the Q conponent ROV 321324 out put the val ues of TK2*si n6k

CorgesRoRUHTELP ANEY TN |sdpeatbing lan, The b et RER,
have beeBnd multiplying unit until the judging unit judges that
at least one of the combining coefficients is no longer
below the predetermined threshold; a combining unit for
combining the reception signals using the multiplied
15 combining coefficients when the judging unit judges that
at least one of the combining coefficients is no longer
below the predetermined threshold; and a generating unit
for generating a clock that is synchronized with the
reception signals of the plurality of reception systems
20 using the reception signals combined by the combining
unit.
With the stated construction, the diversity
receiving apparatus of the present invention can achieve
the effects described above.

25 The stated object can also be achieved by a clock

generating circuit for use by a diversity receiving

13



outputted by the | conponent ROVMs 317320 and out puts the conbi ned in-phase
* conponents of the reception signals. The Q conponent adder 326 conbines the
wei ghted 15 quadrature conponents Tk2*sin6k (k=1,2,3,4) that have been
outputted by the Q conponent ROVs 321324 and outputs the conRijgpd 2003

guadr ature conponents of the reception signals The clock generating uni t

Locked LoOD 2R aa1o 0 CALAH At bR L PO | o, CERBEST Otk SOMBPas: (iF i 1
328 gener ai 3.3 18 pok Apearding oy be gl nedy! popa gqgug@”ponents and

quadr at ure" comnpon nts o) ec n-signals the | conponent

For tho | CUBEAEHT-T1 W nBRBr ) K8 | Rgeay o7 o5t o GofiRebi | B o ¢
detail, g cﬁyg%;yﬁsﬁaéhoel plecting uBhb; 3% detects syhol sgetians, pased

gn t he co i ne € Co one ST an he qua rature conponenh ngultted
I

ovetton dSTERATSE! uﬁ:éﬁé%%e?%%élhﬁgnéyﬁm%??%%L%u‘f? s g%t ‘ng the

comonent X EPL e u%ec%p ?%23?%%%”wﬁ%@i‘éi%“ﬁ%“%ééw%@%eﬁﬁ esa cl ock

that is uc?c%jf%gc‘}% %sgi gSeC%&Stleﬁ%gﬁT L ttéltllgg's %1 n%e j udgi ng

unit 327 accor |ng I ons e sy section
St T 55 e ey OB B e 0 3 o
oy omicalsseonh Unes sl oty al gy ety gn Vi cigd e
unifty 327 QRBPHS npR Ul £ {EQUN Va4 ®elow the predetermined
threshold; a combining unit for combining the reception
signals using the multiplied combining coefficients; and
a generating unit for generating a clock that is
synchronized with the reception signals of the plurality
15 of reception systems using the reception signals combined
by the combining unit.

With the stated construction, the combining
coefficients are uniformly multiplied if every combining
coefficient is below the predetermined threshold. This

20 increases the dynamic range of the combined reception
signals. As a result, when symbol sections are extracted
based on the combined reception signals, the zero-cross
points that mark the extraction timing can be extracted
with high precision, meaning that the present clock

25 generating circuit can generate a clock without

deviation.

14



data by judgi ng whet her the conbined in-phase conponents 20 and quadrature
‘conponents of the reception signals outputted by the | conponent adder 325
and the Q conponent adder 326 are positive or negative. The judging unit
327 perforns these judgenents in synchronization with the clackimereont ed
by the clock 25 generating unit 328. In the judging unit 327, deviations
(clock phase 22 11 June 2003 errors) that can cause judgenent errors are
present ire the clock inputted by the clock generating unit 328. |If there

are devi alh pps Q@{%}@%ﬁ)@h b@p%wm@ o the judging unit 327, the judging

unit 327 Ccan en rformng the judgenent with a timng that deviates

somevhat f rom t hepl deal ot Tidigh o TNbsIdaTEAseey bhe RIObabhli L 0h, £ oneous
j udgenent s bei ng nmade. 16 preven erPoneodé j udgenents from bei ng nade, the
| K . . . ; t I;H t | 1 it i s
Srgggs?§3$f$%hggé§$§%}ﬁe %ng agéﬁ%ratgagbﬁﬁit gg8Pf§Hﬁgj$%i§?P%%gl§ ol
sectq on delecting iul 333 needs o conT eebliulatech e rsymRel sections in
S. t he hi"gher the

t he conbi ned recteption signa re, ynam c range of the

| nput ted a@é@&é?@fiﬁ%}ghﬁfﬁﬁﬁﬂ%oméhaﬁ.‘?lﬁ@.t aauggﬁgqu ents of the

reception sign er “the accuracy with ich ol section

det ecti ng o ds 383 Cr dolect nliae Zerp. T 955 i M Sakipae combi ned

reception signals when detecting the synb sections. 20 Based on the

above, the di versily, IECBHUAD ARRRGBELS (3 i PyenRNlaghyeAtLAN Ay formy

multiplies the reception every ception |l evel s below a

predet er ?ﬁ%éﬁ&ﬁ%@ﬂatﬁ% NEemhesitduhb t Bbie G de5LRt hen deuels atesysed

as the c ning coefficients, 25 the” conbi ned | n-phase “conponents and t he

quady at UregniconPRBRRL S Oft BepFSERIH O $E8RALS ;produced by the 23 ~ 11 June
2003 conmbining wll have a high dynamc range. Fig. 2 is a block diagram

showi ng t he cons@Hﬁf;i@nigféﬂyié@@vggggmamugﬁo@iﬂgimjﬂpre detail. The
converting unit 314 includes the judging unit 5 202 and the nmultipliers

203206. A sdemichY ohhe £XERe! esnivie i fifg 3A1aNB 13H, 1 hf mever YidE£epsi on
| evel Ck (k=1,2,3,4) is below the threshold, the converting unit 314

mul tiplies each FaeePtion bevelsnnafer graphs tdiowongt antl es 18fHeme, it is
preferable for the threshold to be a value in a range that is 1/8 ~ 1/4 of
the full dedget bbnt heviedcepki 0R=MN6\vg|3,Ck) Thatcenss ampticeda itatsiethbat is
one or greater. This value nmay be set at a value that is equal to or

smalsl er tdmaméfl@ih?vahie; ad14 hpeffioreshohd. afbelkn ddreveresent; enbodi nent,

the constant Nis four. The

Fig. 4 is a block diagram showing the
construction of the judging unit 202 in more detail;

Fig. 5 is a block diagram showing an example
construction of the multipliers 203~206 in detail;

20 Fig. 6 is a flowchart showing the processing of

the converting unit 314 in the second embodiment;

Fig. 7 shows the eye pattern of the phase data in
QPSK (where the multiple sets of phase data have been
plotted in synchronization for each modulation phase);

25 and

Fig. 8 shows a conventional diversity receiving

15



reason the threshold and the constant N may be in an inverse relationship
is that this ensures that a value that is Ntinmes the reception |level Ck
will not exceed the full range of the reception |evel Ck. 20 On receiving
the four reception levels Ck, the judging unit 202 judges whgt e 2008 of
t hese reception levels Ck are below the threshold. If so, the judging unit

202 out pubpddies ¢ WE9ereNt id anaki A8 1 1At 91 ¥8RLAIME RéthBS. 25 Wen the
j udgenent signal 207 has been inputted fromthe judging unit 202, the

mul tipliers 203206 24 11 June 2003 nultiply the reception levels Ck by

t he constant N and output the results as the conbining coefficients Tk.
This neans that Tk=Ck*N (k=1, 2,3,4). Wen the judgenent signal is not
inputted fromthe judging unit 202, the 5 nultipliers 203206 respectively

out put t hgrachENFbRY ARy A%ct BITCAHE NigEReSON cient Ck. Fig. 4 is a
bl ock di agram show ng the construction of the judging unit 202 in nore

det agl . Tpgﬂsﬁ¥gi§bgghbp§pz i ncl udes the conparators 10 401404 and the AND
circuit 405 e conparators 401404 respectively conpare the magnitudes of
the reception | eveliy O (didy3, & i vt ditoerthicasiiod. aber dies thppshol d

is greater than a réspective reception |level Ck, e conparators each 15

out put a shgnala:SkndK=2a243 Dorki9i hagAMR & Uh kAR indher ANPhel reGui & + 405
out puts the judgenent signal 207 only when all four signals Sk (k=1, 2, 3, 4)

have beenemppititnicht WOECRNeS g Sadt enheridfienery reception level Ck is
bel ow the threshold. 20 Fig. 5 is a block diagram show ng an exanpl e

construction of thpemdridgdmergiz@3di& y nrdeeavlingrhepopatatpls efisva93206
i nclude the selectors 501508 and are configured so as to produce a product

of h0consthst iangleds & Npuiipeh e gt ahdt guechm tvnel evalpdden®$ dlfe the
sel ectors 501508 output the signals inputted
reception signal received by the four reception systems a
weighting (through multiplication by a combining
coefficient) based on the reception level (RSSI: Received
Signal Strength Indicator) of each reception signal. The
15 diversity receiving apparatus then combines the weighted
reception signals. After this, the diversity receiving
apparatus judges the sign ("plus" or "minus") of the
combined in-phase components of the reception signals and
the combined quadrature components of the reception
20 signals to obtain two-bit (four value) decoded data that
it outputs. When giving a weighting based on a reception
level to the in-phase components and the quadrature
components of the reception signals, the present
diversity receiving apparatus uniformly amplifies each
25 reception level before giving the weighting if every

reception level is below a predetermined threshold.
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fromthe eight input termnals Ato the output term nals 25 11 June 2003
* X whéen the judgenent signal 207 is not inputted fromthe judging unit 202,
and output the sighals inputted fromthe eight input termnals B to the
output term nals X when the judgenment signal 207 is inputted1 Jufd2@d3ht
bit signal representing the reception level Ck is inputted into the input

termnals A of t I é%ﬁ?o kN I S I g Sd t bit
(MsB) of the recgﬁ??gnﬁﬁgggﬁt sgpﬁpjﬁﬁgg ?%?gegﬁguggl%2?0%QE%?§§£d t he

| east Si i 16£38k i dd BBl niss ahd AUbLed it £ hes pAkRal 05508 orf bit

value at two bit positions | n the eight-bit recCeption signal Ck is

i nputted dadoqt By %Hﬁ%mﬁ%@waﬂr@magae&%@5}&&5&%@%%%&&58 As

value "0" is inputted into the Btermnals of 'the sel ectors 507

a result,cdmeotantsl Jd!{8eSrElapt 208 QUERU sTkartk &fi]"@ﬁ'é_ﬂa{}?eiugg%‘%k
signal 207 is not inputted, and output Tk=Ck*4 when The judgenent signal

207 §'s i Rl £ edetEhe Heol | @M BRIt antigXRbaBaldodH gt be e adk 08 a0 &
diversity receiving appdaratis of the first 20 enbodi nent of the present
inventionsW9se seBlifdid i on has been described above. Fig. 3Ais a graph
show ng val ues of the reception level Ck (k=1,2,3,4) that are inputted into

the converting umid 3ddralB BHO dSécribedv@iideal aKes hoden25 the full
range ("MAX') for the cgﬁbining coefficients with the threshol'd as 1/4 of

the full giapgesiE§Ched®ividgIHBea3iidus ecapliveied &y ebollyert fg- udAt S
bel ow the threshold , val ue. "Wien the reception levels Ck shown"in Fig. 3A

are inputized i phaskheier@vel bhnandtid $49-38he judebmgoHent REYZ conpares
t he nagnltud%s of the reception levels Ck with the threshold. Since this

comgari s@1 71+ 32, t patcorRiYei ECRPMsOB A BVBD 4 Ck ains hetompbhe rithreghekd, the
judging unit 202 outputs the judgenent signal 207 to the multipliers
203206. B2thean pheompdgrirent agderal3 28,/ dajubdedmg npwited2fr,ommdeaj udgi ng
unit 202, the nmultipliers 203206 shift the bit values in the reception
| evel Ck clpyek dgehyrawd riyf teniti @283B is a graph showi ng the conbining 15
coefficients Tk that are outputted by the converting unit 314 when the
reception | evel sTHe sdwmwieiriniqy.uB#t aBe4i mpddiede snbha i wonyer tiheg unit
314. Meanwhi |l e, when a reception signal is inputted, the phase denodul ati ng
units 32%3>mlet ent 1eke IghaGle 2R=Copdeht bdaviregpoembied the tdngpl it ude
conponent of the reception signals. The phase denodul ating units 329332
oullput phhssaadatdktllonl, hBtd) 3@adrdIedrad thdgemsehdihter encerpet ween
t he detected phase conponent and the del ayed phase. 25 The | conponent ROVs
31 7320 aestapitel gnhcorpeieriik ROv1321304 ¥ etei belaw ianpurede telrenicoadhi ni ng
27

threshold (or in other words, whether there is at least

one reception level that exceeds the predetermined
threshold).

20 If the result of this judgement is that all
reception levels Ck (k=1,2,3,4) are below the
predetermined threshold, the converting unit 314
uniformly multiplies the reception levels Ck to produce
the combining coefficients Tk that the converting unit

25 314 then outputs.

Conversely, when the converting unit 314 judges

17



11 June 2003 coefficients Tk and the phase data 8k and out put Tk2*cos6k and
'Tk2*si n6k. The | conponent adder 325 and the Q conponent adder 326
respectively conbine the different values of 5 Tk2*cos6k and Tk2*si n6k and
output the results as the conbined in-phase conponents and ti¢ jgragpogure
conponents of the reception signals to the clock generating unit 328 and

the | udgingaunat 327, Fephe tie dovesat hevial uscledle il |over the 10

dynam ¢ range of the conbi ne conponent’s”and “quadr at ure conponents
feh . - : - ' .
adver sel o of e SR e R L A O R TB e ot Sn g WhEpRE R ne
y 1 .308. dinal v 4 h e : L
appar at e eePE RS e P R 5 BT B AP e E o M

Tk, so tQﬁhgﬁ%”%ﬂﬁhq%?%?%EC&%%&§5i Enﬁkgigbggﬂﬂjpy t he conbi ned i n-phase

conponent s r conponen 0 and Tk2*si nAk. This avoi ds

the sudver se ef f eciyso deserihiad ear byt s AhThecbudging, Uks 38Rodidgssy

whet her the conbined I n-phase conponents and quadrature conmponent

receptio { gn r i1l i, Me I tis
higth p?gg%ge?g%ggﬁ§?§$ggh%¥%tﬁgug?gg véeﬁ%%???ﬁg@%%?gdg§§F&%%Qﬁjudging

unit 327 ﬂ”éc%éﬁchﬂ%gﬁ%ei@?ﬂh: U%Liﬂé S(hyf9sTanis Bsa t BR) A8 Ogﬁge ggfvugrsgffy

11 June 2003" Seco odi ne e overall construction o _
RIS

receivin I j e odi ANt LOf € I Jvent|
t he saneg%s t %?Eg%ggl%ﬁfE?gSQ%i%?%%o%gﬁ Fﬁe?ﬁé&%ﬁ%ﬁgg%ﬂﬁ{w3€%bﬁas a

di fferent,;intg] §ak .60 gyr at irp i So Finf fn%rlec%gcgi(éaweh td%&o?ﬁseati ng

unit 314 is conposed of a m croprocessor or a D gltal Si gna
Pragessoherd e fBrisS & f{ QUCRANT: iSIIOW: 281 bRe g3 aaes SEBU rOfr kb d b8on

converting unit 314 in the second enbodi nent. The converting unit 314
sé}( ores thevargeply s PraddyabuRiodd dulbephawr iswuthgd teeeption levels
reception levels are increased with the ratio between
their values being maintained.
The phase demodulating units 329~332 detect the
15 phase difference between the phase of each received
reception signal and the phase of the immediately
preceding symbol section in the signal, and output the
results as the phase data 6k(k=1,2,3,4). Here, the
values k=1,2,3,4 respectively correspond to the phase
20 demodulating units 329, 330, 331, and 332.
In detail, the phase demodulating unit 329
includes an input terminal 301, a phase detecting unit
305, a phase delaying unit 309, and a phase adding unit
313. This composes a phase-detection type delay
25 detection device corresponding to the PSK (Phase Shift

Keying) modulation method.
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(k=1,2,3,4) in the register A (Step 601). The converting unit 314 then
'substitutes the initial value O into the 15 variable N (Step 602). Next,
the converting unit 314 conpares the value in the register Awith a
threshold (here set at half the full range). WWen the val ue qiynriee2goa0i st er
Ais larger than the threshold (Step 603: Yes), the converting unit 20 314

proceede 1o, S At SMLADCPSLIIELSR s B EsALg: AR LR value o
TR R R S e et

val ue that i's doub régi ster I'nto reg hen
. . | . : 605 i 11
June 2000 ShEREELREF tnd varTatRE A ree r oap ePeed bR B0 R 45 2ol o

When th jn.th [ the threshold (St 603: Yes), th

coﬁCert?néayﬁagégi-f?%%g%§%§5V§?§éggﬁg§N fgr eggﬁ ?eceétigﬁ IeveIeZ%d se?s
th | ti h sl f RinGi k=1, 2,3.4), In th
st and second SABORTRST soc ERE HAIDrYTon POsel TP TE Toseld HEREHE boing.

hat  Showgtt KLY diSGBPFH) o9ty SRt bR nt  or Ty e aRBa Th ol ace

that shows the Tre e rec ormat y be~U

of the rgggﬁt%aﬁgigﬁﬁ eﬁhﬁﬁ%.qfﬁg.%gd%rn)Séff%§¥grﬁg@%§%n of the phase

data in pl'e Sefs © ase data een 15 plotted in
h [ ' ' T | ' d L2
a7 1 kol FroudtraadP B R LR PR Rlecd el bHald Mt e s

oL Toenad B e gl saaiton upluesgatlie Glgectrine s geaping o the
recepti ony8ignalos detects only the phase component of the
reception signal. Since the amplitude component of the
reception signal is not required by the phase detecting
unit 305, a linear amplifier is not required.

The phase delaying unit 309 delays the detected

15 phase outputted by the phase detecting unit 305 by the
time equivalent to one symbol, and outputs the result as
the delayed phase.

The phase adding unit 313 detects the phase
difference between the detected phase and the delayed

20 phase and outputs this as the phase data ©01.

The phase demodulating units 330~332 have the
same construction as the phase demodulating unit 329 and
so output the phase data 62~64.

The I component ROMs 317 ~ 320 and the Q

25 component ROMs 321 ~ 324 respectively correspond to the

phase demodulating units 329~332. Using the combining
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In this way, the converting unit 314 of the diversity receiving apparatus
‘of the present invention uniformy nmultiplies the value of each reception
| evel on judging that the value of each reception level Ck is 25 below a
t hreshol d and outputs the resulting values as the conbini ng £pgidd 20@Ht s
Tk. As a result, a high dynamc 30 11 June 2003 range can be maintai ned

for the ceg@qg;é}g%gga§%.(kgf ogquseﬁﬁg gﬁgggﬁégg &?EBO@?DFS of the

reception sig are outputfed to generafing unit 328 via
adder 325 and AN O Lokt Q4ger SRR THAS sy roal Roat rSRPAAT T ng uni
combi ned LK. FR38e honpanbnte AN aiadr JPUF SR Ent e r 50 T FDSepti on
i anlypr oeroa B oRRRER s o B TP 2 2 e S ge e A e

rect Sé °cl ock, “whrc "a o sefy )
Syl Seerrout. b o ARane T C AR ES B R i Y A e Tor L

judgenentﬁgﬁEQ¢}d%g@§%g@&dﬁ%ﬂﬁ?i@Qgt is closer to the ideal judgenent

timng. This reduc pro ty of judgenent errors being made. 20

| NDUSTRI AL APPLI GRBLLITTY.oHg L NET s " $£9L 4000 ARPAE Bbu ol 1Ry PERgent

i nvention can prevent "deviations in the generati y the cl ock

Serer Bt iU LSRR Oh sy ok e o ) et LD ) il
comuni cal-;RRLASFesi YHEAE dRILriPEall PR JdNENE ddmbination of the
10 combining coefficients Tk (k=1,2,3,4) and phase data 6k
(k=1,2,3,4).

Both the combining coefficients Tk and phase data
Ok are 8 bits long. The I component ROMs 317~320 store
calculation results for all combinations of the 2°

15  different values of Tk and the 2° different values of 6k,
which is to say 2'° different calculation results. When
the combining coefficients Tk and different values of the
phase data ©k are inputted, the I component ROMs 317~320
output the values of Tk’*cos6k corresponding to the

20 inputted combination.

In the same way, the Q component ROMs 321~324
store beforehand the quadrature components Tk’*sin 6k
(k=1,2,3,4) of the reception signals for every possible
combination of the combining coefficients Tk (k=1,2,3,4)

25 and phase data ®k(k=1,2,3,4). Both the combining

coefficients Tk and phase data 6k are 8 bits long so that

20




11 June 2003 reception level is often caused by fading and other factors.
32 11 June 2003 CLAIMS 1 1. A diversity receiving apparatus that
separately 2 weights reception signals of a plurality of reception 3
systens using conbi ning coefficients based on a 4 respecti vei1ajgid 2008
conponent of each reception signal, 5 conbines the weighted reception

signal s, eﬁéregctc%@wght%%'ﬁ@ BR 4t ke Kok Aeduneaenin opesignad s, and

generates 7 a clocK for detecting synbols, 8 the diversity receiving

appar at USféP”B’l'lS'&ani?nhH%' deapgef of ﬁh!@‘%%r\’@%é%e%vedﬂ RMaiy ng
10 coefficient is below a predetermned threshold; 11 multiplying neans for

Un'for”1ytHH|Qﬁphif@%f%§§yv&%u%%m@ﬁ“Q%LCQE&E C|Q§ttﬁ2 ?iggGJUdglng nmeans

j udges that 13 every c ning coefficient is belowt eterm ned 14

threshol dg i fRE. b€ Qb1 Bhnd cTRANS 4 601 QDT KX L ERe! @e&19Mnd6 i gnals

using the multiplie I ning coe cients. The diversity receiving

appag at usceéf@ il 5 2 )ehsh@ Dcrt@edgﬁﬁg!r@mg @ﬁﬁés%efnt&@rgh%% of an 3

recei ved S|gna strengt for each reception systemand a 4 paraneter

show ng agaehi aly ld ey %?Eﬁ%ebeceﬁﬁéoﬁ éb&@@ne%’@bR@M@,e@M~§@@h ‘Lﬁgﬂﬁé on

system 1 3. The diversity receiving apparatus of Caim?2, 33

2003 2 “h@ﬁé'OaQ%%dﬂﬁf'@k?*§9nHRa@%ﬂBéépé%dQ§ge%ﬁfYtﬁeCQ U el
coefficient by a constant when the judging 4 neans judges that every

conbi ni ng-gmBihiagiiyH. is below 5 the predeterm ned threshold. 1 4. The
diversity receiving apparatus of aim3, 2 wherein the constant is related

to aresult of The I component adder 325 combines the weighted
10 in-phase components Tk**cosBk (k=1,2,3,4) that have been
outputted by the I component ROMs 317~320 and outputs the
combined in-phase components of the reception signals.
The Q component adder 326 combines the weighted
quadrature components Tk’*sin®k (k=1,2,3,4) that have
15 been outputted by the Q component ROMs 321~324 and
outputs the combined quadrature components of the
reception signals.
The clock generating unit 328 includes the
symbol section detecting unit 333 and the PLL (Phase
20 Locked Loop) unit 334. With this construction, the clock
generating unit 328 generates a clock according to the
combined in-phase components and quadrature components of
the reception signals outputted by the I component adder
325 and the Q component adder 326. This clock is used as
25 the standard for the judgement timing of the judging unit

327.
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3 dividing a maxi mum val ue for the conbining coefficients 4 by the
‘threshold. 1 5. The diversity receiving apparatus of Caim4, 2 wherein
each conbi ning coefficient is expressed 3 using a predeterm ned nunmber of
bits, 4 the constant being 2n and the predeterm ned 5 threshal firfee2ons f ound
by dividing a maxi num val ue that 6 can be expressed using the predeterm ned

e o B Gorg e, O BB B iy

6. A diversity receiving appar t “Separ a sTre ion

S anal's ofs % BLUERLIL Yo FioBROSAL L 3o SALERP dis! O0eC R g CORLTfcf ent s

based on a 4 réspec i tude "coiponént” o recéeption signal, 5

combi nes e, wel ghed, LeCePLEON 91 0Na) 2ar EXIAC Somyl 6 S8ellaas i the

conbi ned “recept ron*si gna and gene a cloc g symbol s,

8 the di yersify recelyliige AOPALAldLs £OUPLES! RSte 34 colbolille: 2083 I udging

means for - udgi ng ether “every conbi ni ng coefficCre ow-a

predet ef med taneshldho 1Bk VingoBans, hars Inihar o g LT ekl ng

every 12 conbining ¢ icie gi°ng meansTjudges every
bl ni i crent, i ‘ . 4 L 1 A

moans. foF BN neEg TS B Up o eSS griPs Z0dthg. FRe B tirDT S ed%c S ni ng
£E1 G . (i : I .

ynchr ont SNP WER fhebibies, PoRFETaT S “apdr RS Pl GG bl

t he rece@ﬂénké&gﬁﬁh%rpqu'Hggsby the 20 conbining neans. 1 7. The

di versity receiving apparatus of Caim6, 2 wherein the conbining

coefficients areqne La{]ﬁé_tr %c:% vgg{]lég%?%st ;é r§mtal%|ﬂ: ft‘Hat.ean {Jg%gpti on

system and a 4 paranetér showi ng a ) e reception signal 5

ST T SRS EERRRSTEEYTEAE olbtusrsld oree kgnRgr oL o
coef fici gpfi tPy387 careiatinetot hed Wgiidl sections detected by the
symbol section detecting unit 333.
In this way, the clock generating unit 328
generates a clock according to a self-timing method that
15 generates the clock in synchronization with the reception
signals, based on the combined in-phase components and
quadrature components of the reception signals.
The judging unit 327 outputs two-bit (four value)
data by judging whether the combined in-phase components
20 and quadrature components of the reception signals
outputted by the I component adder 325 and the Q
component adder 326 are positive or negative. The
judging unit 327 performs these judgements in
synchronization with the clock generated by the clock
25 generating unit 328.

In the judging unit 327, deviations (clock phase
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4 means judges that every conbining coefficient is below5 the
‘predeternmined threshold. 1 9. The diversity receiving apparatus of C aim 8,
35 11 June 2003 2 wherein the constant is related to a result of~ 3

di vidi ng a maxi nrum val ue for the conbining coefficients 4 by hgd pagshol d.
1 10. The diversity receiving apparatus of Claim9, 2 wherein each

conbi ning coefficient is expressed,3 using a predeterm ned nunber of bits,

4 the conSFARESBeititp b  CaRd GaHS §r 2HEOEMA B P hfeSTSt PHRFRG Y duhd by

di vi di ng maxi,mum val ue that 6 can be_expressed using the pr term ped
nunber of%B?t§l?og%/ MpykéLE Py Bhe FI%@CQ? SHUGF AFned rﬂfhgﬂgrgg bi tist 1

11. A diversity receiving apparatus fhat separately 2 wejights reception
signal s o?hﬁrﬁl@ﬁ%iﬁ%vbﬁtﬂ&&ﬁn4%nt§es§éﬂﬁﬁ;%%PH t&ﬁﬂﬁ?ﬁ%gtB&efficients
combi nos 1 HAIRBRONTEE 1 32dpt (1P <] GRALES A lyower aPed STt cVock Tor
i ves si (D% EEBTTRAG SbRr AHGSEHbF | SF Al 20 b AU Agt RESnE. 9 6HF 8dgi ng
T il t o REare S8 CBUBIE evbRy PBonbi T T SPCCEATTEI BRE when ( he
j udgi ng neans judges that every 13 comii ning coefficient js below the
predeterrﬁﬁ%}aa&&q‘aﬁryes%gl Brregiecys Junee Sl%%bﬂg_r 8@%feans for _
{he udgi Mg 17 neMhPFBISEE (Fat SREORBaa COTRNE tPhé XUMPRFAG THCS
o A Lo e P T DB bR T, s dhe s
10 with high precision. To enable the clock generating unit
328 to do this, the symbol section detecting unit 333
needs to correctly detect the symbol sections in the
combined reception signals. Here, the higher the dynamic
range of the inputted combined in-phase components and
15 quadrature components of the reception signals, the
higher the accuracy with which the symbol section
detecting unit 333 can detect the zero cross points in
the combined reception signals when detecting the symbol
sections.
20 Based on the above, the diversity receiving
apparatus of the present invention uniformly multiplies
the reception levels if every reception level is below a
predetermined threshold. Since these multiplied
reception levels are used as the combining coefficients,

25 the combined in-phase components and the quadrature

components of the reception signals produced by the

23



21 signals using the nultiplied conbining coefficients when 22 the judging
" means judges that at |east one of the 23 conbining coefficients is no

| onger bel ow the 24 predeterm ned threshold: and 25 generating nmeans for
generating a clock that is 26 synchronized with the recepti on Jur@g 2003 of
the plurality 27 of reception systens using the reception signals conbined

28 by thq: bﬁé@go gpsha%elg.Fﬁgﬁ%ﬂggggﬁhky:ggﬁﬁéying apparatus of C aim

11, 2 wherein i'hi ng coef aré one of an 3 received sSigna

strength for eacthf(gce?t Egn Syt S and 5 r%npag}ggﬁﬁgrg Ss%}g%/\néng areliability

of the reception sigha obt ai'ned by each rec m 1 13. A clock
depar at el et EREL PR o ToRé B S b Bt o SRR s A0 st e
usi g & cOMDL IV ngpet L GLEARPATELOR8 TSORCALS IBLLLME LS, qampnen:
a1 of Tugb o Bherhers BOLF 5 20 11 Ag00 oot (1TER PYs R ow a
Conbi i ng T RORPT 10! S Sne RET vy bt medne S dURESPPRSr avargl 5%

CombLt D EOETS L 51801 1 el o Lhe, RnBelRThned 3 L 0ne8 Rty g £OTDI i N0

means for conblhi hg't he recepti o signal's using the comnbi ni ng

coefficient raf i .f at c is 17

synchr oni%;e% W?E}?%g%%gc%%ﬁgﬁg?% na c%{ _0?8?%2 gﬂt}?faﬁr%g)lgyé}t@{reecept ion

systens @adﬁk%§V/Ngceptlon signal s conbi ned 19 by the conbi ning neans. 38
. . 0

. A3@.. A3r Anl 9. AY. A{ 3L. AAFr. AF_. Al L. Al . A&Y9. Al L. AY9. A Y9. A&l _. AF_.
RO ALL. AGL SR 0] B TP ol ok cGeept 0 Eeie L
% Cgl CalgLC%lacl%Jé?aiﬁalaC%la%Qjé?L@H&Ea%calﬂscaiﬂ £k 631 cald caheal cakhefa ! >ka#

the reception level Ck. The constant N is a value that

is one or greater. This value may be set at a value that

is equal to or smaller than the inverse of the threshold.

15 In the present embodiment, the constant N is four. The
reason the threshold and the constant N may be in an
inverse relationship is that this ensures that a value
that is N times the reception level Ck will not exceed
the full range of the reception level Ck.

20 On receiving the four reception levels Ck, the
judging unit 202 judges whether all of these reception
levels Ck are below the threshold. If so, the judging
unit 202 outputs the judgement signal 207 that gives
notice of this.

25 When the judgement signal 207 has been inputted

from the judging unit 202, the multipliers 203~206
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ra} xsni d_izljeet ed] calhaalical saloajseal c adnby calcalweaty at eabpalica] chévalcal cal
ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]cal Zy?sG 10 . <
-\ f} xsni €iZ]1sabeadbealttal ceheakballeh] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]jca]ca! ?sG 10 . <
-\ 2)0xsni d_Z] ] ca] ¢alea] £al sakca)load k adlt abealc aftoesy capc alc axxafpheca) cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca%X H*s109%&' () -
"10%& () dHIOMBRLECEionl R thel mY1TAYE (9r402@8~@06 in detail,
3@ 10%& ()-tYeF*s109%&' ()s% 10%&' ()-$&LI0%&R ()-"10%& ()-&10%& ()-S-
109%&' ()-9L"10% (Dhe YO4AP4ipQiei&2(Q3~LA% $1a94wie the selectors
V& ()-13"$10%& ()-s/ M 10%& ()-s-M 109&' ()-+%4 0% ()-Hym\ SL$10% & ()-LS
10% & () 5P 1@DO8 &ahy- 81O Figtured &¢)as#8oomeqyce 1§ product of
10! >kdEnV SL$10% s 10% & () - MPLO% & ()-s S 10% & () -
, 10% & () SkD9s8ANE- BNTD%IE {)par#eld eight-bit reception level Ck.
dEm\ SL$10% "% 10% & ()- #"10% & ()-!&10% & ()-s "10% & () -
10268 ()-s10% & Mhd selectors 501~508 output the signals inputted
dEm\ SL$10% 93710% & () - @Mb10% & ()-9 -"10% & () -1 +#10% & () -
y) 10% & (rom tHeY%e&ght- & niOSL$eauineobs A (Fo3% @1 pus terminals
"10% & ()-y#l 10% & ()- 10: 10: 10:S:s10% & ()- 3nmudEbCSL$10% "&10% &' () -
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10% & ()-9L 10% & ()-LF"10% & ()- St10% & () -
10% & () - CdEbCSL$10%&-s! 10% & ()-+ 10% & ()-&) !10% & ()-9' - 10% & () -
% 0% & ()-& 10% & ()-!RdE:/ 10 10 ,:t10% & ()-7-10% & ()-5!10% & () -
L3110% & ()- 110% & ()-& &10% & ()-rS1/ || @40%0& () - 11 June 2003
99%4.0% 0& ()-! d9%0%GEES () -%0% & ()-! % 0%0&' () - S#Y10% o0& ()- 10 Jpl34wU6+/
10" oy: s10%0 a&el) -tHd % Q%eedidnt | $ 16RAYHAV T ) 1 & xAB&LOWrpi £t ed! FaLV@OEE () -

| N@A0%&' ()- 456CJIgE/

18 oylgllyﬁa&%% a}it (R 0ORI,9ZARD %€ (- FHWO 98Gh 1S SHOEL € » o IFE9A 0&' () -

0 0 N

10' ol/$10€/&e(b~l@rrfﬁ 10Ah0& Herifdl & B) t'PBENdoedtplrt! deérnnads(

10% o0& ()-WZ[\i~ @' ol 10% & ()- "10% & ()- f#Y10% & ()- 10'0 10' o

10' of : s108he8 thd |4 @dg m@&t()siﬁaﬁﬁ @70'33510%18@&\9&%& ()-10% & () -#10%
& ()-"10% & ()-, -10%& ()- JdE~ @

s! 1084 & () - 910% &Ah) eF &{}-8s h&% & dpr&s&hd (4h8 ti

10% & () - 34CedE~-_@' SI sl?@ﬁ%%& ()- b pr g reception

10% & ()1882110% & £ ) i hpleKedd (J)nﬁé*FtHaQ%l&;(L)t StEIYNE NS -Aedf] them n dE:/

10\ 10\:t10% & ()- 710%& ()-5#10% & ()-310% & ()-sY1& 10% & ()-G
/910% & (9ebeotpr® B011568r SH pPxOa¥18%K ()THe UOM&'s(@griiticant bit
%0%\ & ()- $10%r& ()-! $10%\ & ()- @310% & ()- 10\ ##T#. $$%\y %z % X9. /
(MSB) of the reception level Ck is inputted into the

selector 501 and the least significant bit (LSB) is

10 inputted into the selector 508. A bit value at two bit
positions lower in the eight-bit reception signal Ck is
inputted into the B input terminals of the selectors
501~506, while the value "0" is inputted into the B
terminals of the selectors 507 and 508. As a result, the

15 multipliers 203 ~ 206 output Tk=Ck when the judgement
signal 207 is not inputted, and output Tk=Ck*4 when the
judgement signal 207 is inputted.

The following is an explanation of the operation
of a diversity receiving apparatus of the first

20 embodiment of the present invention whose construction
has been described above.

Fig. 3A is a graph showing values of the
reception level Ck (k=1,2,3,4) that are inputted into the
converting unit 314. 1In Fig. 3R, the vertical axis shows

25 the full range ("MAX") for the combining coefficients

with the threshold as 1/4 of the full range. Each
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10\:s10% & ()-!1 19409 ()-!11940%\ & ()-!|#940%\ & ()-s! | #940%\ & () - sSO@10
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1> - 940%HE () - & +f10%4& ()-!s9, mAOYSHSHE () -t*+* 7*h*** +dESH= 10\

10S%0% & ddept 16U Vel @O%&'Kdg. 3A is below the threshold
F1S1004& ()-110%4& () - YEFZ10%4&' ()-++%. . 3-h--dESHE 10\ 10%

10948 () -#pYEE () -9!: 1 10%& () -
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10% & () WHHOh& threshold. Since this comparison finds that
every reception level Ck is below the threshold, the
judging unit 202 outputs the judgement signal 207 to the
multipliers 203~206.

10 When the judgement signal 207 has been inputted
from the judging unit 202, the multipliers 203~206 shift
the bit values in the reception level Ck upwards by two
bits.

Fig. 3B is a graph showing the combining

15 coefficients Tk that are outputted by the converting unit
314 when the reception levels Ck shown in Fig. 3A are
inputted into the converting unit 314.

Meanwhile, when a reception signal is inputted,
the phase demodulating units 329~332 detect the phase

20 component having removed the amplitude component of the
reception signals. The phase demodulating units 329~332
output phase data 6k (k=1,2,3,4) obtained as the phase
difference between the detected phase component and the
delayed phase.

25 The I component ROMs 317~320 and the Q component

ROMs 321~324 receive an input of the combining
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5 Tk’*cosBk and Tk’*sinfk and output the results as the
combined in-phase components and the quadrature
components of the reception signals to the clock
generating unit 328 and the judging unit 327.

Here, the lower the value of Tk, the lower the

10 dynamic range of the combinedin-phase components and
quadrature components of the reception signals. As
mentioned earlier, a low dynamic range adversely affects
the detection of the symbol sections by the clock
generating unit 328. Accordingly, the present diversity

15 receiving apparatus has the converting unit 314 multiply
the combining coefficients Tk, so that a wide dynamic
range is maintained for the combined in-phase components
and quadrature components Tk’**cos6k and Tk’*sinbk. This
avoids the adverse effects described earlier.

20 The judging unit 327 judges whether the combined
in-phase components and quadrature components of the
reception signals are positive or negative based on the
clock that is highly precisely generated by the clock
generating unit 328. The judging unit 327 outputs the

25 result of its judgement as the decoded data.
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5 though the converting unit 314 has a different internal
configuration. This difference is that the converting
unit 314 is composed of a microprocessor or a DSP
(Digital Signal Processor).
Fig. 6 is a flowchart showing the processing of
10 the converting unit 314 in the second embodiment.

The converting unit 314 stores the largest signal
value out of the four inputted reception levels Ck
(k=1,2,3,4) in the register A (Step 601). The converting
unit 314 then substitutes the initial value 0 into the

15 variable N (Step 602).

Next, the converting unit 314 compares the value
in the register A with a threshold (here set at half the
full range). When the value in the register A is larger
than the threshold (Step 603:Yes), the converting unit

20 314 proceeds to Step 606 and then terminates its
processing. When the value in register A i1s equal to or
below the threshold (Step 603:No), the converting unit
314 increments the value of the variable N by one (Step
604), stores a value that is double the value of register

25 A into register A, and then returns to Step 603.

In this way, the processing in Steps 603~605 is
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5 resulting values as the combining cocefficients Tk
(k=1,2,3,4).

In the first and second embodiments, the
reception level Ck is described as being a reception
level signal (RSSI), although a parameter (alienation

10 value) that shows the reliability of the received
information may be used in place of the reception level
signal.

Fig. 7 shows the eye pattern of the phase data in
QPSK (where the multiple sets of phase data have been

15 plotted in synchronization for each modulation phase).
The alienation values L1 and L2 are likelihood values for
the ideal judging points for judging the phase data. The
larger the alienation values, the closer the judging
point to the ideal, which is to say the lower the

20 proportion of noise in the reception signal.

In this way, the converting unit 314 of the
diversity receiving apparatus of the present invention
uniformly multiplies the value of each reception level on
judging that the value of each reception level Ck is

25 below a threshold and outputs the resulting values as the

combining coefficients Tk. As a result, a high dynamic
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5 ROMs 321~324, the I component adder 325, and the Q

component adder 326.

The symbol section detecting unit 333 can detect
the symbol sections with high precision based on the
combined in-phase components and quadrature components of

10 the reception signals whose dynamic range has been
expanded. The PLL unit 334 generates a highly precise
clock, which is to say a clock that is precisely
synchronized with the original reception signals, based
on the detected symbol sections. This means that the

15 judging unit 327 can perform its judgement with a
judgement timing that i1s closer to the ideal judgement
timing. This reduces the probability of judgement errors

being made.

20 INDUSTRIAL APPLICABILITY

The diversity receiving apparatus of the present
invention can prevent deviations in the generation of a
clock by the clock generating unit when the reception
levels are low and prevent the judging unit from making
25 judgement errors. This is of particular use to mobile

communication devices where deterioration in the
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4 respective amplitude component of each reception signal,
5 combines the weighted reception signals, extracts symbol
6 sections in the combined reception signals, and generates
7 a clock for detecting symbols,

8 the diversity receiving apparatus comprising:

9 judging means for judging whether every combining
10 coefficient is below a predetermined threshold;

11 multiplying means for uniformly multiplying every
12 combining coefficient when the judging means judges that
13 every combining ccefficient is below the predetermined

14 threshold; and

15 combining means for combining the reception
16 signals using the multiplied combining coefficients.

1 2. The diversity receiving apparatus of Claim 1,

2 wherein the combining coefficients are one of an
3 received signal strength for each reception system and a
4 parameter showing a reliability of the reception signal
5 obtained by each reception system.

1 3. The diversity receiving apparatus of Claim 2,
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4. The diversity receiving apparatus of Claim 3,

wherein the constant is related to a result of

dividing a maximum value for the combining coefficients

S WO N e

by the threshold.

5. The diversity receiving apparatus of Claim 4,
wherein each combining coefficient is expressed
using a predetermined number of bits,
the constant being 2" and the predetermined
threshold being found by dividing a maximum value that

can be expressed using the predetermined number of bits

D o S @ N - L 7S B S T

by 27, where 1 < n < the predetermined number of bits.

6. A diversity receiving apparatus that separately

weights reception signals of a plurality of reception

w N

systems using combining coefficients based on a

o

respective amplitude component of each reception signal,
combines the weighted reception signals, extracts symbol
sections in the combined reception signals, and generates

a clock for detecting symbols,

o 3 o o

the diversity receiving apparatus comprising:
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12 combining coefficient when the judging means judges that
13 every combining coefficient is below the predetermined

14 threshold;

15 combining means for combining the reception
16 signals using the multiplied combining coefficients; and
17 generating means for generating a clock that is
18 synchronized with the reception signals of the reception
19 systems using the reception signals combined by the
20 combining means.
1 7. The diversity receiving apparatus of Claim 6,
2 wherein the combining ccefficients are one of an
3 received signal strength for each reception system and a
4 parameter showing a reliability of the reception signal
5 obtained by each reception system.
1 8. The diversity receiving apparatus of Claim 7,
2 wherein the multiplying means multiplies every
3 combining coefficient by a constant when the judging

4 means judges that every combining coefficient is below

5 the predetermined threshold.

1 9. The diversity receiving apparatus of Claim 8,
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1 10. The diversity receiving apparatus of Claim 9,
2 wherein each combining coefficient is expressed
3 using a predetermined number of bits,
4 the constant being 2" and the predetermined
5 threshold being found by dividing a maximum value that
6 can be expressed using the predetermined number of bits
7 by 2%, where 1 s n < the predetermined number of bits.
1 11. A diversity receiving apparatus that separately
2 weights reception signals of a plurality of reception
3 systems using combining coefficients based on a
4 respective amplitude component of each reception signal,
5 combines the weighted reception signals, and generates a
6 clock for detecting symbols based on the combined
7 reception signals,
8 the diversity receiving apparatus comprising:
S judging means for judging whether every combining
10 coefficient is below a predetermined threshold;
11 multiplying means for doubling every combining
12 coefficient when the judging means judges that every
13 combining coefficient is below the predetermined

14 threshold;
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: 18 coefficients is no longer below the predetermined
19 threshold;
20 combining means for combining the reception
21 signals using the multiplied combining coefficients when
22 the judging means judges that at least one of the

23 combining coefficients is no longer below the

24 predetermined threshold; and

25 generating means for generating a clock that is
26 synchronized with the reception signals of the plurality
27 of reception systems using the reception signals combined
28 by the combining means.

1 12. The diversity receiving apparatus of Claim 11,

2 wherein the combining coefficients are one of an
3 received signal strength for each reception system and a
4 parameter showing a reliability of the reception signal

5 obtained by each reception system.

1 13. A clock generating circuit for use by a diversity

2 receiving apparatus that separately weights reception

3 signals of a plurality of reception systems using

4 combining coefficients based on a respective amplitude

5 component of each reception signal and combines the
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11 coefficient when the judging means judges that every
12 combining coefficient is below the predetermined

13 threshold;

14 combining means for combining the reception

15 signals using the multiplied combining coefficients; and

16 generating means for generating a clock that is

17 synchronized with the reception signals of the plurality

18 of reception systems using the reception signals combined

19 by the combining means.
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