S e R

DELAY, DETECTI ON DEMODULATI ON SYSTEM FIELD OF THE

| NVENTI ON This invention relates to a delay detectipa_denodul ation
system of diversity type used in a base station for nobi| FHISRHRT uac grear]
transmtter etc. BACKGROUND OF THH | NVENTION

Mobi | e conmuni cation systens use varibus systems to dete a2l

nodul ated signal. |n gBREA¥I DEREGCHIRRINEPPHELARION T EREDN sy s Seen Replaced
usedsi ncei t has agoodburst frame efficiency in conparrison wi yiﬂﬂbqﬂﬂﬂ“%m!
synchronous detection system and envel op detection system an

error ratio characCteristic under Rayleigh fading. In the del ay
detection system a digital W&Wr ecei ved as an i nput
signal, and then the input signal is converted into_a sjgnal.representing
a phase chandgBrishdrdeasiearreld@s bl atdrlaysds trRatdrad RN SYSITEM )

bef or e, e.%.‘, -a dermodul ator, and then the instantaneous phase_si grlal IS

i nput t % BéVesaasYl BYRR UERR D AR B BYCToEPpFCE 1 e AR G TARSPART&Feous
phase signal with a delay of one synbol, and then the instantaneous phase
signal @&k*.del ayed i nstantaneous phase signal are input to a subtracter to
obtain a difference for delay detection, and then the difference is input
to a determnation circuit to conduct the determ nation of data. Wien a
del ayed i nst ant aneous phase signal to be input one synbol before and an

I nst ant aneous phase si gnal are coincident with

each other, a negative value is output, and, when -
- Mobile communication systems use various systems to detect a

digital modulated signal. In general, a so-called delay.-detection
systemisused since it has a good burst frame efficiency in comparison
with heterodyne synchronous detection system and envelop detection
system and has a good error ratio characteristic under Rayleigh
fading.

In the delay dete;_ﬁion system, a digical modulated signal is
received as an input s;iénal. and then the input signal is coaverted
into a signal represesting a phase change (heréinafter ref‘ezred to
as ’‘instantaneous phase signal’) before, e.g., a demodulator, and
then the insca.ntaneous phase signal is input to the demodulator. The
demodulator outputs a delayed instantaneous phase signal with a delay
of one symbol, and then the instantaneous phase signal and delaved
instantaneous phase signal are input to 2 subtracter to obtain a
difference for delay detection. and then the difference is input to
a determination :c':ircui; to conduct the determination of data. When
a deléyed instantaneous phase signal to be input one symbol before
and an instantanecus phase signal to be input at this time are
coincident with each other, a negative value is output, and, when

they a&re not coincident with each other, a positive value is output, °*

/M1 ‘1 FRAL 'om QOBCINTR 7 10 MNOANYTS m sACAYIC YTEIT 0pPRT 'nat ng



they are‘not coi nci dent wrth each ot her a Posrtrve vaI ue i out put

2. and then two-bit data according to the phase-of symb eﬁnRﬁPhced
particular, the delay detectjon systemis suitably used tor
denodul ation on the receiver” side of & communi cation that i
usi ng DQPSK(differential quadrature phase shift keying):

ot her hand, a denpdul ation system using error diffusion deI aé/

det ect i oRRF sEREE IR R § (el AFESE IPAECTR ASpPRRSE |°cfn5YT"QF’é BpEnouceut.

No. 832640 1996 vvhr ch describes that, when a receive nal Y Wi_t h aﬁl evel
sufficie B 3 Farren e 1Y S TRAEO™ BY beem %ﬁp%‘fb"cf’sbzld’( 3 & hé“

comrunictron Eath etc., the data error ratiao can

In a basEeBPELLBHIPEr HbbFPE FEEEISAZ, Siiten % $n B'f“‘é?’g%%ry"%\n tchl“é Iﬁ/el

hi gher than det ermi ned | ansmi.tted fr t he bile | ons,
a suffrﬁ%ﬂ?f?gﬁg f}?’ét é‘sd'gtga QEeéfsb}ngec‘aﬁ?tBéE %ﬁﬂiff(’?t Jebynggr fig ?Sih Yel ay
detection system of errordiffusiontype. However, with the reduction in the
| evel ofk ‘P#ﬁ%ﬂ? signal, the inprovenment of error ratio is |lowered. Wen the

signal level is further reduced and .t he er gosed noi se i s i .cl{ ased t he
error ratio RABytHR ORT Relfort ASFPIULRELTT SYEERR USIAT ETTRT pé;’r ' i

Wi oh_haSYPARIELITHABEBRE LYol S ALHELAARA 10 PRBSTAID A u%tef%n each
Ther of or PALSRERER RS ool T44 HeL b §lon VEiS D EHFCHLEAR GRebr 1PRER oh TSR T
appl 1 ed PRLOLP G PO buths S ONE P 1A B Wt 82L% L0 {d'%e
superposed on the communication path etc., the data error rat;‘.o can
be highly improved.

In a l?ase station for mobile stations, when an input signal
with a level higher than a predetermined level is transmi;tted‘from )
the mobile statione. a sufficiently accurate data detection can be '
conducted by using the delay detection systemof error diffusion type.

However, with the reduction in the level of input signal, the
improvement of error ratioc is lowered. When the' pignal level is
fur.ther reduced and the superposed noise is increased, the error
ratio may be, on the contrary, deteriorated.

In particular, in case of the combination diversity system wich
a large diversgity effeet_ which has inputs through several antennaas,
the input signal level to each of the receiving systems when a certain
error ratio is obtained is low. Therefore, vwhen the delay detection
system of ervor diffusion type is applzed before the operacion of
combi.’ning the input signals from cthe receiving systems, the
improvement of error ratio may not t:e obtained at a weak electric
field‘level.

L]

Thus, when the ratio of an input signal level to a noise level
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I-nmprovenent of error ratio may not be obtained at a weak %%ﬁer@

| evel. Thus, when the ratio of an input signal I[&Yel o
3 superposed on the received signal is low, a regélver m
conbi nation diversity cannof obtain a sufficient inprgvenen il
error ratio even by using the delay detection of error diffusion type.
SUVMMARY OF THE | NVENTI ON Accordingly, it is an _abject he, . .

i nvention tengRIReaRs ®rdsheyredet ved iseﬁaéi/rﬁo%gF‘é't i%ﬁeggét & 4 %‘? {€ting che
sufficient inprovenment effect of error_ratio c be. oht ai ned ev t_he
rati o of arcomipidratiemaliversidly ¢aprPhePsait é\/%‘?g]gifdeﬁn%@meﬂ‘%ﬁe?ﬁigt%cvted
signal is |ow According to the invention, a delay Qetgctli_oc{}..fug‘.on
de- nodul at @b esEEmaticonpen s using the deiay 4¢58F PPy ersT Ty T e
recei ving systens; a plurality of instantaneous phase detecting
circuits forypeetecting an instantaneous phase fromthe out put of each of
the plurality of receiving systens; a plurality of operating
circuits for operating a phase difference in one synbol section fromthe

out put of each of the plurality of instantaneous phase detecting circuits;
a conbining circuit for conbi n_i%ﬂ%@qﬁe&% urality of

operating circuits; ) a delay detection _circuit faor conducti. eryar
di ffusi on type . defagdipglyi iisni armceblerr ebHte %‘be’b‘fl%&%?grﬂ}'il%n defay
circuit; and ° - a denodulation logical circuit for conducti

denodul ati ctetection medulatioh system where a sufficient :.mprovenngent effect
of error ratio can be obtained even when the ratio of an i'np'ut'signal
level to a noise level superposed on the received siénal_ is low.

According to the invention, a delaydetection modulation system,
comprises; |

a plurality of diversity type receivirfg gystems;

a plixrality of instantaneous phase detecting cireuits for
detecting an instantaneous phase from the output of each of the
plurality of receiving systems;

a plurality of operating circuits for operating a phase
difference in one sfﬁbol section from the output of each of the
plurality of instaﬁ£aneous phase detecting circuits;

a combining cireuite for combining the outputs of the plurality
of operating circuits;

a delay detection circuit for conducting error diffusion type
delay detection after the combining of the combining circuit; and

a demodt.;la'tion logical circuit for conducting demodulation

/
logical operation.

RRIEF DFSCRIPTION OF THE DBEAWINGS

The invention will be explained in more detail in conjunction
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| ogi cal eperation.

The ihvention will be explained in nore detail in conjupction

showi ng a conventional error diffusion fype del ay deteftio
FIG 2 is'a block diagram show ng a conventi onal delay d ect|

FIG 3 is a block diagr show ng a del ay detection nodul ation
system i n &34k $heprPpendsd éﬁﬁﬁdf‘gént”%%

4 with the appended draw ngs, wherein: FIG1 is chlhlé:ﬁhectﬂé#%ﬁl Wrced

system

L

o™i ng to the invention,

FIG 4 is a graph showing the relation. between bit error, rati r%;o%'lcil DpuL .

| evel of

recei véilSandi8 a cRfeysr| Qlégﬁ?‘bcﬁhﬂ'f”aﬁ? afh SIS g *a

detection nodul ation systemin _a second preferred enbodi nent accordl ng to
the i nventidffusion type delayp@SERFBTPON GF HYE PREFFERED EMBODI MENTS

Bef ore expl ai ni

a
enbodi nent s, égfé?f(?r éfchPLBRE A leghrant

e LB B AT S A,

systemw | | be explained in FIGS. 1 and 2. Referring to FIG 1, the
denodul at | FPSIXERT FYFHSFEnese patent application |aid-open No.8-32640

will be

det ai | ed. In the cqnventiaqnal, dela det ction.syste
o AR

di gi tal nodul at &FGilhsl apRleck d3agT ‘de‘(?ula e§ecﬁp

signal 101, and then the input si gnal converted o xz\ant aneous

phase si gnzfli’s"reé‘bllésénﬂw BTSERTE

i nput to

¢ /07

ﬁt%f??é‘%ﬁ?é“%‘ﬁa@% %’Fm Sn TTUFEen-

FIG.4 is a graph showing the relation between blt__error ratioc

t

and input level of receiver, and

FIG.5 is a block dlagram showing a delay detection modulation

system in a second preferred embodiment according to the inventien.

DESCRIPTION -OF THE PREFFRRFD _EMBONIMENTS

Before expl-ainieg a delay detection demeodulation system in the
preferred en;boé.iments. the aforementioned conventional delay
detection demodulation system will be explained in FIGS.1 and 2.

Referring to FIG.1l, the demeodulation system in Jap:anese patent
application laid-open No.8-32640 will be detailed. In the
conventional delay detection system, a digical modulated signal by,
e.g., DOPSK modulation, ig input as an input signal 101, and then
the input signal is converted into an instantaneous phase signal
representing an instantaneous phase changé., Then, it is input to
a delay circu_i‘t 31 with a delay time of, e.g., one symbol, and then
the input and o(xtput: signals of the delay circuit 31 are input to
a eubtraccer 414. Th'e delay deceetion is cqnducted by outputting
the difference bet;ireen the input and output signals. In the
demodulation system in Japanese patent application laid-open

No.8-32640, the output of the subtracter 412 is input to a

) RRNAC "am ANRCINTE 7 T0 BAGARYR T n stApnYy 1o ATCIT AReT 'agntoan

DTG

BRI EF DESCRI PTI ON CE-—'FHE——DWNGS———‘

NN

P



i nput _and output signals of the delay circuit 341 are inpyt t
41A. The del ay detection is conducted by outputting the{di ff
t he input and output signals. In the %enodulation sys
patent application |aid-open No.8-32640, the output of the subtracter 41A
i s input Getarmination circuit (DET). For example, the detegmipattéom mhtdaom
circuit {DET). For exanple, the determnation of data is conduct ed by
usi ng 2- biig dahaucmeﬂespm‘ﬁijuygztbztPda'&ynbntemng to thpweTarel iphaste
conventional delay detection system the code error ratio is deteriorated
by the out put ofowdveretiar thaatdmventdionelidelhyedeseathol sty1ehe Sip@osssed
on a signal lying between radio waves. In this regard, the denodul ation
system i netapanesetipat endeappioTatedrby athe opetpwo. St 3%&0%&65@%‘@%‘-‘@“
I nprove the delay detéection circuit without adding an error correction
code. Thecidehdyx deteetbi anseiseutd saplenposiqacllfqmlaors-lgy‘-pé ﬂNlMpé?nég@en
patent application |aid-open No.8-32640 is provided with delay circuits 31
to 33 wt kadidekayeisi.nelnfthis gregaxds sym::todm@tsm BySters 181 5apanese
detect phase differences between i nput and output signals of the delay
circuits phtedd apblidsuilonphadd-dipeheNentelzéihagpsopddem, tot feprove the
determ nation.error operating circuits (MOD) 42A, 42B operate an error
bet ween adehayedsitédeiemetrpoipivitthohe akiiagrederrot Berdetayondmidst i Gireand
an ideal phase difference, or operate an error signal by comparing a phase
di ff er encédehaywdenetbéonnpircuin cfliepuor siigrfalss'onotmhé»mmnasm PR elL
33 with a phase point to be defined on I-Q phase plane. Then, weighting by
mul tiplyi appilieasioar 1zidgnapedeoa 6 -3Rrédetisr proretiekwginh detayicimeuits 31
mul tipliers 43A, 43B, phase

to 33 with a delay time of, e.g., one symbol. The subtracters 41a,

a del ay circuit 31 with 'a”o.le'l ay' tlrreof e.g. Onesynboi %Qsﬁeht‘:ﬁ‘ﬂgﬁ #,

41B detect phase differences betwsen input and output signals of the
delay circuits 31, 33 and output phase difference signals. Then,
the déteminé.tign error operating cizrcuite (MOD) 4&2A, 428 operate
an error between a phase difference point to be obtaired in the delay
detection and an ideal phase difference, or operate an error signal
by comparing a phase difference betwveen the input and outpﬁt signals
of the delay cireuit 31, 33 wich a phase point to be defined on I-Q
phase plane. Then, weighting by multiplying the error signzl by a
predetermined weighi: factor at multipliers 43A, 43B, phase
correction values 211, 212 are obtained. Then, an adder 44A adds
the phase correction \:ralue 211 to the first delayed instantaneous
phase signal 102 and. outputs a first corrected instantaneous phase
signal 111, "Similarly. a subtracter ¢4B subtracts the phase
corfection value 212 from the second delayed inetanta'neous phase
signal 103 and outputs a second corrected instantaneous phase signal
112. The first and second corrected instantaneous phase signals 111,

112 are supplied to a subtracter 452 to obtain the difference

/% * ¢ ) :
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éa‘zrwrmé‘;f:"ti"i"'éi'ri"""\':/é"l"ueé 211, 212 are obtained. Then, an adder .M.A_adds__.t-he—ph;se
correction value 211 to the first del ayed i nst-ant aneous | TRI®SHEST HASIBEEN

and outputs a first corrected instantaneous phase si gnzl 111REPL§5ED1' Igtr)Lé,
i nst ant aneous phase signal 1212. The first and second coFkis¥stas Been Replaced
t her ebet ween. The output of the subtracter 45A is supplied

991. Thus, by conducting at | east one phase correction, the

speed. F@r2inabien ahredanpPRI whbr Bhete thp SescHpirafigeidctrbh 6 reui t
for detectin eisr‘ﬁgag%fmeous phases from baseband signals of respective
circuits 5to 8 while diffusing the respective errors, a conbining circuit

a subtracter 44B subtracts®the phase correction val ue he-se
delayed instant-ashecus—phase—sigrat—+o3—anad—outpurs a second corrected
i nst ant aneous phase signals 111, 112 are supplied to a sub{iis
obtain the difference

0 a
determnation circuit (DET) 99, where the determnation of data is
conducted and t he denodul ati on data areéoutput as a determ nation result
det eri or ati oncmafrebeteéed at Tihe Galtphe dinphovedbtraddeautSaddi Bgpahiedracor
correction code, i.e., without reducing the information transm ssion
of error diffusion t¥pe is. applied tqQ a di versitt\g ty:Ee re%eifvi nigP circuit.
As shown in FIRBSXCtpE 388 £R RER PRS2 EA e SUEP ThAEe® SESEERIHT S to 8
recei ving systens 1’ 0 4, delay detection circuits of error diffusion type
22 to 25 for deteghigg s?fe RHbMiRg Qfe R8st NShaNbBREOUS PRATE HEL QLI ON
13 for conbi riewgribeatiout fpliesraf ridie delm@yirpebeed wbDthaitragidihg a3 d¢xxo25, and

a denodul ation logical circuit 15 for denodul ating the out put of the
conbi ni ng corzeccion ceode, i.e., vithout reducing the information transmission

speed. -

FIG.2 shows an example wvhere the above delay decec_tion_ circuit
of error diffusion type is applied to a diversity type re;eiving
circeuit. As shown in FI1G.2, it is composed of instantaneocus phase
detectors 5 to 8 for detecting instantaneous phases from haseband
'signals of re;spective receiving systems 1 to 4, delay detection
circuits of error diffusion type 22 to 25 for detecting the 6utputs
65 the instantaneoys phase detection circuits 5 to 8 while diffusing
the respective erro.r.s, a combining circuit 13 for combining the
outputs of the delay_ detection circuits 22 to 25, and a demodulation

logical circuit 15 for demodulating the output of the combining

circuic 13.

Next. a delay detection demodulation system in the first
:efér:gd embodiment will be éxplained in F16.3, wherein like parts
are indicaze;{ by like reference numerals as used in FIG.2.
4 In the first embodiment, the delay detection demodulation
system comprises receiving systems 1 to 4 for converting a high-
frequency sighal into a baseband signal, instantaneous phase
decectors § te 8 for detecting an instantaneous phase for each of

the receiving systems.1l to 4, phase difference operating circuits

Tc/r 1 RRNEC "ni ANRATIAZE 7 Tf) NACARYT T N wrcavia £I-F aLLY tan 0T



circuit 13. Next a deI ay det ect i'on denmoduiaii oa- system.l N the
first' preferred enbodi ment will be explained in FIG 3 THtS: SHEET HAB eBEENr
are indicated by like reference nunerals as used in Fl{ 2. REPLACED the
first embodi ment, the delay detection denpdul ation syStemecenprises
recei ving %lés*tf%zlo%é)réfti% aROINAIA B8 phabkEandler B vaRCcyyighakcitita ,a
baseband signal, instantaneous phase detectors 5 to 8 for detecting an

i nst ant ane suRhASRs fQkc@3eh19ffot henbeaehyid1e sysuansod fimsk chhage in

di fference operating circuits 7
9 to 12 f@{e GRAKYT G cAA cANDA o eqiaRec Change 1idn foned S{fdmins ect egwer a
conbining circuit 13 for conbining the anount of phase change in one
symbol segf idibret 1iGld @bkl 86mEiKedlidnotdcliof piakushaggarbeaveen mpyciple
correcting the conbi ned amount of phase change between nultiple synbols,
and a derqgid @ & O PG GRhogLLEYEbn 1Dod faicendbal E s ther coadudsiabi the
FIG4 is d graph showi ng the relation between bit error ratio(% and input
| evel of 4 f{ oiown in FIG 4 are a characteristic 17 of the
conventlon del ay det ecti on systemthat is conposed of one del ay
circuitand a sppiragisef gi:QbﬁEHIfadJﬁafg* N0APEESEL ol bé evess ithetrernatnpys) and
out put signals of the delay. circuit, .and a characteristic 18 of the

error di ffasiQpdynewial 3 getesibon SHBLRNLn LHES . 4 seoapabatdactermibtipl e
delay circuits and determ nation error operating circuits(MD) for

oper ati na A Jhasfe donenenetaDedubepn ddrrittoansyotémuthasi dsakempbselieodel ay
circuit and outputting an error signal while weighting. Further, shown are

char act erdrd Besa¥%irfuit and a subtracter for calculating a phase difference

—

S

between input and output signals of the delay circuit, and a
éharacte'risr.ic 18 of the error diffusion type delay de:ection_sys tem
that is ;:omposed of multiple delay circuits and determination error
operating circuits(MOD) for operating a phase difference between
input and output signalg of the delay circuit and cutputting an error
sigpal while weighting, Further. shovn are charactenstzcs 1s, 1¢
in case of the combination diversity that gives a dlversxty effect
by inputting to multiple antennas, receilving, detecting and
combining.
Next., the opexation c¢f the delay detection demodulatioh systemn
in the embodiment will be explained with reference teo PIGS.3 and 4.
Instantaneous phases c_ulf the respective receiving systems 1 to 4 are
detected by the ins tantaneous phase detectors S to B, and then amounts
of phase change in one symbol gection are operated by the phase
diff(erence operating circuits 9 to 12 using the delay circuits, and
the ocutputs are supplied to the combining cireuwit 13. More
specifically, the instantaneous phase difference i{s detected by the

subtracter 412 in FIG.1 as the instantaneous phase detactor 5, and

OO IRINIHTD LV ORI e DL s

This Sheet Has Been Replaced
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I n case. of the conbl natlon d| ver si ty that g| ves a d| vershtly h%f

inputting to nultiple antennas, receiving, detecting a d Replaced
Next, the operation of the delay detection denodul atio rmmle
errbodl ment will be explainéd with reference to FIGS. 3 ous
phases -of the respectlve recei ving sy ens 1 to 4 are detected by the

I nstant angous _phase  det ec te%%%}k{) et%?‘n ase a]fr;oéth LSpe A @565 GRARYE I N

one synbo sec |on are operate erence operatlng circuits

9 to 12 uglyn Cég%eflt-; 5 Sl CHt Taedl gpal}als@edggkgytﬁceatg Sppplisd 19 the

conblnlng Ci Specl e Instantaneous phase

differ en%&&ﬂgﬁ%@%%i Uperatlhs %&t@tlé%zﬁ)n&k% F38.4M1%4 D8 gpkapeous

phase de hen an

error betS I*}?%ﬂp%&‘agg%gﬁp RQLBLa bRa DS d‘itﬁtfékgﬁge'ﬂe dfen Q‘*‘t'ann ut

detectlon ere ce IS operate he deterntnatlon
o, P WG AU R Ll 3 ST ¥ B S pe

I f |
oL, SR 2L by e BAIREcBRY By 0, g e 0L

predeter%‘;@@ ‘Q‘?g ?jﬁ%&mﬁ#&%a% fQEt-.S{- .fr?’péhtehﬂﬁlcﬂ iiSzCQEReCEhS”

val ue 21 Feceiving System

{he basehl oS a0l cRlobGai 65140 o1l e%sl HBGE AfoL NExlAOIL, sagn@t 101

in FIG1 nst ant aneous ase ‘defec S cofposed © e de

circui t gaeaggcwsiagbtgegsﬁfa 38 s LB, gl of%ixfe%&é‘&?v@@eéf&ﬁg%

circuit I'S conpose erntnatlon e€rror operating circult

the mJ'ttel LBka%38 e AEE MR 1Y &FF Fal @, 4tﬂeVﬁ1§@£né&t@o&9r@9§at' On

Al so, wt
decect_or S is composed of the delay cirecuit 31 and the subtracter

¢1A. and the phase difference operating circuit 9 is composged of the
-determinacion error operating circuit 423 and the mulciplier 43A.
The receéviné systems 1 to 4 have the same conmposition. Alsoc., with
the receiving systems 1 to 4, antennas(not shown) to detect radio
wvave from mobile stations are provided apart from each other.
The high-frequeﬁc_y signal supplied to the receiving systems
1to 4 incl\'xdes a noise to be superposed thereon. Therefore, the
outputs of the phase-difference operating circuits 9 to 12 also
include noise errors. The phase difference operation signals to an
amount of phase change in one symbol section including the noise
errors are combined by the combining circuit 13. In the combining
of the cdmbiaing circuit 13, there is provided a signal that the parts
wvhere the pha;e difference operating signals are overlapped is
emph"asized. and .the signal component becomes high level.
The operation of the combining circuit 13 will be explained
belovw. 1In caseof four receiver combination diversity, the combining

»

phase difference € is obtained by using the following expressions:
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the receiving systens 1 to 4, -antennas (not shown) to detect radio wave
fromnobile stations are provided apart fromeach other |y miSShéEhHasBeenReplaccd
hi gh-frequency signal supplied to the receiving systens{ 1 t i

noi se to be superposed thereon. Therefqre, the outputswaf tHWWM[ﬂﬂm
di fference operating circuits 9 to 12 so include noise errors.

phase differenceygpesabi,orn i goatd te an’candunt of cplsdse change in one
synbol- .section including the noise errors are conbined by the conbining
circuit 13. |ngthe?sdnlining *einbhe+conhiinidg <irduiin 63, thereis

provi dedasi gnal* that the parts where the phase difference operating

si gnal s are ovesh&ppeirh §9corrfépsg zed, and the signal conmponent becones

hi gh | evel . The operation of the conbining circuit 13 will be

expl ai nedwhdet By tol i cazcphaodiffecences i nauicpndi imomsthy, radmective
conbining phase difference [err] is obtainedby using the follow ng
expressi pérating circuits 9 to 12, and ¥y to 7 are weight fa@tors determdAckel
+ r22C0S e 2 + r3 C3 + rA2cos64 [err] where [err] to [err] are phase
di f f er encesp é0d hdr aigquutther pasplet ies RSST vevebpefathrgredetving dyswend,
and [err] to [err] are weight factors determ ned depending upon the
respecti ve ®Sk.| erals, othehphaseeddf figraymtsermtplitt Erdn Thes, radpe qhase
di fferences output fromthe respective operating circuits 9 to 12 are
first nmapgesroridg orifpukts Wtd d2 beenflisitemeppedesn ohver t@dxiandthiole t he
ot herhand, the input levels RSSI 1 to 4 of the receiving systens 1 to 4
are A/ D cosisey sétdedrdsinkeconivghtedacndr on tisedther hasdghtliengnphe levels
respective phase differences are determni ned based upon the converted

val ues fIrR88T He te 4 of the receiving .systems 1 to 4 are A/D converted and

the weight .factors 'ﬁsed for weighting the respective phase
differences are determined based upoa the converted values from the
input _1.evels RSSI 1 to 4. Then, the phase differences are, as shown
in the abové expressions, welghted with the weight factors and
combined to output the I, Q values. From the TI.Q values, the
combining phase difference is obtained by conducting tan™?®
conversion.

The phage difference operation signal combined by the combining
circuit 13 ::LS input to the error diffusion type delay detection
circuit 14, where the cbfie error ratio is improved by conducting the
phage correction at }éast one time by, for example. the error
diffusion type delay qétection circuic in FIG.1. The output of the
error diffusion type delay detection circuic 14 is subj'éct to the
determination off data by. for example, the determination circuit 99
in FIG.1l., and then the demodulation of data is conducted by the
den!odulation logical circuit 15 to decect the original data.

Thus, by conducting previously the combining of phase

difference, the noige ratio to the signal component can be improved. -
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inputm.i'.e\./el s RSSI 1 to 4. Then the phase d| fferences arﬁl$

above expressions, weighted with the weight fdctors
the I, Qvalues. Fromthe_l, Q values, the conbini ﬁg phg
obt ai ned by conducting tan[err] conver si on. he phak

oper at-i-on si gnal conbi ned by the conbimdng circuit 13 |s put to the

Al 0 ks | BB BVERERYE CORVR (T b tbﬁéééa“%a&%%eﬁ“t‘%%r Sft?fiasfadﬁn?{l?%e by,
The ﬁﬁf‘gﬁ%eaf'te?ﬁt‘%é% e FEEPBFAghe B a%,?%éﬁéf:'t?onvceé{ Pl g i
Cireuit o8eVEY Pf GONF CRCOTRESdonSHOF 1 G coF CHat 57 S PERGURBAL L5F 1 he
Conduct | nARr GoLBRER9St AEC %ﬂ%*s#ﬁ@dﬁﬁﬁk 225 Brpfef et tiin the i o
10 This PEEGRECBoAER SERCR G rf‘éfﬁgiaetewesﬁlcwfét HETRE &2 RGP

proves thgt the bit error rati ved eve |.evel

recei vBY ‘?%’? 8&?’&% C°N§ﬁ‘ﬁ'ﬁ§g°f‘%ve§\7iél c"lr'}?ﬁl’ft 5| gr’f %‘erat 5y rr]e"c':éﬁn ng

systens 1 g ?hﬁcg IS needed to obptain the error correction and
di f f usi on* ffﬁc the circuit 14 can be i nproved by part of the

he expl & 223%%3?&%1%?%%4 cctRE BTt EREREF o, BRckfeh Mibsone,

conduct eds%byfg cearrf L ' féﬁjcste%bgry&ee gg}gy dz?‘.tfg%%.éorkype delay detection
circuit, whe:;e an error superposed on the received slgnal can be
diffused and.'corrected, thereby preventing the deterio;ation of
error ratio. ' Dhe inprevement in reception sensitivity by the error
diffusion type delay detection is 0.7 dB at the point with an error
-ratici of 1 % 107, Further, when it is applied to the combinacion
diversity, . the effect of combination diversity can Dbe
synergistically obtained with the effect of error diffusion since
the error diffusipn type delay detection is conducted after the
combiniag. |

A delay detection demodulation system in the second pfeferred
embodiment will be explained in FIG.5. wherein like parts are
indicated by like zeference numerals as used in FIG.3.

In cthe gecond embodiment. the delay detection demodulation
system cemprises receiving systems 1 to 4 which are connected to four
antennas for spece diversity and convert a high-frequency signal into
a baéeband signal, e.g., a code signal by DQPSX, instantaneous phase
detectors 5 Lo 8 for detecting an instantaneous phase for each of
the receiving systems 1 te 4, phase difference operating circuits

»

9 to 12 for operating a determination errecr to a phase difference
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circuit, where an error superposed on the recei ved Si gnal can be dif
and_corrected, thereby preventing the deteriorati on eph
i mpr ovenent in reception sensitivity by the error l
detection is 0.7 dB at the“point with an error rat| J\
Further, when it is applied to the conbijpation di ver5|t§l t he effect of
conbination diversity can be synergistically obtained wwth the effect
of err.or dé{&nsi oE Sartectitiee eereiviagd faysicenstyyge 4@6141@“&6'@-@917&@5 rith
conducted after the conbining. A del ay detection denodul ati on system
in the secande pyref dacedr, eahegibiaingwitcyis eXpla pedbiniFy I3 apeans af
| i ke parts are indicated by like reference nunerals as used in FIG 3.
In the secpndsenbhdhgentrothehedebayp et et ithe gdrodutatferensyseparating
conprises receiving systens 1 to 4 which are connected to four antennas
for space giyeastsy asdzgondenkghd grditerpend wnsidiett £pnteondadtdsabandor
signal, e.g., a code signal by DQPSK, instantaneous phase detectors 5to 8
for detectipgrascisst ait apeopAiftaseohorymadal ay detteetionaiidqui Sydt.easdl
to 4, phase difference operating circuits 9 to 12 for operating a
det er m nat§ ofleféd9Tat Do JRgdzalrdeiternas for conducting the demodulation
11 signal of each of the receiving systens 1 to 4 and multiplying with a
wei ght facfgem. theosbtpinpLivhruideldy 8etecminin milwguihelanount of phase’
change fromthe outputs of the phase difference operating circuits 9 to
12, a del ay c¢irgonetd@Dapneimruiddddr ahdr adden Xt icegdectorhecopnierbban af
error diffusion type delay detection circuit 14, and a denodul ation
| ogi cal ciacphasd5dléferenceicsigupl himtdermdihatabnanégwsn phws ®us pama bf tohe
del ay detection circuit 14. '

detect the shift from an ideal phase difference and adqd a correctien

value to the instantaneocus phase. To obtain an inEtantaneous
combining phase from a combining phase difference to be output frr.:)m
the combining circuit 13, a delay of one symbol period ie conducted,
adding a combining signal before the delay and a combining signal
after the delay, then reproducing the instantaneous phase after the
combination.

Next, the operation of the delay detection demodulation system
in the embodiment will be explained with reference to FIGS.; and S.
An amount of phase change in one symbol section for each of the
receiving systems 1 to 4 ig obtained by the phase difference operating
circuits 9 to 12, and then the output is supplied to the combining
circuit 13,

The high-.grequency signal supplied to the receiving systems
1 to 4 includes a noise to be superposed thereon. Therefore, the
oucp(uts of the phase difference operating circuits S t; 12 also
include noise errors. However, by conducting previously the
combining of phase difference, the noise ratio to the signal.

component can be improved as shown by the characteristic 16 in FIG.4.
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The delay circuit 20 and adder 21 conduct the conversion of a phase
difference signal into an instantaneous phase signal to aet@a}tsmemwbénﬁ&place&

froman ideal phase difference and add a correction valug to ! I N\
I nst ant aneous phase. To obtain an instantaneous conbining phk 1. !’
conbi ni ng phase difference to be out put f{gm t he conbi ning circui 3 .
del ay of one symbol period is conducted, dding a conbining signal before
the delay andyg,oopbivtdd eviednale %gﬁﬁ@rsi%‘ald%% e iRERIGOdYGicRG st Iie];o a
i nst ant aneous phase after the conblination. ?\Iex_t, the operation o
the delay dejgetyon dewadyl e&'&%ﬁwkg@effw BE pEbEMA ARG Wi Fkubgon effect
explained with reference to FIGS. 4 and 5. An anount of phase change in one
symbol section chere £AGH OL4 3 vé SE\B‘EX&Q@}:??%&%% ERE%oﬁb'ﬁaQ%%' apde by; Lpe
phase differetce operating circuits 9 to , _and then the output is
supplied to tde.Sopbidd Nge Gid Clidrakteristic T9eidi g f4 equency signal
supplied to the receiving systens 1 to 4 includes a noise to be superposed
t hereon. Therefor ;1 QUELRWL i ol ﬂ;@sseedgf; L ENCR QR A bRESIESMId
9to 12 also i nclf?ﬁacli%‘mﬁzb} s'ettgir_ r%?nguh aowever, Ey %onducfi ng previ ous‘lﬁ%e
conbi ni ng of; phasg, di ﬁﬂfﬂ'&frr 1€ giisiCabeh! 9148 Lk SIANY d COMRA e hAD
be i nproved ias sﬁ%m ;by the c ea“';r actdg%s?t i c616 I n eFI G 4. *
12 Namely, ddita) cy@tedtsddIPe r&d Ol L AL elsCThleV 1609 o3US LSy & 1ying’
which is needed%o_'&(;%?ai-n t he lérror correct{h?_gr? a_n? di ffousi on effect o]TYltnhge
circuit 14 qadede iaHd Q¥RERYRRA! L 9fsutiectOfdi 1A QR rdi¥ bl by fs’yﬁof&”’ﬂ%%rrﬁgd
to the characteristic 19 in FIG 4. :

befors a_nd after by dg:ecting the shift from an ideal phase difference

and adding a correction value to the instantaneous phase,
Accordingly, the output of the combining circuic 13 and the combining
phase difference gxie synbol befere whose timi'n'g is delayed by the
delay circuit 20 are accumulated by the adder 21.

Though the embodiment shown in FIG.S is described as to
four_-receiver combin_ation diversity. the number of receivers may be
other than four. Also, the instantaneous phase instead of the phase
difference may be c.:om.bine&

Also, when the correction of error is conducted to the phase
difference instead of to the instantaneous phase in the delay
detection, the delay circuit 20 and the adder 21 are not necessary.

Further. in the demodulation system where the errors are
mutually corrected between multiple symbol sections and are diffuged
to symbqls lying before and after, another detection system. such
a;: synchroaous éetection system, other than the delay detection may
be applied. i

In the above embodiments. the improvement in error ratio can
be, as shown in FIG:4. obtained even when the level of input signals

from the diversity antennas is low. Thus, the improvement of error
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Meanwhi | e, the conbining phase difference needs to be com‘i“n‘ro-t—he—-
i nst ant aneous phase data since the error diffusion typ det ectl on
circuit 14 diffuses the errors of symbols lying befo S

subject to the correction By synbols lying befor eand t\er

bydet ecti ngt heshi ftfrom ani deal phase difference and

correction value to the instantaneous® phase. Accord ng y the out pu
of the combining circuit_13 and the conbj ni ng g se }dlffergnce one s gb
bef or e’ whosé’attr%i R§Ri B dRTRRAH B 4etY GRFEAPSS 4 PG RE §1XEEH Prﬁf”a?é 5§
t he adder 21. . -. Thou h t he enbodi nent shown i.n Flc%e é des ?9 to
four-recei vBPSCOMDISAZOT0 ﬁf%ﬁ'%‘?tcypetdﬁeaﬁﬁ?&éf:tb?“re i VeR s ‘6??18?
than four. Al so, the instantaneous ase instead of the ghais d| fference
g be_conbFHBE 4615y SEReES L S eHra AL o BFt BEEP DAL OGATPS Y TR LT BEOT Y
t he phase difference instead of to the %*r)l%té&nt aneous ggase i'n the del ai/
det ecti on, PHelLddrgy tdivec Gt S2yeBngetA¥ t5195P8Tn aﬁe%‘%s%‘f‘f/ee delay
Further, in the denodul ati on systemwhere the errors are

corr ect edbeFHEEHMEEt FPPETs $RLBEC stet |T&?§€§ﬂﬁearfé‘r&|htef‘u§‘éélt’*??)es?ﬁ%%?sdﬁﬁ%g
before and after, another detection sysfem such as synchronous detection
system ot hEETENAR St H‘éydé’lea)‘}s&ét &8t FRR HNERSEBappl i ed. In the above
enbodi ments, the inprovenent in error ratio can be, as shown in FIG 4,
obtai ned even when the level of input signals fromthe diversity antennas
is low Thus, the_inprovenent of error

13 ratio can be%}ﬁ@f‘ghst‘it@al’r?v?ﬂﬁ‘é!%éﬁsbfeﬁ&t ResrE ipde Mty TaFmagE to

specific embodiment for complete and clear disclosure, the appended
c¢laims are not to be thus limited but are to be construed as emibodying
all medification and alternative constructions that may be cccurred
to one skilled in the art which fairly fall within the basic teaching

here is ser forth. :
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and the.errordiffusion typedel aydetection In theerror diffusion type

del ay detection circuit, the error ratio can be further inproved by using
five or seven delay circuits other than the three delay circuits shown in
FIG 1. Therefore, further nultiple stage delay circuits .nilisfeciisctte Rphhie

I nvent i-on. Al t hough the invention has been descriibe _

to specific enbodinment for conplete alfl clear disclosure, f,muégwﬁﬂgm
clains'are not to be thus limted but are to be construed as e [ |1
nodi fication and alternative constructions that nay be occurred 1to one
skilled in the art which fairly fall &aliiwsthe basic teaching here is set

forth. 14
CLAI M5 1. A del.ay detection de-npdul ation system conpri Sing: a
plurality of diverd FﬁXWpéeF%%"efr% ﬁ&dég}éféﬁ%;syselemf &OPPELERPEY of

I nst ant aneous phase detecting circuits for ~detecting an instantaneous
phase fromthe Bu?bﬁfa?)%t%a%g PFversitY SVHFaFeFeyViRg s¥8&ePSig syst ens;

a plurality of operating circuits for operating a_phase, difference in one
synbol section #r Bﬂﬂ“t’ﬁélgéﬁ S IS TAREANBPUL PRRSY| LR ERG FIRDI CI AR ARE ateBUS
phase detegting circuits; a conbining circuit for conbining the |

out put s of PEEPECHII2R | 1RSCIATIARAUE PRESR| FERQR tthe outbuf Q€| apchePEcErdd
circuit for, conducting error diffusion type delay detection after the -

conbi ni ng BFUEX % othi TETRE HRL e teRdq

a2 plurality of operating circuits for operating a phase

difference in one symbol section from the output of each of said
ﬁl;;;'alipy of ;i.nata.ntaneouq phase detecting circuits;
- ‘a combining cireuic fo‘r combining the outputs of said pluzality
of c‘:perat'ing circ‘uits;
a delay detdction circuit for conducting error diffusion type °
delay detection after the combini:ng of said combining circuit: and .
a demodulation logical circuit for conducting demodulation

logical operation.

2. A delay detec_tion modulation system, according to claim 1,

wherein:
eaid delay detection circuit diffuses an error caused by a noise
superposed on a received signal by mutual ly correcting between

symb?:l 5.

¢ 3. A delay detection modulation system, according to claim 1,

wherein:
each of said plurality of operating circuits has a mulctiplying

circuit for tuleiplying with a prede:erﬁined weight factor. *

AR
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a denodul ation logical circuit for conducting denmodul ation |ogical

oper ation. 2. A delay detection de-nodul ation - et o
claim1l1, wherein; sai d del ay detection circuit jﬁﬁ%’#ﬁgﬁﬂém
caused by a noise superposed on a received signal by ualiEPLALED ect i g
bet ween - synbol s. 3. A delay detection de-nodul ati on system
according to claim1, wherein: edéh of said plural ig't"xfot‘go‘?%?l“i ng
circuits has a multj |, NGt & £ S&Hk Imd WL amuibhi § 44Ty FATT -& “pFedet er i Ned
wei ght factor. & khQiX{( N 15 4. A del ay

detection de-mdul ati on system according to claim wher ei n: sai d
del ay det &\ TSt™ircuit conducts the del ay detect ichn ;f{\ %%E\é%émogﬁ_ e
phase difference conghi Séi sh eogbudt kgnditetaithe LB S &ols
phase by using %’—b“gﬁg}ggﬁ% t and an adder.

i id ¢ ining circuit in
converting a phase difference combined by said combining c1

: i i I adder.
an instantanecus phase by using a delay circult and an
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