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~of the Invention The present invention relates to an 10 i nf orhBdit6r3003
“transmi ssion nethod and the system More_particularly, the present

I nvention relates to an information transm ssion nmethod and the system
tolerant of. both of rain and fog. In addition, the present invention
relates to an optregl osPaee @%ﬁggﬁg@ﬁssion system and the nethod in which
degradati on of transm ssiqn Ity and circuit disconnection are
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transmittedSis NEPERDfrom an input 25 terminal 3. Then, the signal is
converted to a signal format for optical transm ssion by a signa
converter 5. The opti cal transnltter 6 sends the optical signal to the
air. The opti cHAGRGRGYN poptical receiver 7 in a
receiving 30 station 2 and. cowwgﬁdubfckﬁ@ eheehkiieal signal. The

el ectrical signal is conviéted i nto an, |nfornat|on si gnal Ey a signal
converter 8 and output frofm &FSRPutl?ERFhar ZelateHrtQfixampl e shown
in Fig.1B,10n titefoBbatendi hgastsatiionidn meshgdaknido the tyesamited is

More particularly, the present invention relates to

an information transmission method and the system
tolerant of both of rain and fog. 1In-addition, the
present invention relates to an optical space
15 transmission system and the method in which
degradation of transmission quality and circuit
disconnection are decreased.
2. Description of the Related Art
First, conventional technologies of a
20 first aspect will be described.
Figs.lA and 1B show block diagrams showing
conventional optical space transmission apparatuses.
As for Fig.lA, in a sending station 1, a
signal to be transmitted is input from an input '
25 terminal 3. Then, the signal is converted to a
signal format for optical transmission by a signal
converter 5. The optical transmitter 6 sends the
optical signal to the air. The optical signal is
received by an optical receiver 7 in a receiving
30 station 2 and converted to an electrical signal.
The electrical signal is converted into an
information signal by a signal converter & and
output from an output terminal 4.
As for an example shown in Fig.l1B, in the
35 sending station 1, a signal to be transmitted is
input from an input terminal 3. Then, the signal is

converted to a signal format for optical



I nput froman input termnal 3. Then, the signal is converted to a signal
format for optical 16 DEC 2003 -2 transm ssion by a signal converter 5. The

optical transmitter 6 sends the optical signal to the air. hﬁﬁﬁﬁ
signal is received by an aperture enlarged by a receive apertur gﬁger
in the 5 receiving side 2. Then, the opti€al signal forns an optical inmge
on a receive aperture surface of an optical receiver so that the optical
signal is received by the optical receiver 7. The optical signal received
by the optical ¥eresméssions b0 cosivgma bdcbavan telred.ri cile Sbghakal The

el ectrical si %ngﬁ%ggg\prg %erlcig o.%ﬁg LaformatiQ %Rial o?ccﬁ 115')(?0 . Si gnal

converter 8 and outpu rom an out m nal
above- nent i oned % CBRLFgdr stiigem ! Wh%nr@hempﬁl bazl agi gznredrttumsm tted from

the opti cal trammi@ea bz %e&tecteq\;@ea EPEQLYI eaé% O Vi R {zgg air,
intensity o% receive t | uct uat es (spot I ng, beam bendi ng,
scintillatidn) ’ﬁerf:‘?h‘él?gcéll\‘}il né st AiYhe stReeCPhécalo siemadct f vems naex of

the air changespliecad imbget wat |aortse¢)§l@érapéﬂﬁﬁ&ét e fd i ghty so

that propagatiQp o of -Lhe |1 mfluctuates. Thus, ~there is a

probl emin that%gcl r%&?t gaari &y %@grtg'b%t BheoPPELFRTI 1@ edonecti on occurs

due to 25 ther&nRizednbyonbe blpudiasl i pesebven Fn gane opaaider. It is

possible that iheunlf erbcafvbleny Lt 4ali oo ca0che, deoreased by enl arging
it

the receiye aperture as shown I Mifficult to

prepare a Far g&ctystee Hﬁeaf‘oelle%ll@rdfcal n@g’énﬁérrra{fhén etletri el and
limtation of tsHersileisofohberap@ariditds.an nlﬁbsrﬁﬁﬁibﬁurs@@zﬂ{ls PO in

signal converter 8 and output from an output
terminal 4.
According to the above-mentioned

15 configuration, when the optical signal transmitted
from the optical transmitter is sent to the
receiving station via the air, intensity of receive
light may fluctuates (spot dancing, beam bending, ‘
scintillation) in the receiving station Since the .

20 refractive index of the air changes due to
fluctuations of air temperature and humidity so that
propagation path of the light beam fluctuates. Thus,
there is a problem in that circuit quallty
degradation or circuit disconnection occurs due to

25 the above-mentioned fluctuations even in good
weather.

It is possible that the effect of the
fluctuations can be decreased by enlarging the
receive aperture as shown in Fig.1lB. However, it is

30 difficult to prepare a large aperture due to lack of
image formation technique and limitation of the size
of the apparatus. In the configurations shown in
Figs.lA and 1B, although electrical/optical {E/0Q)
converters and optical/electrical (Q/E) converters

35 are provided, they are not shown in the figures.

Next, conventional technologies of a
second aspect of the present invention will be



Figs. 1A and 1B, although electrical/optical (E/0) converters and
optical/electrical (O/E) converters 35 are provided, they are not shown in
the figures- Next, conventional technol ogies of a second aspect ?f Etgﬁl}
present invention will be 1 6 DEC 2003 -3 described. Conventiona )9

radio transm ssion and an optical space tgansnm ssion are perforned
separately. The conventional information 5 transm ssion nethod wll be
described with reference 10 to Figs.2A and 2B. Fig.2A is a bl ock di agram of
a conventionaldeadrobedansm ssion system and Fig.2B is a block diagram
of a conventional optical C%Q% ?Iﬁn‘g;n ssion_system_1ln a conventional

radio transmi ssion syste Yat Poﬁaéillé)naﬁrar?%m’rﬁf)ﬁf’nf A8fh an
i nput term nal 4 ‘apééﬁéllngpﬂcalmﬂmissﬂfba asiegnadrfsrmegverted into a

radi o signal ofsé@gfgteﬁ§equ%cey tgﬁﬂﬁel%agnfﬁd'l?xf%‘}%%taf or 1002, and sent

15 to the apr via radi 0 transmitter and "an ehha 1004. In a
recei vi ng stat |tb?'f"”1§)'0535f-ﬁé g&fhod d'd#blsbgndﬁslcglrb@(ﬁelmm b;/eaeradlce

recei ver 1007 6 o bfis aPheBRA b@G ﬂeléeseb\i%%}é'cgl r%rﬁ
denodul ated intg or| nal ata (.infor rrat i on signal) | 0 Si gnal
denodul at or 1008 CH h%nB h&f dtraafb%%ﬁl?hantéyéte@bnv@ﬂlﬁhﬁl 2Bpti cal

space transm ssiome syktek dhegram rofFig. @fnvefatanailnfoyiedd Dnsghgaal ) is

input from 25 a4k gggm §?|Stl J) @ sending station 1009. The signal is
converted jnto a signa ? ormat for optical comrunication by a signal

converter 4$10. After thaR, at kensieptaional coadept &dains siopt i cal si gnal
: system, data (information signal) is input frem an

input terminal in a sending station 100l. The
signal is converted into a radio signal of radio.
frequency band by a radio modulator 1002, and sent

15 to the air via a radio transmitter 1003 and an
antenna 1004.

In a receiving station 1005, the sent
radio signal is received by a radio receiver 1007
via an antenna 1006, and the received signal is

20 demodulated into original data (information 31gnal)
by a radio signal demodulator 1008.

| On the other hand, according to a

conventional optical space transmission system shown
in Fig.2B, data (information signal) is input from

25 an input terminal in a sending station 1009. The
signal is converted into a signal format for optical
communication by a signal converter 1010. After
that, the signal is converted into an optical signal
by an electric/optical (E/O) converter 1011 and the

30 optical signal is sent to the air by an optical
transmitter 1012.

In a receiving station 1013, the sent
optical signal is received by an optical receiver
1014. Then, the signal is converted into an

35 electrical signal by an optical/electrical (O/E)
converter 1015. After that, the signal (information
signal) is converted into original signal by a



by an electric/optical (E/0) converter 1011 and the 30 optical signal is
sent to the air by an optical transmtter 1012. In a receiving station
1013, the sent optical signal is received by an optical receiver 1 BLDAZ2003
Then, the signal is converted into an 35 electrical signal by an
optical/electrical (OE) converter 1015._ pfter that, the signa
(information signal) is converted into original signal by a 1 6 DEC 2003
-4 signal converter 1016. Accordingly, since either radio transm ssion or

optical transm gsgRRll $osRAfOF 169RVEntional information transm ssion
the sending 5 station and the receiving station in a radio transm ssion
system only have functi on®GICLEhPhY. ardcreditfiary maddei o signal

respectively, apdahbeissdrdi g séptien1andahhaileciViNg stahien,in a
opti cal space t%ggg have 10 functions of sending and

n%iﬁionlsyst n1on¥¥ ]
receiving an optfical SiQhal DECEFVBPY CTRBREVSS 1y T2 FOPAG A gh
capacity i Af orshétonnt padstilesimacdyvihe eoavamnthi drala Fadosmati on
transm ssion sysig :here | b 151 hat .keeping.reliagble
avail ability and |gﬁ’éﬁg%ilgt“an%é@s‘?érrgn‘l’s'?nfgsug8kga§f€%&tf%‘% Ul Tt TRAELPE, for
real i zi ng hi gh ¥aPaEPEfiviinornetddic t s haral ssesweat iregli v, tamdshhesi on,

since wide bandyéglahngesoars Hecassafye Lheetddihg %,QI I GOIeNgY, band becomres
usual ly high fre uenci band subm | |ineter wave,” m ﬁ | meter wave). This
S

frequency band TR“1&81 sPRACS & FUL M hoWeRr SYTERP Pdrigd @fDpagati on | oss
occurs duelfo rimctiothi of fseeqliongyab@ntecdusSng tard opeCEsBas yghal
provi de a 25 Iagg@pg@{gbglgqnsidering attenuation due to rain.

However, for realizing high capacity
information transmission by the conventional
information transmission system, there is a problem

15 in that keeping reliable availability and long
distance transmission are difficult.

That is, for realizing high capacity
information transmission in radio transmission,
since_wide bandwidth becomes necessary, the radio

20 frequency band becomes usually high freguency band
(submillimeter wave, millimeter wave). This
frequency band is resistant to fog, however, very
large propagation loss occurs due to rain in this
frequency band. Thus, it is necessary to provide a

25 large margin considering attenuation due to rain.

In addition, as for optical space
transmission, it is resistant to rain, however,
remarkably large propagation loss occurs due to
degradation of visibility by fog. Therefore, it is

30 necessary to provide a large margin considering
attenuation by fog.

As mentioned above, the conventional
information system in which only one of radio
transmission and optical spacé transmission is

35 performed is not resistant to rain or fog. Thus, it
is necessary to provide a margin considering rain or

fog so that keeping reliable availability or long



In addition, as for optical space transmssion, it is resistant to rain,
however, renmarkably |arge propagation | oss occurs due to degradaggqﬁﬁayz
visibility by fog.. Therefore, it is 30 necessary to provide a |lar n
considering attenuation by fog. As nentioned above, the conventi onal

i nformati on systemin which only one of rasho transm ssion and optical
space transm ssion is 35 perfornmed is not resistant to rain or fog. Thus,

it is necessary to provide a margin considering rain or fog so that
keepi ng reliabl@lavantabitiriamgmdrs §igmy d6e DEC£20@81t5 di st ance transm ssion
are difficult. SUMVARY OF THE INVENTION It is a first object of the present
5 invention to provide an optical ce transm ssion system an optical
space transm ss el h8daRd JAVEMRIQN| space transni ssion apparat us
which can decrease degradatii@n 20ff it ANSHb$ELNoGURMIet Yo @KL €1 rCui t
disconnectign guen, when the refractive index 10 of the air changes due to
fluctuationd of "{@ %?gtﬁpepéﬁaﬁﬁﬁﬁ%ﬂt?p5$c? eSHAFE Hr3TsSRl Set®Rd obj ect
of the present systaniian tptpcaldi depaare i nfonsaibedohr aRUAES Hid SySt em
and an i nf or matJ.Qn: NSHL SSi 15 res] t to,hoth of rain and
fog. The abovekgﬁ?g%%figﬂgé iggg_ EQgg%léﬁn %?%%??3% Faidhi <3 on system
for transmitti fFCHHH Y ndegsadpitdmra ofertdi aysmbpat anusued ity exed vi ng

appar at us, the dirtfcfuitmtdmgcbﬁﬁe?mi%sﬂt %éy%ﬁgillZQhén%lfg!aQﬂii@ef 'JE'? f
appar at us r ating an__infor ion sjgnal, generating a plurality o
si gnal s in% udgﬁgqgﬁio ??cﬁpaggﬁﬁagaﬁwiﬂt uctuafions” of

temperature and humidity of the air.

A

It is a second object of the present
invention to provide an information transmission
system and an information transmission method

15 resistant to both of rain and fog.

The above object is achieved by an
information transmission system for transmitting
information from a sending apparatus to a receiving
apparatus, the information transmission. system

20 including:

a sending apparatus for modulating an
information'signal, generating a plurality of
signals including an optical signal from the
information signal which is modulated, and

25 - transmitting the plurality of signals via a
plurality of routes; and _

& receiving appafatus for receiving the
plurality of signals from the sending apparatﬁs,
combining the plurality of signals, and outputting

30 the information signal.

In the information transmission system,
the plurality of signals are a plurality of optical
signals or signals including a radio signal.

According to the invention, since the

35 information signal is modulated and can be
transmitted by an optical signal, signal processing

technology such as equalization, diversity combining



informati on signal which is nodul ated, and 25 transmitting the plurality of
signals via a plurality of routes; and a receiving apparatus for receiving
the plurality of signals fromthe sending apparatus, conbining an 2003

plurality of signals, and outputting 30 the information signal. pﬂ%

i nformation transm ssion system the pluglity of signals are a plurality

of optical signals or signals including a radio signal According to the

i nvention, since the 35 information signal is nodul ated and can be

transmtted by wnieRt hgal usiegnaln ﬁa&f@lc@Mf;ﬁi&h&gont Q@}n%@%{ dﬁy_c_@das
equal i zati on, q@¥6r8| conpbining 1 DEC 2003, - are u in radio
communi cation ¢ géﬁ &3t ofh Rt ?ﬁ%ﬁ%ﬂéf?éﬁnoﬂ %% on quality

and circuit dlsnnnmettdmmc@mmémxxhﬁxcﬁmeﬂe dndreiagled ,quald tlyidgk ansm ssi on

can be perforng gyg@ m@ggnqu_ 1&ﬁ{3§¥$' $ #”d?ér%%dt e‘%%éﬁﬁhaﬂ eg due to

fluctuations of enpe ature ~and air
transmi ssi oA byrebracbiven iogexcalf @l@n@iraﬂuaag%a@@ dignal can be

performed, an {nioLgRtseqs! 6%”%@n?p°ébﬂ'm§é’ét§ rﬁﬁhiaqb,gpfbbaw £{ 10 rain

and fog can be rOV|ded The abov ect Is so achi e an optlcal
space transms %?%teﬁﬂpﬁﬁmﬁﬁﬂﬂ%ﬁ%ﬁﬁ%ﬁ%gbyspﬂéh(QfHQQﬁORRﬁ¢%hI space

transm ssi on amoiagraéysalndcanvmtdioarhlgﬁ@x n@&hoﬁespﬁfiiﬂoﬂn{‘éc{) gagadi o 15
nodul ati on S|gnal and he radi o nodul ati on [

t I
S gnal s and o rRerOTAE T as R TERThAR GhY§ BT ERACE FAPInGiA R Th S
appar at us)10recsiiesantiefogt ceal bsi gnalviged. plurality of optical

recei vers which converts ghg QuiRY SEFEO 20s ek echr hedli eVieanaly and

per f or s dlver5|py combi ni ng
ical space transmission system in which a sending

side (a first optical space transmission apparatus)
converts an information signal into a radio

15 modulation signal and sends the radio modulation
signal as an optical signal, and a receiving side (a
second optical space transmission apparatus)
receives the optical signal by a plurality of
optical receivers which converts the outputs into

20 electrical signals and performs diversity combining
for the electrical signals.

Accordingly, by receiving the transmltted

optical signal by a plurality of optical receivers,
a plurality of optical signals having relatively low

25 correlation can be obtained via almost independent
optical péths. In addition, by sending the
information signal after converting into a radio
modulation signal, radic signal pfocessing can be
applied for baseband processing in the optical

30 transmitters and optical receivers. Thus, recelve
guality can be improved by diversity processing and
equalization.

In addition, transmission capacity can be

enlarged by multilevel modulation and the like.

35 The sending side converts an information
signal to be sent into a radio modulation signal,

divides the output into a plurality of branches, and



for the electrical signals. Accordingly, by receiving the transmtted
optical signal by a plurality of optical receivers, a plurality of optical
signals having relatively low 25 correl ation can be obtained via ahqugczmq
i ndependent optical paths. In addition, by sending the information signa
after converting into a radio nodulation_gignal, radio signal processing
can be applied for baseband processing in the optical 30 transmtters and
optical receivers. Thus, receive quality can be inproved by diversity

processing and cegwadlritZatd Dnals 8ddichicony 4t éHE%“?ﬁ%Q”ogﬁgﬁ%ﬁﬁy.can be

enl ar ged by nuItLIev%] @3§¥ ation and the |ike. 35 The s I ng side

converts an i nf SrH8&G gnafNEPLhE Senf iMtolea} aBlignaBaultat itde si gnal
di vi des the out pitr.i 0trg atlpd usehdiygok i BeadGhesde anghd §p?6§m&§¥%dﬁwwe{ts
signals of the Qe es i.nto optical.. signals and transmts said optica
signals to the Q%?B%HS;A%%mﬁs@%ﬁ?%%lgydggdbﬁQﬂéL?%e ?ﬂ?gﬁﬁﬁﬁhﬁ?esignm
into a pluralitgighaBsandheshe donaechsst hetbd iaghiad Sn@éiulheib:hanchesl into
radi o nodul ati 085 4sihgral s, whi r nt .t he .air_ as tic signal s.
The receiving sigcligﬁraggei@e?\g}% h%%ptg?rzgl I_Egi gﬁ‘taﬁ ;%ﬂ{ oag_gt?églgﬁg 36!9%‘@?153' t he
opti cal signalsTPﬁtSQCQ%&ﬁWgcﬁﬂd%iﬁﬁﬁﬁéyeﬁn@hﬁuﬁnﬁEQQlaﬂdgoeﬁblnes t he
10 el ectrical stggataenwaﬂawﬂdﬁﬂigtQYtﬁgan&?dggﬂgﬁgﬁéiinﬁtof!ur?I|ty of
optical transmitters, .receivin e _signal s_together by one optica
rgceiver, and %%38 AN §H6H%5hiin?% ?ﬁ@a&ﬂf%%ﬁ,aQﬁv%ﬁ@P%9ef5t@€hbining
effect canlfe oblerhedchdr sdglaksality of optical signals having
relatively Iom/correlatiomccdgégﬁ% Stb*”QSH%@%ﬁ“gfﬁHéf@'fBS&hg- In

S §gél s~ sent ter

addition, since the_information
plurality of optica

transmitters, receiving the
signals together by one optical receiver, and
equalizing and combining the output, diversity

15 combining effect can be obtained for a plurality of
optical signals having relatively low correlation
via almost independent optical paths. In addition,
since the information signal is sent after
converting into a radio modulation signal, high

20 quality diversity effect can be obtained by
performing equalization and combining as radio
signal processing.

In addition, a configuration including a
plurality of optical transmitters and a plurality of

25 optical receivers can be realized in addition to a
configuration including one optical transmitter and
a plurality of optical receivers, and a
configuration including a plurality of opticél
transmitters and one optical receiver. Thus,

30 transmission quality can be further improved.

In addition, one or more delay circuits
can be provided for delaying a part of signals in
the branches can be delayed and transmitted to the
air. In the receiving side, the transmitted signals

35 are received together, converted intc electrical
signals, equalized and combined. BAs a result, time

diversity reception can be realized.



converting into a radi o nodul ation signal, high 20 quality diversity effect
can be obtained by perform ng equalization and conbining as radio signal
processing. In addition, a configuration including a pIuraIity1q§099mmﬁal
transmitters and a plurality of 25 optical receivers can be reallzed
addition to a configuration inctuding one-®ptical transmtter and a
plurality of optical receivers, and a configuration including a plurality
of optical transmitters and one optical receiver. Thus, 30 transmi ssion
qual ity can be further ingrseddingladdiegondadnen orf noransgwhiagiocnrcuits

can be provi dedghQL i8¢l WINGE A PRFLcOT o 8i smﬁl&da&iﬁé‘%?ﬁﬁ“&é@éra%gbe.
del ayed and transmtted to the air. In _the receiving side, the transmtted

signals 35 are YRcE!PEd @IydthetlsRenvert Ba thntr¢ ek rieatime §Ral s
equal i zed and combtnedanAmisgiasuldualitp cdhvesesiimpreeedt i on can be

realized. 1.6 DEC 2003 -8 Accordi.ngly, radati.on of. transm ssion__quality
due to effedt of fIuctuatﬁ%gﬁéﬁ%F%é%brgﬁ%gse éﬁﬁ9n§%éﬁ1iﬁpﬂ?§ 8r88d with

respect to tinmelmbormpstory @igyrislkitn yeabehy datche imgdioved. 5 In

addi tion, the senghngr3bfe sGNNI Sa i aLBf ehumtion Signali 40:8f sent into
a radio nodul atjon signal, I vi des. the radjo nnéh ation .signal into a

plurality of brarEh@al, 1atrays LWty of BRrBnghes. AAkIYs exegignel
del ayed signal of td BPaaedt,hetult ipledxe antheedds atel mildrigl exedhsi gnal as

an optical i onaly. dbe Legelui ng 5 de fecelyes Lhe  dprjcal. slgnal and
converts the optical “sign imto an electrical S|gﬁh and Bodafiz88 and
conbi nes the d@ar®Piéahlsisgemalso tHe reaeidiingr Siide meepives ths can be
realized. optical signal and converts the optical signal into
an electrical signal and equalizes and combines the
electrical signal so that time diversity reception
15 can be realized.
| ' Accordingly, degradation of transmission
"guality due to effect of fluctuating path according
to time can be dispersed with respect to time so
that transmission guality can be improved.
20 In the above-configuration, the radio
signal modulation part may include a baseband
modulation part, and a orthogonal modulation part
which orthogonally modulates output of the baseband
modulation part. As a result, the baseband radio
25 modulation signal can be transmitted as an optical
signal. The radio signal modulation part may
convert the output of the orthogonal modulation part
into intermediate frequency band signal or radio
frequency band signal. Then, the signal is
30 converted to an optical signal and transmitted.

The radio signal processing part in the
receiving side may include an orthogonal detection
part which detects baseband radio modulation signals,
an equalizer which equalizes output of the '

35 orthogonal detection part, and a baseband
demodulation part which converts cutput of the

equalizer into an original information signal.



Accordingly, degradation of transm ssion quality due to effect of
fluctuating path according to tirme can be dispersed with respect g) ne
so that transmission quality can be inmproved. 20 In the DEC 2003
above-configuration, the radio signal nodulation part may include a
baseband nodul ation part, and a orthogonad-nodul ati on part which

ort hogonal | y nodul at es out put of the baseband nodulation part. As a
result, the baseband radi o 25 nodul ati on signal can be transmitted as an
optical signal. The radi dnsiaghdthedul thitonagart sigynalkgwecesshegout put

of the. orthogongh ofubative B0 ta €D 8chBLCLIRILALS{ pgepcy band si gnal

or radio frequency band signal 0 converted to an

optical signal GPRVEFhAsAi FPEl.© Wl%ﬁi@nsﬁgﬁaﬁlprO(fce]sfsﬁvagm%‘él@tBn t he

recei ving side feygueakydeaan @t hegonal fé@&;ﬁ@hb?nbaﬁﬁﬂ ahich detects
baseband radi o Jmog latio %ﬂl i zes output of

n s
the 35 orthdgoral " e?gc[alloﬁ % tl%{hop%rBa‘gJBbﬁﬁdde& ?o?\af)%P?nﬂhl ch
converts out putsifnaheoutsgual ifzem ithe fnequegtpakoinvfeartat j can si gnal . 16
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frequency conver converts a radio | ation sig
internedi ate fdeRehE9IbRA tor argHid b@%@]’@l@ﬁ@ydﬁaﬁduml@rbmm‘gonal

detection part w/bhicellil geheeks st mtlgﬁﬂgt}aﬂdthél 8§ah19ulhuti fypm4 he frequency
converter,lan nag ich %ua i zes #t put of the orthogonal

detection part,® a5Bh8RE3 g‘r?dHLﬁJa‘ﬁ% part which converts output of
the equalizer i nto an 10 bccgmcﬂajnglm,orwm:n oneseimahg Agadrgad ngly, when

recei ving optiGalgnsi 8ngkarsetbn LOBAM LA by 8hrqREcal transmtters,
the signals can be equalized Hl )
transmitters, the signals can be equalized and

combined by using the equali:zer.

15 _ - The diversity radio signal processing part
may include a plurality of orthdgonal detection
parts which detect baseband signals received by the
optical receivers, and a baseband diversity
equalization combining part which combines outputs

20 of the orthogonal detection parts.

The diversity radio signal processing part
may include a diversity combining part which
combines signals of intermediate frequency band or
radio frequency band received by the optical

25 receivers, a frequency converter for output of said
diversity combining part, an orthogonal detection
part which detects a baseband radio modulation
signal output from the frequency converter, an
equalizer which equalizes and combines output of the

30 orthogonal detection part, and a baseband
demodulation part which converts output of the
equalizer into an original information signal.

In addition, the diversity radio signal
processing part may include a plurality of frequency

35 converters which performs frequency conversion for
signals of intermediate frequency band or radio

frequency band received by the optical receivers,



conbi ned by using the equalizer. 15 The diversity radi o signal prpeegiang
part may include a plurality of orthogonal detection parts which. detect
baseband signals received by the optical receivers, and a baseband
diversity equalization conbining part which conbines outputs 20 of the

ort hogonal detection parts. The diversity-1@di o signal processing part may
include a diversity conbining part which conbines signals of internediate
frequency band or radio frequency band received by the optical 25
receivers, a fregdeaAcpaceinserd editersduypatjuafl izaitdi owli v@fi5i hYngophirt.ng
part, an orthogonal detectd |, C . S-a_ basepband_radi o

nodul ation signal outputH?%gﬁ??ﬁ%E??ggugﬁggaggkﬁkﬁF%F, i Eéﬁalizer whi ch
equal i zes and- cbbFRBSddatsutt FaLeRcBOPBREhogotdle detdios i bnegaeheyand a

baseband denpdvirdieaypahic WHEh CoAVEr ES r OMb RY In @ EJEEOGSHEEEE?BPj”tO an
ori gi nal in%orn@éion siﬁnal. In addition, t diversity radio signal”’

he
5° FRRFUGE™ P IANAI 7T yed¥rat r 84denSPMBR Wver TBEs whi ch

processing part Ay In
perforns frequdeyekandedsiver Siory ségual 5z of ibat eorrdidtey feguency band or
and a baseband S VErSTES Sqban ARl Oh SERFRE AT Y Ay
combi ni ng part ROTLRHBS| Bher mediiawn frafgienegmband ngr, tithe: reell ectiequency
band may i ncl udembpelhgf 6F R AL AldLi £0RBIBEAGNg 5 Bl ecthon conbi ning
or equal gfbn<%ggg§ggg-dThe baseband y;gsltx equal’i zat i on combi ni ng part
equal i zes a plurality of “bASER: S Zabhgh FEPPIME'S A TaxiP¥im rati o
conbi ni ng, the getlard¢ oadapbntvienidey ioridihef equhbciaitypeordidtinger&81 the 10
baseband di ver sddnb B0y 4L 1GYTOI N0 PALL+TBY gecision feedback
type transversal Combining diversity may use an
adaptive algorithm for determining tap coefficient
15 of the transversal equalizer. The adaptive
algorithm may be the RLS algorithm, LMS algorithm
and the like.
_ The above-object is also achieved by an
information transmission method used for
2Q transmitting information from a sending apparatus to
a receiving appératus, the information transmission
method including the steps of:
the sending apparatus modulating an
information signal, transmitting the information
25 signal which is modulated to the receiving apparatus
via a plurality of routes as a radio signal and an
optical signal;
the receiving apparatus receiving the
radio signal transmitted from the sending apparatus
30 and outputting a first signal, and receiving the
optical signal transmitted from the sending
apparatus and outputting a second signal; and
the receiving apparatus combining the
first signal and the second signal, and regenerating
35 the information signal.
According to the invention, since the

information signal is transmitted by two systems for



I ncl ude adaptive decision feedback type transversal conbining diversity.
The adaptive decision feedback type transversal conbining di vers“ﬁy ETBZ%U:S
use an adaptive algorithmfor determning tap coefficient 15 of eD
transversal equalizer. The adaptive algorithmmay be the RLS al gorithm
LMS algorithm and the like. The above-obj¥ct is al so achieved by an

i nformati on transm ssion nmethod used for 20 transmitting information froma
sendi ng apparatus to a receiving apparatus, the information transmi ssion
met hod i ncl udi ngh¢ headieps igmalt mnd el ngprappadatsignadddrad | tige an
information si ghgbnalsans® Wivig d N6 LSR5 PREHOIN23 nY gnale W £l 1S

nodul ated to the receiving apparatus via a plurality of routes™as a radio
signal and an YPATEAN . sPYRA YhaTe RS Vi HEIRPPESr dudheedeivifgstams radio

signal transnitiedldrgelyhetsendiatednpes ateiSra3f and r PWihag a first
signal, and.receiyi he_optical signal transm.tted fromthe sending
appar at us and osult%rh{'?i %a gggeégr{@e?ﬂgn%ﬁe%%ﬁ efhe g‘@&fie\%]'c}fge'appar at us
conbi ni ng the fiesissigneal tandotthe cfecomioh sigdafpgandnr égenesatdwngd . 35 t he
information signalyqdeeobdl NE W LR nuantd Ny i.nformation
signal is transm ta% ed by two gystems dfor 1 %?@%aégzég;t[ﬁ%let e radio signal
and the opticalS%i%Haf &Rl phéendiadd Pyarea Hn verdi £99conbined in the
receiving statdoamuvest Wwanqoae iafy dgnads iMpthocivpySyshamsisylargely
att enuat ed, due to,rain ort%og, .otgﬁ:ﬁ 5 signal is not |argely attenuated.
8% din a

Therefore, 1 °r eSiFAHEE" 9 0t Bt nd fog can be inproved. In
addition, even when the sThpalisfofrmatadnvtransmission method may

further includes the steps of: '
the sending apparatus dividing the
information signal into a first signal part and a
15 second signal part;
wherein the sending apparatus transmits
the first signal part to the receiving apparatus as
a radio signal, and transmits the second signal part
to the receiving apparatus as an optical signal.

20 According to the invention, transmission
capacity can be doubled by transmitting different
signals by a radio transmission route'and an optical
spaceltransmission route.

The above-object is also achieved by an

25 information transmission method used for
transmitting information from a sending apparatus to
a recelving apparatus, the information transmission
method including the steps of:

selecting one of a first transmission mode
30 and a second transmission mode,
the sending apparatus dividing an
information signal into a first signal part and a
second signal part, modulating the first signal part
and the second signal part;

35 controlling the sending apparatus such
that the first signal part is transmitted to the
receiving apparatus as a radio signal and the second



systens are attenuated by rain and fog, conmmunication quality can be

| mproved by diversity- 10 conbining the signals. The information

transm ssion nethod may further includes the steps of: the send|ﬁb5DECZUM
apparatus dividing the information signal into a first signal part and a
15 second signal part; wherein the sendingjapparatus transmts the first
signal part to the receiving apparatus as a radio signal, and transmts
the second signal part to the receiving apparatus as an optical signal. 20
Accordi ng to theignadntjzon, is aﬂsmsm@nedcamaeirte/ £éde Deidgubl ed by

transmtting di I signals b d|o tr ssi gn ute ,and an
optical space %P§n2%335|5%3r%%t%gt*ﬁ3 ab & g% gh%lgbr35h|eved by an
25 information tran§ML§§kﬂnrmm¢©dlassdléamedransn1tt|ng i nformation from
a sending apparatus 10 aJfeky] NonaPRAEAUSITP A AFSRLEOB ERANSM SSi on

met hod i ncl d|n the steps of: I ng one st transm ssion node
30 and a se ond ﬁ§n§ﬁ@S§Qﬁ?§ﬂﬁkﬁoﬁhélgéﬁélﬂ@ éﬁ@ﬁﬁﬁl@i@@vtﬁlﬁgean

i nformation si gﬁ@behﬂ’tl@lga afpﬁasltat_swnaiaparbl%&(élélt;se&.@nﬂoﬁgga' part,
nodul ating the f ;td5| é&%{ and the second signal part; 35

control l'ing the gﬁ dfg aﬁp S Eﬁ%ﬂsm%ﬁéﬁoph§QH§%na gl OBhifails
transnitted to thensméssiivmgappanahes ahea skading signedmbssibhemsaeond 16
DEC 2003 -12 S|mﬂage@gr HS transmtted to the rece|V|ng apparatus as an
optical signal en the first transm ssion node is selected; controlling
the Sendl ng appar at us Sucﬁhe IECElVlng apparatus multlplex.‘Lng the

first signal part and the second signal part when
the first transmission mode is selected; and

the receiving apparatus diversity-
combining the information signal which is

15 transmitted via the plurality of routes when the
second transmission mode is selected.

' According to the invention, a first
transmission mode in which transmission capacity is
doubled and a second transmission mode in which

20 communication quality is maintained can be used
selectively.

In the information transmission method,
the first transmission mode may be selected when
transmission routes between the sending apparatus

25 and the receiving apparatus are in a first condition, -
and the second transmission mode may be selected
when the transmission routes between the sending
apparatus and the receiving apparatus are in a
second condition which is worse than the. first

30 condition.

In this method, the condition of the
transmission routes is, for example, magnitude of
propagation loss (or atmospheric attenuation) in the
transmission routes. The loss can be judged by

35 receive level of the receiving station for example.
A condition in which propagation loss is relatively

small can be called a first state, and a condition



5 that the information signal is transmtted to the receiving apparatus
via a plurality of routes including a radio transmission route and

optical transm ssion route when the second transm ssion node is shgﬁéﬁémﬁ
10 "the receiving apparatus nmultiplexing the first signal part and the
second signal part when the first transm-s3+on node is selected; and the
recei ving apparatus diversity- conbining the information signal which is 15
transmtted via the plurality of routes when the second transm ssion node
is selected. Atvowdiied todgmgatnient ions asf iredta ttinenlsyr 5srge aade bien
whi ch transn1ssb9@lg@p%pgg&dﬁh doubled and a second transmni ssion node in
whi ch 20 communication quality is maihntai ned-can be used selectively. In
the information transn ssP&FdEtHod, tot hhef Lnyentrigmsnivwseontivede may be

sel ected when ¢b5aASHISSI QR cgacﬁs @P&M@ﬁmsk%nsafﬁar&gl@yp@éﬁtt!é 25 and the
recel ving a%par(gt ugéare in a rst condition, t he second transni ssion

node may be>sel EdwﬁgnQﬂﬂ?%m%ﬁ%h?%sgbﬁfﬁéﬁpésﬁﬁﬁRﬁiﬁl@%easéﬁéﬂﬁg
apparatus and thEaﬂEﬂéBEhﬁ@ mmﬁﬂéuaﬁdaaﬂ bptaca&e@@aiéxxxhﬁ$ﬂﬂs§@bﬁh i's

worse than the {] ndkyém1 3 netgog t he, condition of the
transni ssi on rou es |s exanpl e hﬁbﬂltﬁae 8t 95°%bagation 1 oss (or
at nospheric att@Wwavn@ﬁﬁtnnmﬂqyahitwwmassbenmaoutesnéﬂubyoss can be

j udged by 35 re@@éz‘(@mh%‘iﬁb ehd Q%f&ﬁ@éﬂ H §&g?1a9nvf . A
.condition in which 6 gggpglon 0SS IS re ativ can e called a
n

first state? antPRrt af &5 e DRRO - EBaPﬁmmlsé-r?"prltﬁjh‘g%tﬁ%ﬁ loss is

relatively | argeheavpbécal space transmission route.

The above—dbject is also achieved by a
sending apparatus including:

a radio signal modulation part for

15 modulating an information signal;

a radic signal transmitter for
transmitting the information signal which is
modulated as a radio signal; and _

an optical signal transmitter for

20 transmitting the information signal which is
modulated as an optical signal.

According to the invention, since the
information signal is transmitted by two systems for
the radio signal and the optical signal and the

25 signals are diversity-combined in the receiving
station, even when one of signals in the two systems
is largely attenuated due to rain or fog, other
signal is not largely attenuated. Therefore,
resistance to both of rain and fog can be improved.

30 " - The sending apparatus may further
includes:

a signal conversion part for converting
the information signal which is modulated to a radio
signal of an intermediate frequency band;

35 a frequency conversion part for converting
frequency band of the radio signal to a radio
frequency band;



called a second state. According to the invention, when the conditi,o Es
good, transmi ssion capacity can be 5 doubled by transmitting differéH?ﬂ C 2003
signals by a radio transmi ssion route and an optical space transm ssion
route. When the condition is not good, conmunication quality can be

mai ntained by transnuting the informationldrgnal via the two 10 routes
which are the radio transm ssion route and the optical space transm ssion

route. The above--object is al so, achieved by a sending apparatus
including: a radio signal HodWhaiFBA FAFNForCOMEeRDHRN aPPAG 4194 nf or mat i on

signal ; a radi ocengraltinganshnettedibok ign=ansod tthagihhermabayat i on signal

whi ch is nodul r.adi Lgnal ; _and _an optical signal transmtter

for 20 transni?%géggﬁé}iéﬁﬁﬁn%éi%ﬁ ?PgﬁﬁgiMﬁ%ﬁp? * nodul ated as an

optical signal. AccordingA@cerdingvent the, isivevetidme, &hhoemat isdryrsdignal

s transmitied by LEo LB {07 cnbhe1badla Shgdle A0t thEnoRLIGal signal
in

and the 25 signals are diversjty-conbined i1 e recelrving station, even
when one of si gREFE™ET the adkP sy59BfAd offs indrgared latenfiseadedda to rain
or fog, other Bbagdal iits beajoned gehNecatbenugt adb herL£f@Eeicer €si stance to

‘ncl udes: 35 a SPBRSFoRhe SLibHoba  SHBPRedn bt i TREChnPBERESN
si gnal which isfrpdukeaced dhaagtal bstécgnal refdian fr¢@uerdiyabantr eguency
band; a fregueneyecenversiion Pt 081 cOBKSRLINRG . fraguencybgnd of the
radio signal to_a radio . . !
performance can be improved.
The sending apparatus may further
includes: _
a digital signal conversion part for
15 converting the information signal to a digital
signal; _
an analog signal converter for converting
the digital signal into a radio signal of an analog
signal format; and
20 an optical signal conversion part for
converting the digital signal to an optical signal.
According to the invention, transmission
power can be decreased by using digital transmission
in the optical space transmission section. Thus,
25 apparatuses can be simpler and cost performance can
be improved.
The sending apparatus méy further
includes: |
a signal dividing part for dividing the
30 information signal into a first signal part and a
second signal part;
wherein the radio signal transmitter
transmits the first signal part as a radio signal,
and the optical signal transmitter transmits the
35 second signal part as an optical signal.
The above-object is also achieved by a

sending apparatus including:



frequency band; 1 6 DEC 2003 -14 an optical signal conversion part for
converting the radio signal of the internmediate frequency band to an
optical signal. According to the invention, since a signal 5 to he Rﬂp#@fd
to the electrical/optical converter becones a radio signal of interned e
frequency band, it becones unnecessary tojgse a device applicable to high
frequency band in which operating frequency characteristic is radio
frequency band as 10 the electrical/optical converter. Thus, cost
performance can be inproved.ndde sebdcrgoappaiat Uoreye faethay bael Ydes: a
digital signal co LS .for 15 converjiing the information signal to
a digital si gngl ;ﬂgr?%ana agggré%%%ﬁ?ncrgﬁégr t‘"’é-ﬁdt fao%ec%?ﬁ%rFFﬁﬂsmﬂﬁélG’F’gi t al
signal into a rB8f8.signal of an analog signal format; and 20 an opti cal

signal conversion, part for sCUWergipgqath _g)iagitt aﬂc}?icg{@idgggan opti cal

signal. According to the invention, transm ssion power  can 88cr eased by
using digital t+%g§ﬁ1“§§i18ﬁ‘ S¥¥ak dpEPcal fdpade strashiBarbnasdcti on.

Thus, 25 appar ateisesdcaighe lsipgdte; and cost performance can be inproved.
The sendi ng appar at us nayrfatérfoh%r. i nci‘udea: a_ _signal dividing part for
dividing the 30 informatidn s gnat ¢ htBoFuUtArdClsiPATS pi?¥ and a  second
signal part; wiee@phathagr &dico fSinptal stgandnphter antd artsari sscbhe fir st

signal part as @idgagiopairgnal ,

10 a control part for controlling the sending
apparatus such that the first signal part is
transmitted as a radio signal and the second signal
part is transmitted as an optical signal when the
first transmission mode is selected;

15 the control part controlling the sending
apparatus such that the information signal is
transmitted via a plurality of routes including a
radio transmission route and an optical transmission
route when the second transmission mode is selected.

20 In the sending apparatus, the mode

. selection part may select the first transmission
mode when transmission routes between the sending
apparatus and a receiving apparatus at the other end
are in a first condition, and the mode selection

25 part may select the second transmission mode when
the transmission routes are in a second condition
which is worse than the first condition.

The above-object is also achieved by a
receiving apparatus including:

30 a radio signal receiver for receiving a
radio signal transmitted and outputting a first
signal;

an optical signal receiver for receiving
an optical signal and outputting a second signal;

35 and

a signal combining part for combining the
first signal and the second signal, and. regenerating



and the optical signal transmtter transmts the 35 second signal part as
an optical signal. The above-object is also achieved by a sendigg
apparatus including: 16 DEC 2003 -15 a node selection part for s @(EEIZ%
one of a first transm ssion node and a second transm ssion node, a signal
dividing part for dividing an 5 informatigop signal into a first signal
part and a second signal part; radio signal nodul ation parts for '
nodul ating the first signal part and the second signal part; 10 a control

art for controlthegihbhermendiong sipfes pt us such that the first signal part
is transmtted as a radi Qp%i nal and the second sign is transmtted
e

al _ part
as an optical signal when F95511 19 aMRRFERH e q‘g”sré?%ct ed; 15 the
control part comebhdiéag the sendi ng apparatus such that the first signal

part is transmtted as a gagi,@eSighal @ﬂﬂ-t eggnd sianal; part is
transmtted _as an_optical si gr_lael ﬁlenct e ﬁ??gt %tgrgar?ger% ssﬁonn&rr%?:l% P

sel ected; the Gont¥ostphFenedissdian mpdae2rendi Agcoaghdrzanamssshonhat t he
information sigralejs transmtted via a plurality of routes including a

radi o transm ssion route agd an O%Lqi cal, transm ssion route when the second
transmi ssion node i s sel eCL8FEI2F AT HHet sehtPRglappsr &, S8 ¢ Rode
sel ection part signakl @ce nhétiplstxdd arsemn Sshenf irgde twhersm 1 SaS6Hh SSi on

routes between g S@dgggecggae}_r atus a_gadtﬁifgfeﬂi ﬂ%la%%acf t.us at the
an el'e

other end _are in a first condition, " t'he node ction part may
sel ect thel8ecHfFHAnshy23} oA Zfodd Waienity-combined by the signal

combining part when the second transmission mode is
selected.

In the receiving apparatus, the mode
selection part may select the first transmission

15 mode when transmission routes between the sending
apparatus and the receiving apparatus are in a first
condition, and the mode selection part may select
‘the second transmission mode when the transmission
routes between the sending apparatus and the

20 receiving apparatus are in a second condition which
is worse than the first condition.

By using the sending apparatus and the
receiving apparatus, the information transmission
system can be provided, and the above-mentioned

25 - effects can be obtained.

H WI
Other objects, features and advantages of
the present invention will become more apparent from
30 the following detailed description when read in
conjunction with the accompanying drawings, in
which:
Figs.lA and 1B is block diagrams showing
conventional optical space transmission apparatuses;
35 Fig.2A is a block diagram of a’
conventional radio transmission system, and Fig.2B

is a block diagram of a conventional optical space



the transm ssion routes are in a second condition which is worse than the
first condition. The above-object is also achieved by a rece|V|ng1§DEE2mﬂ
apparatus including: 30 a radio signal receiver for receiving a

signal transmtted and outputting a first signal; an optical signal
receiver for receiving an optical signal_gnd outputting a second signal;
35 and a signal conbining part for conbining the first signal and the
second signal, and regenerating 1 6 DEC 2003 -16 the informati on signal.
The receiving appahamdsSmmnfsygﬁ@m i ncludes: a node selection part for

selecting one of 5 a fir%I Q?nsn155|f gna and a cond transm ssi on
mode; wherein the first sigifal® ahtl ¢ hRIeEE0AE29E3gh Qﬂ%ﬁ?ﬂﬁ?lplexed when
the first transeksspor ofpde fiir sel ecbedinand bﬁeﬂhawﬁréﬁ@mal and the 10

second si gnal aigvgh¥§gﬁ|3¥lqgg?ectéhgg?%ggx ?naltlc g%%ggh art when t he

second transm ssion no V|n t he node
sel ection part #§ BepPeédechdrf ittt reomswingi enatsSomde when transnlsS|on

routes between the sendl ng»lgamoal@tysbﬂpgktgga @%ﬁ,‘l \élhr'bgd arp({)aa(@t us are in a

first condition, gﬁt e node sel ection part he second

transni ssi on noWERHRER Phe theards S| grbod bneas Qétﬂ@@1ﬂ4ﬁ§%%ﬁdlng
appar at us amjtimwéﬂtieﬁeuhlmmﬁﬁﬂﬁﬁﬁﬁt§lﬁt? bR 3pTaeand cykih i #Pe Wi Ch

IS worse thantgg%fﬁ §v18ogd| qﬂme%@ i pgtgggdqu apparatus and the
10 Fig.5 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters
are provided in the sending station (2);
Fig.6 is a block diagram showing an
15 example of the first embodiment of the present
invention in which plurality of optical transmitters
and plurality of optical receivers are provided (1} ;

Fig.7 is a block diagram showing an
example of the first embodiment of the present

20 invention in which plurality of optical transmitters
~ and plurality of optical receivers are provided (2);

Fig.8 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters

25 are provided and a part of sending signals is
delayed (1) ; ’

Fig.9 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters

30 are provided and a part of sending signals is
delayed (2);
Fig.10 is a block diagram showing an
'example of the first embodiment of the present
~invention in which plurality of optical transmitters
35 and plurality of optical receivers are provided and
a parf of send signals is delayed (1) ;

Fig.11l is a block diagram showing an



recei ving apparatus, the information transm ssion system can be g Ew %IB:
and t he above- rrentloned 25 effects can be obtained. BRI EF DESCRI PN

THE DRAW NGS O her objects, features and advantages of the present

i nvention will become nore apparent from 30 the foll ow ng detailed
description when read in. conjunction w t he acconpanyi ng drawi ngs, in
which: 35 Figs.1A and 1B is bl ock diagrams 'hovm ng conventional optical
space transm ssion apparatuses; Fig.2A is a block di agram of a

conventional radio transm ssion syste and s a block diagramof a
convent i onal op?%%%?igpg?eﬁ%%@%%% é%?"??ﬁﬁ?%\ §? IM&RISHF Eig-3 is a

bl ock di agram showeéngien iexarpleh gflwardlisy efbogitientl ofrdhemptesest

i nvention in i f | C r Llvers 5. _are rov1 |n t he
receiving stawﬁor?fljl ﬁ#g?%lilfs%a%bﬁg%%l [ abrg‘%ngségve\nrr? aarne exa ‘Igll g $he
first enbodi merdt mrth@fpls@gléhtﬂqriarﬁ/fenw ofdelayedi dR)plurality of opti cal
transmtterg are provideg ;i 1t2h%§ed1ddﬂ9cﬁtéghﬁgaﬁll)sfholﬁrﬁ%ga§ is a block

di agram showi ng an exanple of the first enb resent
i nvention in wWi*3per 8|fl Eeoff it @PQd HASREL Pér $heamraveRtded in t he

sendi ng stationd@dntFog. 6ni shd i ok ¢fhepeam ﬁh@hﬂsﬂﬁtaé’ér I exanpl e of the
first enbodi rrent of tr R elent i nvention.in which plurality of optlcal
transmtters and prarafPey *SF ofE%dlt $% Jc%?@e?gdaﬁedﬁtidw d‘é’ér‘f‘i'} Fg. 7 is
a bl ock di agrammshowiag an teeamgnaliofg tdeatiest enbodi ment of the present
10 Figs.13A and 13B are block diagrams
showing radio signal modulation parts;
Figs.14A and léB are block diagrams
showing radio signal processing parts;
Figs.15A-15C are block diagrams showing
15 diversity radio signal processing parts;
Figs.l16A-16C are block diagrams shoﬁing
diversity combining parts; _
Figs.17A-17C are block diagrams showing
baseband diversity equalization combining parts (1);
20 Fig.18 is a block diagram showing the
baseband diversity equalization combining part (2};
Fig.19 is a block diagram of an
information transmission system of an example 2-1 of
a second embodiment of the present invention; '
25 Fig.20 is a block diagram of the
information transmission system of an example 2-2 of
the second embodiment of the present invention;
Fig.21 is a block diagram of the
information transmission system of an example 2-3 of
30 the second embodiment of the present invention;'
Figs.22A~22C show example block diagrams
of a diversity radio signal processing part 113;
Figs.23A-23C show example block diagrams
of a diversity combining part;
35 Fig.24 is a block diagram of the
~ information transmission system of an example 2-4 of

the second embodiment of the present invention;



20 invention in which plurality of optical transmtters and plurality of
optical receivers are provided (2); Fig.8 is a block diagram show rhg ﬁp
exanple of the first enbodi nent of the present invention in whi ch 160D 2003
plurality of optical transmitters 25 are provided and a part of sending
signals is delayed (1); Fig.9 is a block_ggagram showi ng an exanple of
the first enbodi nent of the present invention in which plurality of
optical transmitters 30 are provided and a part of sending signals is

del ayed (2) ; Fig.10 is afbi@czsdiggaagb%ﬁwt&% mafﬁéﬂp%ﬁo%n he first
enbodi nent of the, gr sent inventign in lch plurality o 5
transnitters 35°4M S‘Il@rgalqﬁilt%? %gt?lééFrllé’Eé'll\Pé‘r s“h’r%‘:}b?évﬁ édaaﬁ‘d a part

of send signal s6Dé§ deleayedddigationlloks anbhkaek pheysgar sbAWrBgtran 1 6

DEC 2003 -18 ex | nbodi nent of the present invention in
whi ch plurali tyggﬂ:gltgftég&t;r a%@én%ft ers and plurality of optical receivers

are provide® and a part dfigembhigmdl 26Bsadel Mtén(ﬂ)iCSdEégriﬁsi s a
bl ock di agram sgpui,RggaRw i E Sfatbs Ekr %qjtm nthe present
ica

invention in which apnoptical transmtter an Fecei ver are
provi ded and a YEFEGhesr 0% and efovwlied Pﬁopﬁgé@éﬁm nkP $3% atlohhe10

Fi gs. 13A and 13Brepeghkaek diagianss §@pa\tnﬁe&§dl1%r$je9naén&mdu| ation parts;
Fi gs. 14A and 14B are bl ocg. di %g; g radi o si gnaIH{)rocesm ng parts;
Fi gs. 15A-15C are bl ock di °gk gi¢eram & ddi® signal

processi nglﬁartisl}fdirg@tlet&- I&@miﬁmk gy agean® fshowiapmple 2-5 of

~the second embodiment of the present invention.

F DIM
In the following, embodiments of the

15 present invention will be described with reference
to figures. 1In the present invention, a sending
station sends a plurality of signals including an
optical signal, and a receiving station performs
signal processing such as diversity combining

20 processing, so that high quality signal transmission
becomes available. 1In the following, an embodiment
in which only optical signals are transmitted will
be described as a first embodiment, and an
embodiment in which an optical signal and a radio

25 signal are transmitted will be described as a second
embodiment. ’

<First embodiment>
In the following, the first

embodiment which relates to the first object of the

30 present invention will be described with reference

_ to figures. In this embodiment, like reference

numerals indicate like elements throughout the
several views. In this embodiment,
electrical/optical (E/Q) converters and

35 optical/electrical (O/E) converters are not shown in
the figures.

Figs.3-5 show configurations of the



di versity conbining parts; -Figs.17A-17C are bl ock di agrans. show ng
baseband di versity equalization conbining parts (1); 20 Fig.18 is a block
di agram showi ng the baseband diversity equalization conbining part] §2E( 2003
Fig-19 is a block diagramof an information transm ssion system of an
exanple 2-1 of a second enbodi nent of the present invention; 25 Fig.20 is
a bl ock diagramof the information t ransti%ssi on system of an exanple 2-2
of the second enbodi ment of the present invention; Fig.21 is a block

diagram of the _informatjon, tranzg% %}on system of an exanple 2-3 of 30
the second embotiHEhEd of LEfid OFr A2Ch {5 \eft ¢ bRLTEI §EadaRmin sthirBxanpl e
bl ock di agranms plofral iltyeosi bptiadilo teignahi pteeessicn@ parirallBiy of

Fi gs. 23A- 23C Sgﬁfée gprSCQFQ%ESdE%Q¥§$%a?f a4 di versity conbining part; 35

Fig.24 is a bl Iagram o n transm ssi on system of an
exanpl e 2-4 of the secondn éhBO¢Qﬁiﬂwxﬁgt¢mampésemttwnvammxnall 6 DEC
2043 -19 Fi g. 25 45 &nschepat Lo QM%Q %H?%ﬂﬂ“ hi Lates,

di stribution smntches 603 ang ﬁ'propgg%??g%kgogg%iiuQﬁg H?opagat|on
route is rel ati%l3n sedrpls Pﬁgs?‘ PAN A 6B &r epsékadat i ¢ di agrans

showi ng swi t chitiGridmed €6e £5 bbeadipiudautiwn, £ S%Eghsi 0Q3ANEHH6 when
propagation loss in the ropgaatlﬁgtroute Is relatively large; and Fig.27

is a block di agaifi'o Foffat TR T MNEHPESi B8R §9§Feﬂﬂﬁl%ﬁﬂexanple
2-5 of the sea&mixyﬁmmluantbefptbelﬂm@sent i nvention.

DETAI LED- DE$CRI PTI ON CF.:EyEngEEERRED-H@g%%f@%ﬂ;&aknokhgofolIomﬁng,
enbodi nents of the
information signal {data input signal) from an input

terminal 11 is converted into a radio modulation
signal by a radio signal modulation part 12. The
radio modulation signal is converted into an optical

15 signal and transmitted to the air by an opticai
transmitter 13.

In a receiving station 20, the transmitted
.optical signal is received by optical receivers 22,
and 22,. The optical signal is converted intoc an

20 electrical signal'in each of the optical receivers
22, and 22,. The outputs from the optical receivers
22, and 22, are diversity-combined and demodulated by
the diversity radio signal processing part 24. - The
demodulated information signal (data output signal)
25 is output from the output terminal 21.

According to this example, the input
information signal is converted into the radio
modulation signal and transmitted by optical |
transmission. Thus, it becomes possible to perform

30 signal processing used in radio communication field
such as diversity technique and the like. As a
result, communication quality can be further
improved.

In Fig.4, in the sending station 10, the

35 information signal from the input terminal 11 is
converted into a radio modulation signal by the

radio signal modulation part 12. The output is



15 present invention will be described with reference to figures. In the
present invention, a sending station sends a plurality of signals

including an optical signal, and a receiving station perfornms éﬁ%@EEZMB
processi ng such as diversity conbining 20 processing, so that hlgh qual ity
signal transm ssion becones available. Inthe follow ng, an enbodinment in
which only optical signals are transmtted will be described as a first,
enbodi ment, and an enbodi nent in which an opti cal signal and a radio 25
signal are trangiii4ed Whkb Bedescyiped a8 %ﬁ%@%n% {®OL -1 £Fi 1 st
enbodi nent> I n the follomnn t.he first™ empodi ment wﬁich relates to t he

first object of{dhehorgh pF@?eﬁquﬂ%n%ﬁdﬁlﬂﬂﬂﬁdbénGQSGMQNﬁﬁvﬁhﬁ ref erence

to figures. In etamrspeabgﬂbmntm IFi sk, 4ef@]ﬁ@“ﬁﬁmb@b&”@@'cﬁ\#l@i&ﬁtﬁs| i ke
el enent s throquout t he

ex &t Vi e In this _enbodi ne
el ectrical /optitar tEFOfe %o M} s \gﬁhe S%I%ﬁ?PEaFFEIeé‘thﬁqrbaﬁa? FE)
converters éreapnls@@mnoimorbh&ﬂaqyuwm d£v9518n5 shawecdnguialdons of

the 16 DEC 2003 40 éfpdtﬂg ?5%&6%1 * %iggs V|9ge%tat| ec%WQ%Ch a

plurality of op tical 1ransmtrers oF of optlca S are
provi ded. In tW§Wkﬂ¢%mﬁhgnéiﬁnﬁﬁe§0ﬁWﬁrtﬁﬂ|E@IOSEBr@@mﬂQQkHSiqnalmo

optical recei Ve cﬁfﬁ@éthgﬁgsmlert@Lns exanRlf of3,8a RhUEEhLinky 1T Pt i cal
transmtters, }glurallty of optical recei vers.” However, nore opti cal

transnitters orQﬂﬁ optfcal receivers can be provided. 10 In Fig.3, in a

sending st®®ion 10, an iBaohneti amesiaptal c{as Aghapet taiagnal )t fedntan

I nput. the air are received by an optical receiver 22 in
the. receiving station and converted into electrical
signals. The electrical signals are egualized,
combined and demodulated by a radio signal

15 processing part 23 so that the signals are converted
to the original information signal. Then, the
converted signal is output from the output terminal
21.

Fig.8 shows a modification of the

20 configuration shown in Fig.4. 1In the configuration
shown in Fig.8, a delay circuit 16 is inserted
between one of outputs of the divider 14 and one of
the optical transmitters. )

As shown in Fig.8, by delaying the signal

25 output from one of outputs of the divider 14 and
optically transmitting the signal, time diversity
effect can be obtained in the receiving side.
Therefor, transmission quality can be further
improved.

30 The delay circuit can be provided at
another output of the divider 14. 1In addition, when
there are a plurality of outputs of the divider, a
plurality of delay circuits can be provided at
outputs of the divider where delays of each delay

35 circuit may be different. ;

In Fig.5, in the sendlng station 10, an

information signal input from the input terminal 11



termnal 11 is converted into a radio nodulation signal by a radio signa
nodul ation part 12. The radio nodulation signal is converted into an
optical 15 signal and transnmitted to the air by an optical transmgﬂ§F éﬁ.
In a receiving station 20, the transmtted optical signal is receive @
optical receivers 221 and 222. The opticajpsignal is converted into an 20
el ectrical signal in each of the optical receivers 221 and 222. The
outputs fromthe optical receivers 221 and 222 are diversity-conbi ned and

denodul at ed by i4heidivensiintd adi 91 et gnakypeecesym Py 2441 ¥98er
denodul at ed inffénat%?n siqp . (d Ia.guépu{ si%nal 25 i's output fromthe
output terminalt21. BARESr |n}nﬁ) hY 598%aipPE2 LthE G5V ¢ REBRNELI 8n
signal is converaeiloi mbdutlhe iradi ©i gmatubat kadisi gianandnéd@nstibhed by
optical transm.ssiQns,Th ht, bec ssible t.o perform 30 signal
processi ng usegyfﬁtga o %%%n%%?bat?gﬁﬁfggl%heéﬁ%ﬁqagt%i%%rgPPVefggﬁnique
and the |iké. Asrte aesgpticedmaidrat | omdqial trpnear tied ure hehe afpr oved.

In Fig.4, in thy sendbpdiehat tOmdlsi e 85 infofgmtion signal fromthe
i-nput terninalh?ﬁ I s cgnéerted into a radi o hodul atf on signal by the radio

signal modul ation part 12ThfhéraRgritied 1o08tpeelogdynalis Axgded into a
plurality of rad®esibydabgi windeptlikal (Abébowgh bhe isi gnad dscdiviggd into
two in the exqu| . sho i.nFig. 4, the nunper of divisionijs ot Nimted
to two. The pr esentglc?ﬁvgﬁt Fgr? céagljr]lm‘heerTSE%p%cﬁ1 %deESC é:atlha%ql\’l\?){lﬁlivi si ons.
The sane hbPds The weléotrikelf ¢ligne iy axanphesl)zEden caicinad sheé

di vi ded si gnal $idnfo@@nyeEted o &%@%fg@é&f@étﬂ%%‘ siPhOR 1 LA
e

transmtters 131 and 132 and transmtte ) ) )
converted into the original information signal and

output from the oﬁtput terminal 21.
Fig.9 shows a modification of the

15 configuration shown in Fig.5. As shown in Fig.$%8, a
delay circuit 16 is inserted between one of outputs
of the radio signal modulation parts 12, and 12, (the
radio signal modulation part 12, in the example of
Fig.9) and one . of the optical transmitters.

20 As shown in Fig.9, by delaying the signal
output from the radio signal modulation part 12, and
optically transmitting the signal, time diversity
effect can be obtained in the receiving side.
Therefor, transmission gquality can be further

25 improved.

The delay circuit can be provided at
another output of the radio signal modulation parts.
In addition, when there are more than two divisions,
delay circuits which have different delays can be

30 provided at the outputs of the radio signal
modulation parts. ,

Figs.6 and 7 show configurations in which
a plurality of optical transmitters are provided in
the sending station and a plurality of optical

35 receivers are provided in the receiving station.

In the sending station shown in Fig.6, the

output of the radio signal mcdulation part 12 is



to the air. 10 Each of the optical signals transmitted to the air are
received by an optical receiver 22 in the receiving station and converted
into electrical signals. The electrical signals are equalized, g @qﬁﬁ

and denodul ated by a radio signal 15 processing part 23 so that the signals
are converted to the original informationygignal. Then, the converted
signal is output fromthe output termnal 21. Fig.8 shoms a nodi fication of
the 20 configuration shown in Fig.4. In the configuration shown in Fig 8,

a delay circui tdiﬁld&dl S}erttlﬂﬂt @ﬁtwsm £BE & QUM Sl@f atrhf fj gr
shown in Fig dylng the

and one of the og g §B$ tters.

signal 25 outph fione U ptite B?HFHBQM%H%R%OQAi%nﬂf Epgi-dal | y
transmitting thEhSIgnﬁbIMHﬂmbﬂﬂS&ﬁﬁ&lYlnﬁﬁte¢&dﬁaﬁjb£ D@t ned rinfinkhe
receiving side er ef AN/ n qual can he further i ed. 30
The del ay CIFCUI? %gn8%g1%$%€ g%§§ woan69ﬂ3¥ c#IYW%Fﬁ|§F BF‘\i I'n
addi ti on, wlen 1% hkFangmdties wralthy @irohypmh$ optiedivigdesmiater
plurality of delgy i reyi bs C%@lebera%%/@ﬁgné f ;i_zn_ﬂtd i der
wher e del ays of eac delay §5 C|rCU|€'na % ?gg%g%ﬁid% ii/’in t he
sendi ng- statlodDEO an information 5|gnal I nput fromthe |nput tern1na| 11

1 6 DEC 2003 -22 is dividea it laect:éwﬂhgtytafu%lngw SHYw@R ghvi der

Each of the di | | s are .converted t dulatlon |gnal by

radi o signal %%ﬁfgtéoggg ZrtsgﬁileﬂufﬁﬁﬁafﬁaEﬁc tPut ¢ i

converted 5%|ﬂﬁﬁ@#ﬂ%@¥$caﬁlsagda22am¢a:;dmvwmnedtedtboemﬁruﬁical
signals. The electrical signals are equalized and

diversity-combined by a diversity radio signal
processing part 24.
Figs.10 and 11 show modifications of
15 Figs.6 and 7 respectively, where the delay circuit
16 is inserted in one of the branches. According to
the configurations shown in Figs.10 and 11, same
signals are transmitted from the sending station 10
at different times so that time diversity effect can
20 also be obtained in the receiving station 20. Thus,
transmission quality can be further improved.

In Fig.12, the information signal input
from the input terminal 11 is converted into a radio
signal by the radio signal modulation part 12. The

25 output is divided into two signals by a divider 17.
One signal is delayed by a delay circuit 18 and
combined with another signal by a multiplexer 19.
The multiplexed signal is converted into an optical
signal and transmitted to the air by the optical

30 transmitter 13.

In the receiving station 20, the optical
signal from the sending station 10 is received by
the optical receiver 22 and converted into an
electrical signal. The output is equalized and

35 -combined by the radio signal proéessing part 23.
Thus, the original information signal is obtained
and output from the output terminal 21.

’



by an optical transmtter 131 or 132. The transmtted optical signals are
recei ved by an optical receiver 22 in the receiving station 20 and
converted into electrical signals. 10 The electrical signals are enBdEC2603,
conbi ned and denodul ated so that the electrical signals are converted
into the original information signal and -24tput fromthe output term nal
21. Fig.9 shows a nodification of the 15 configuration shown in Fig.5 As
shown in Fig.9, a delay circuit 16 is inserted between one of outputs of
the radi o signal nodul ati é¥9eardisnd 2to ahbie12enfilga ratddino shewal impdul ati on

part 121 in thereyanpl e ol r@cg@)m@@@we@oﬁf stltj%aqptﬂscadltt&l@ém bhers. 20
As shown in Fig. g gé gela the sjignal output fromthe radi o signa
modul ati on part°%2% LVaR ﬁ%%P?t%néﬁtgﬁﬁﬁgeghéQQgﬂﬂﬂtlﬁtﬁﬁeﬁlver5|ty

ef fect can be ohtahnedothe&hﬂnwﬂ&ﬂ&|ﬂggﬁame Thieer efttre duBHSHL 684N

qual ity cangbe { é{t%frJ.%Stlr% %q:eél'he {15 CII‘ glltS %argn %%ﬂgw ded at

anot her output 0 e radi o sirgnal " nodul a
there are nore @9Mapin@d dinvitdiconsce delny etatmpns wmadmﬂﬂmmghyfferent

del ays can be 30uRc oy dedsat,! e QUL 5y Obe L BE:Eaded ST gnal modul at i on

parts. Figs.6 and 7 ShOM/COﬂ |qurat|ons I n which urality of optical
transnitters are provi dedFHAS -t ﬁ@~§€HH|%%Bs§%?W§nC8ﬁé%§WQQF%ﬂm$y° f
optical 35 receiversadie Bﬁ.g\lxbdedlddhléh@ld56098¥tngnSFqusorB 121 the sending

oL on Sgn L £10.S, 80, ey e pEh0 ong il el gt 12
provi ded. As'hﬂaQhefgénbﬁﬁgbgpéuﬁmﬁﬂmmxﬁSF¢g.7

In this configuration, an input
information signal is converted into a baseband
modulation signal including I (In Phase) component

15 and Q (Quadrature Phase) component by a baseband
radioc modulation part 33. Then, the I component and .
the Q component are orthogonally modulated by the
orthogonal modulation part 34. Then, the baseband
modulation signal is output from the output terminal

20 32.

Fig.13B shows the radio signal modulation
part for intermediate frequency band or radio '
frequency band transmission. In this configuration,
output from the orthogonal modulation part 34 is

25 converted into a desired fregquency band by a local
oscillator 36 and a frequency converter 35 and the
converted signal is output from the output terminal
32.

Figs.14A and 14B show the radio signal

30 processing part in Figs.4, 5, 8, 9, 12. That is,
the radio signal processing part is used in the
receiving station which includes one optical
recelver. |

Fig.14A shows a configuration for baseband

35  transmission. An input baseband radio modulation
signal is orthogonally detected by an orthogonal
detection part 43 so that the I and Q components are



the information signal input fromthe input termnal 11 is divided into
two signals each of which signals 5 is transmtted to the air by the
optical transmitter 131 or 132 via the radio signal nodul ation padtb L 208}
122. In the receiving station 20 shown in Figs.6 and 7, optical signals
recei ved by optical 10 receivers 221 and 222 are converted into el ectrical
signal s- The electrical signals are equalized and diversity-conbined by a
diversity radio signal processing part 24. Figs.10 and 11 show

nodi fications obutpufigsaé amd khespecbingehyncnhaeie the geteyp6heayit 16
Is inserted in branches. Accordi,ng to _the configurations shown
in Figs.10 and(%Q?eggn%gggi&ﬁﬁﬁ?%ﬁ%ﬁx?ﬁﬂsﬂFgﬁgd”ﬁ%ﬁnﬁqﬁp%gﬁﬂFnargtation
10 at differemqueahigedoandatcammeneli viey sahy eglubddtzecat 20 alsenbe
obtained in th cel M t hys I SSU grg!' can be
further-inprov?ﬁ%glﬁ %Fggfg%%?hgﬂF%?%?%ﬁ i%ﬁmgﬁg%gﬁyﬁﬁgﬁ?: ro%#%ﬂe I nput
terminal 119 s Yohverh8dordgdngly dnrreaghan by endasahiandigna
nmodul ati on partddmeddbet2bnolaput 455 divided into two signals by a divider

S gnal by 8 ml t1 pl exer 1619 1RE MBI BxEEnELgHAP TG Rr ted i nto an
- optical signalimrerhedhsnit feegueride bandbyrt badapt ifcalqudthdy apsatit t er
ol on' b6 TSRS LAY, 2y e galo SLg% LoBLe ST
el ect ri cal 18i gridttenmrdbatpuf regduaiiry ibawd apy 8he- cedtiondt dyyuemey r adi o
signal processithdal $ 88nveIh@a,ﬂﬂﬁh(Hiﬁﬁ@@bahaf9&%E%h0m§§k9na| s
obtai ned and(¥¥é&ge£é$nkgggeg%%gu% (gﬁgqgllg%éllgscga %tor 47,

The output is converted into the original

information signal by the orthogonal detection part

15 43, the equalizer 44 and the baseband demodulation

part 45. '
Figs.15A~15C shows examples of the

diversity radio signal processing part in the case

where the receiving station includes a plurality of

20 optical receivers as shown in Figs.3, 6,'7, 10, 1t.

Fig.l5A shows the diversity radio signal
processing part for baseband transmission. Each of
input baseband radio signals is orthogonally
detected in an orthogonal detection part 53, or 53,

25 so that I and Q components are output. The outputs
from the orthogonal detection parts 531'and 53, are
equalized and diversity-combined by a baseband
diversity equalization combining part 54. Then, the
ocutput from the baseband diversity equalization

30 combining part 54 is converted into original
information signal by a baseband demodulation part
55 and the information signal is output.

Figs.15B and 15C are for intermediate
frequency band or radio frequency band transmission.

35 Fig.15B is the diversity radio signal
processing part which performs diversity combining

in the intermediate frequency band or the radio




-24 According to the configuration shown in Fig.12, the radio nodulation
signal is divided, one of the divided signals is delayed and nultiplexed
wi th anot her divided signal. Then, the nultiplexed 5 signal is transﬁnmf_t[jtmgg
The signal is equalized and conbi ned in the recei ving station.

Accordingly, time diversity effect can bezgbtained. Figs.13A and 13B shows
configurations of the radio signal nodulation part in Figs.3-12. 10

Fi g- 13A shows the radio signal nodulation part for baseband transm ssion.
In this configufatiqeengn baypdit i nf ormati on si gnal |s converted into a

b band dul at sign (l.n_Phase onen Q
(é;:dﬁgturgDPﬁagegogonLgng%ﬁ&gg ggbggeggn&n qﬁ Qg 59P8 p&Fft%§ Then,
the | conponent 18kgrmadiet® chrponencyabendr tdrogmdaid; yfrmduéat:grd blaynd he

or t hogonal ”Ddubﬁb'9@ﬂ@¥§1€¥1ch@fneghS¥b33%§g@#$%E§j#ﬁ%ﬁgnl%bg%%#$

out put fromthe 8utput termnal 20 3 e radio”s
modul ation YarPbfor T ﬁté’ﬁ%f%?ﬂ%tbsf?@ﬁﬁéﬁ@?dbaliiﬁ%ra rkali @bahdegagnayl band

transmi ssion. |bythi §reemidrayf aﬁdr@xﬂert@klt BYt gk tlQ?c@It@QSQT‘i‘Et@‘}dm ation
part 34 is 25. gnvgrted i nt o ired fre uency ba by a | ocal

oscillator 36 ah Pr dGu&HA? ]ﬁoﬁ%‘ir}?%ra§5 HE dReT c%%i\é%%e@l“m gnal is
output fromt heoouhpgpnlaér mertaelct3520n Fpgst14A.andhk48 st dheghiadino signal

30. processing p [ , t.ls,.,the ra i gnal
pr oges& ng gartgﬁgogrgggllgﬁ t%leg%ar eclelgv?%gal;sqtgétb 5 ei asg%?uaes one

optical recdi vetemeiylasiosnpasta %mm@u@aﬁpéﬁ ffmorrbatg@bmdtpss
transm ssi on. Apnetrmpublbageband radi o nodul ation

Fig.15C shows the diversity radio signal
processing part for performing diversity comblnlng
by baseband.

15 A plurality of input radio signals of the
intermediate frequency band or the radio frequency
band are converted into desired intermediate
frequency signals by frequency converters 57,, 57,
and the local oscillator 58. Then, the signals are

20 orthogonally detected by the orthogonal detection
parts 53, and 53,. The outputs are equalized and
diversity-combined by the diversity equalization
combining part 54 and converted into the original
information signal by the baseband demodulation part

25 55. The original information signal is output from
the output terminal 52. '

Figs.16A-16C show examples of the
diversity combining part shown in Fig.l15B which

o performs diversity combining by intermediate

30 frequency band or radio frequency band.

Fig.l6A shows a configuration for maximum
ratio combining. In this configuration, amplitude
and phase of signals input from input terminals 61,
and 61, are detected by amplitude phase detection

35 parts 63, and 63,. On the basis of the amplitude and
the phase detected by the amplitude phase detection
parts 63, and 63,, the amplitude and the phase are



signal is orthogonally detected by an orthogonal detection part 43 so that
the I and Q conponents are 1 6 DEC 2003 -25 output. As for the | conponent
and the Q conponent, direct wave conponent and del ay wave conponentf Bi(e2003
equal i zed and conbi ned by an equalizer 44. Then, the |I conponent and the Q
conponent are converted 5 into the originajpyLnformation by a baseband
denodul ati on part 45. Fig.14B shows a configuration for internediate
frequency band or radio frequency band transm ssion. An input radi o signal

of the 10 intergedtabellredieniyp bandaer phhe o & fd EBLaCE, band &8
frequency converter 46 and a | ocal

converted into a baseband signal by a
oscillator 47. S‘T’ﬁ@ ﬁgtaﬁutt S %’(ﬁf@%}fearﬁn GRS} i nhe $ATEr RBEISEN
signal by the oatfiogemal ldstedcti orhpart the 43gnthe equal dé@ebidddand the

baseband denodul ati on part. 45. . Fi 15A- 15C shows exanpl gs_of the
diversity radi o signal prg(t:lgs'ss,ll6né; %g?‘f’si A FRQ%&%’&E' Oe?eg?’ﬁe recei ving

station i nchudeseheptipal icopboin X0 opt Leaklseodi wargnadlss shopmti Arbings. 3, 6,
7, 10, 11. Fi geH&A 8HRWS tlhe idianes 561% drafi @1 shggaldet%rcq%e&%%lg part for
gnal's i

baseband transm ssjon. _Each of 1 nput baseband radio si )
orthogonal |y de?®Rt bR SRS RforRArHet 86t i &pd phbt- 53Ther anplitpgesg

Ejhat | and Q cadwosenisnapea raut Be,. a]%lme t@@iéﬁaoﬂr@msl‘»he:@{n{)mggnal
etection parts 532 are ualjz an i versity-conbin a
baseband di ver saﬁsé;&re%gggi ggti% ¥ c%e%b?%#%g pEYE 152 UCH 2T hehe oﬁf’ggérf rom
the basebahll dileweltyiensdl izatsvort3fedonbi hhrgopdputsAdmsninayeéted into
original information sigpay R¥@ Haseband-darodulaliih RS egragnd the

information signal is outgut. L . )
galn combinlng wherein input signals are combined by

the multiplexer 65 and output. ,
Figs.17A-17C show examples of the baseband
15 diversity equalization combining part in Fig.15A and
Fig.15C in which diversity combining is performed by
baseband.
Fig.1l7A shows a configuration for maximum
ratio combining. Fig.l7B shows a configuration for
20 selection combining. Fig.17C shows a configuration
for equal gain combining. In each configuration,
after input I, Q component signals are equalized by
equalizers 73, and 73,, maximum ratio combining,
selection combining or equal gain combining is
25 performed in the same way as shown in Figs.16A-16C.
Fig.1l8 shows another example of the
baseband diversity equalization combining part used
in Fig.1l5A and Fig.15C.
This example applies a decision feedback
30 type transversal combining diversity. The operation
of this configuration will be described in detail in
the following. '
This example shown in Fig.18 is for two
branch diversity (K=2). However, in the following,
35 a case having K branch diversity which uses K
optical receivers will be described.
In Fig.18, the feed forward filters 83,



Figs.15B and 15C are for internmediate frequency band or radi o frequency
band transm ssion. 35 Fig-15B is the diversity radio signal processing

part which perfornms diversity conbining in the internedi ate frequentﬁ[ﬁ@qﬁn
or the radio 16 DEC 2003 -26 frequency band A plurality of input radio
signals of the internediate frequency bandgor radio frequency band are
diversity conbined by a diversity conbining part 5 56. The output is
converted into a baseband signal by a frequency converter 57 and a | ocal

oscillator S8 afd g3, equek) et afh 2AUEbLARS 38 Wakifke L lO00Na!

detection part 53 Thén, the ori gl nal rmati on si I s obtained by

t he baseband 10 aéﬁﬁéuﬁﬂﬂ(ﬁb%aﬁ?eééaahdfé&ﬂﬁn &ﬁwﬁﬁéﬁb éﬁ?pﬁ?rmﬁérnlnm
52. Fig. 15C shops t;bmpcilemerr.s:iéryswesalshsqmaler ioresstng partekar deal

perform ng dlvers i nin bas 15 A pIurallt i nput radio
signals of the ¥ hﬁ }§b§%ﬁ%?$h%q%éﬂeﬁfbﬁﬁdc & AR EHR g?gégigncy band
are convert éed |QEDEGesﬁré¢qmumnmwﬂaanenfraqu@nsﬁgnqﬁuﬂs by frequency

converters 571, 572 and tyy the égfaéngs bgggtg% 84 par s %€§ gngls are 20

ort hogonal | y detected by hogon etectio %2. The
outputs are equ%?FQeélaﬁds%ﬁXMﬁﬁﬁmyhcmﬁhlh@dd&ﬁﬂ&ﬁ?%ﬁv@¢5|e§quuaI|zat|on

conbi ni ng part $#gasd @QJ&VQFd Qﬂelé‘%otillﬂé Qi kgleR@ncd Y OTRLAORi $59881 by
t he baseband degndulatl he original information signal is

out put from B8P put ﬁ eSZPr?F§§°T8A 16E S X8RPl 881 oPet he
di versity é6énbiwmsad parthshdwmlsuéhgtﬂéB whimdhg perdtosscah vieesi ty

combining by I {SLHBALALE The FBF may be symbol time interval of
modulation signal.
In the following description, half of
symbol time is used as the FFF time interval. 1In
15 addition, the following description is for XK branch
~diversity in which K optical receivers receive
incoming optical signals. ‘
In K optical receivers, a radio modulation
signal output from Kth optical receiver is input to

20 the orthogonal detection part (for example, the
orthogonal detection part 53 in Fig.l15A, Fig.15C)
and is orthogonally detected. After orthogonal
detection, the radio modulation signal becomes a
baseband signal having in-phase component (I

25 component) and guadrature component (Q component) .
By sampling the I, Q baseband signals by using A/D
converters (not shown in the figure), sampling wvalue
series of complex baseband signal are obtained and
input to the input terminals 81, and 81,.

30 Since the FFF in this embodiment uses half
of the symbol time as the time interval, when symbol
interval is T, sampling values of complex baseband
signal of T/2 time interval are used as the input
signal sampling series. When assuming that the

35 input signal sampling series at time t=iT in the Kth
branch is input signal vector X,(1i),

XD =1y, (1) v, (3-1/2) oy, (1~ (N-1}/2)] (1),



30 frequency band or radio frequency band. Fig.16A shows a configuration
for maximum ratio conmbining. In this configuration, anplitude and phase
of signals input frominput termnals 611 and 612 are detected by 1 6 DEC 2003
anpl i tude phase detection 35 parts 631 and 632. On the basis of the
anplitude and the phase detected by the | i tude phase detection parts
631 and 632, the anplitude and the phase afe€ 1 6 D E C 2003 -27 controll ed
by anplitude phase controllers 64, and 642 such that the signals are
conbined in th has e si,gn I conbl ned.
Fi g. 16B shows gﬂ%gg}gllﬂur a?inonr}%ﬁ@geserﬁ%f%l o-rge)glgrlﬁgagcl ng ﬁigbé 23 of" %i gnal s
i nput from thet‘i'PlpDPmP@FmOffal%FIBl Bl 6Q2f§rl@l@@tteo}t€ezt¢)§/ Wahil i ¢ fide
detection partst661raRrd c6Gde Pt AIMY | 1080 IREBCH QM dIArd S 66 and 662
control a switch 67 according to the detected |evel such that the higher
10 | evel si gna|r‘?%r§§ue{1% &d3%% the output terminal 62. Fig.16C shows a
configuratién forwgqual=[wyainogorpi nfing- Wher e, J,pppt @ggnal S are conbi ned
by the rmultiplexer 65 an nOlét t. Fl gs. 17A17C exa &
baseband 15 diversity eqddl izatior tondf iRy da a]tn A Iﬁ%’ﬁ\taﬁa UBjrg. 15C
in which diver sihat cofbi anpyt yajderd oroethéyFBFadeband.) Fitpd7Aighals a
configuration f,or ey MEREr ki 9e§9@1glewt%gi ¥y 9- 17B shows a configuration
for 20 selection conbi ni ng shows a configuration for equal gain
conbi ning. In each ddrﬁicbdrlatll)orii (igRperdi apuNs) ], Q corfponemhesiepral s are
equal i zed bg equjaisl zhes ARl rambeYJBZQf NBEF U MTagt IdbeCﬂIrmtmxﬁlg W, B£J ection

conbi ni ng or Eg}gl C ey 5 performed in the sane vvay as shown
in Figs.16A- 16%Lfa El]§ 2 v% ANOt N erza exarrpl e of the
W, (1) [W“ (0) W, (1) W, (Ny)] (4) .

Signal vector X{i) obtained from the
equations (1) and (3) and tap coefficient vector
15 W(i) obtained from the eguations (2) and (4) can be
defined as follows. |
X1 =[X" (1) X,7(i) X,(i)) - (5)
W) =W, (1) W (1) wW,A(i)] (6)
- These are M dimension vector in which M=2N_,+N,. A
20 predicted value W(i-1) obtained at time i-1 is used
~as the tap coefficient to be used at time i. Thus,
input signal y{(i) to the judgement part is
represented as
y(i)= W(i-1) X({i) (7).
25 A pre-estimation error « (i) can be
represented by the following equation by using d(i).
a (i)=d({i)-y (i) (8)
When RLS (Recursive Least Squares)
algorithm is applied by using these variables, the
30 tap coefficient vector W{i-1) can be updated in the
following way.

P(0)=6""I (9a)

W(0)=1[0] {9b)

k(D ={A7P(i-1}X (L} }/ {1+ A X" (L) P(i-1)X (i)} (10a)
35 @ (1)=da(i})-W'{i-1)X (1) " (10b)

W(i)=W{i-1)+k (i) a (i) (10c)

P{i)=A7'P(i-1)-A'k(i)X"(i)P(i-1) (10d)



baseband diversity equalization conbining part used in Fig.15A and
Fi g- 15C. This exanpl e applies a decision feedback 30 type transversal

conbi ning diversity. The operation of this configuration will be descri bed
in detail in the following. This exanple shown in Fig-18 is for t&&EC 2003
branch diversity (K=2). However, in the fgﬁégmﬁng, 35 a case having K
branch diversity which uses K optical recervers will be described. In
Fig.18, the feed forward filters 831 16DEC2003 -28 and 832 (FFF) which

corresponds to gaehliecein ndothe feedhack filter 88 _(FBF) are
formed by conpl ex tt_arlansveeres(ea{{m%l{]f?r’esI g?%&eatnﬁag (ﬁ}ic’t P eaFe ﬁ‘}“th 1 Q
baseband si gnal inhtdh lacenstitiogonall yi 5 alesreel 2dpbsdmivedwtesdi on radi o
signal . Timng apdpehase afy sj LeSq I | .each diversity branch may
be different for each’ si( r%a,l %tr}g t%o Sg%ﬁa]};gﬁ?%ra%ffgrgﬁcga o“fn{?ansm Ssi on
lines- Theref orBtFi&ct ildlally RFVaVSEYRE  c &R @ WP LS aélPAE—FFF such

that timingsit{eodsaarkes eth d8eaEBEnERYL De sSYaheleld "Fﬁ;ri nterval of
nodul ation si g?(%efkgcaggtfoalnam np. descr*(gﬁl on, halé of sgllrﬁ)o time is
used as the FFFETneFAfervall™ i thls LidketBAY CrefHi$Hif hy description
is for K branch diversityacgostiichy Koptheabhbpeeeimeertsi areeki ¢geranéoni, ng
~optical signal ScorhﬂlgxoBraisfé%la_nrde%e:ﬂq/ﬂf’ Po%ggggnﬁoqlg g%élgf] rrﬁ%gnﬂ)rom put
fromKth optical receiver is input 10 X" TRe 8 ogon et ectton part
(for exanple, t$RCBrEA¥EERAIT YIS rENSHCYRFESBENAANG GOIEiNpuF §igse)l and
i's orthogomnal | yfreheehet. opfitiesalordidwgoral . dehaet,i @udie; adi o nodul ation
signal becores éﬁversity combining can be realized.

In addition, according to the present
invention, other algorithms such as LMS (Least Mean
Squares) algorithm can be used as the adaptive

15 algorithm.

In the decision feedback type transversal
combining diversity, transmission line distortion
can be removed by adjusting the tap coefficient by
using the adaptive algorithm for the transmission

20 route including optical space propagation route.
Therefore, distortion in optical space propagation
route such as spot dancing, beam bending,
scintillation, propagation delay distortion and the
like can be corrected so that transmission quality

25 can be improved. '

The key feature is that, instead of
correcting the optical modulation signal directly,
information signal is converted to radio modulation
signal and the radio modulation signal is

30 transmitted, and the distortion of the optical space
propagation route can be corrected by signal
processing for radio baseband signal.

As mentioned above, according to the first
embodiment, the information signal is modulated into

35 baseband signal and transmitted by the air optically
in a communication system in which optical space

transmission is used to connect points. Thus, the



baseband signal having in-phase conponent (I 25 conmponent) and quadrature
conponent (Q conponent). By sanpling the |, Q baseband signals by using
AID converters (not shown in the figure), sanpling value seried ©BEC 2003
conpl ex baseband signal are obtained and input to the input termnals 811
and 812 30 Since the FFF in this enbodi ner Luses hal f of the synbol tine
as the tine interval, when synbol intervat~is T, sanpling val ues of
conpl ex baseband signal of T/2 tine interval are used as the input signal

Cime o T in ChERiRT Brovm ] nett e GRs DO RIS H(D) Yk (D)
Yk'(i-1/2).:.yk?@mTNFl$Fﬁ2¥WlGﬂ@thﬁﬁ @nEﬁEiZG@ROnZQdMuﬂxﬁimY !ndicates
o) ot rhaoanmlungast she (o0 umber ool oERTCIRE oA LeLgplvect o
VKK( 1) =[ WK. i * (0JeqRaF_ERPD. Pf\/\%.riar(fmisa_wn(zylalrlwa@mciiJoirne assuni ng t hat
j udgnent VaEue,distdﬂﬁhné&tibﬂp!dbe\iaid*la'n_lrﬁ)il@hﬁgFBEdiZ)% ;e)na}ﬂﬁlée Si 9”2-') XO(i)
wheroin 10 N ot haPRPRuRELATR i CTapoRoRFFFEARY Wo(1HeLEIORRE | s
represented as AN Igh=fIWB1ityOpptlday lypace WxrahEMB)s slidd)systSignad vect or
1) Gbia e PEER pRaLseb IR il (Do ROH L BN 11 5
(1) = [XOH (i) DAFR (¥y2d@HY (PP CES) SPAFE I Jr o POMSEILPIWERRE DA WEH (i) |
(6) These abe Mah neaispovya@edor in which M2NF+NB. A 20 predicted val ue
Wi -1) obtained at tin?sé&%nhse%%%%iment>
Next, a second embodiment of the present

invention correspdnding to the second object will be

described with reference to accompanying figures.

15 The second embodiment will be described by using
examples from 2-1 to 2-5. Like reference numerals
indicate like elements throughout the several views.

In the second embodiment, the object is
achieved by combining optical space transmission in

20 the first embodiment and radio transmission.

(Example 2-1)
In the following, a configuration and an
operation of an information transmission system of
the present invention will be described with

25 reference to Fig.1l9.

First, a configuration of an information
transmission system of this example will be-
described. A sending station 101 includes a radio
signal modulation part 102 which converts input data

30 {(information signal) into a radio modulation signal
of radio frequency band, a divider 103 which divides
a radio modulation signal into two routes, a radio
transmitter 105 which sends a radio medulation
signal to an antenna 104 to the air, an

35 electrical/optical (E/0} converter 106 which
converts the radio modulation signal to an optical

signal, and an optical transmitter 107 which sends



as the tap coefficient to be used at tinme i. Thus, input signal y(i) to
the judgement part is represented as y(i)= Wi-1) X(i) (7) 25 A 1;9‘]%40
pre-estimation error a (i) can be represented by the foll ow ng equat q;y
using d(i). a (i)=d(i)-y(i) (8) Wien RLS (Recursive Least Squares)
algorithmis applied by using these variabtges, the 30 tap coefficient
vector Wi--1) can be updated in the follow ng way. P(0)=6-,1 (9a)
WO0)=[0] (9b) k(i)=( X -"P(i-1)X(i) } 11+X-IXH(i)P(i-1)X(i) } (10a) 35 a
(1)=d(i)-WH(I - 13 pki hpe3QR) WadaWio L kk(b) 2" (1) (10c) |
P(i)=1-1P(i-1)-X-"Kk(1)XH(i P(|-%g (10d) 16 DEC 2003 -30 wherein the
equations (9a) and (9b) indiTHE B IRAi EFAF1€6ndi%T orficrdes aasmanio
positive real negbéterP@il)o n,m(i\agN ﬁqg@@jigggabr iradilo '%@%‘P'*@riagaﬁ“ x,2 [0)
is zero vector, uations (10a). are s entil al. equations,2. is
forgetting coeﬁl?g?g%t ,ﬁtoa?rfd ﬂ(”(i%gﬁ)"sc?glﬁﬁ CLYEFT ﬁgﬂeﬁf}?ld}\c’&%ﬁ_’ﬂi"ﬁﬁsm t he
above- ment i Snedempepticed, scamslex fasepandadi/ gialctpriocEss{mge) s per f or med
for each diversiiyobtapChigOLBsAONUALLs! OPYL AL oJd; fLpm each
optical receiver, Thus, equalized diversity conbining canbe fealized In
addition, accorth#Ptolphe gresdrfictyimeht fbgnadther ddinporditisradih as LMS

(Least Mean Sqiges) proekistdiMEahbe 180 RS hheadaptiye @i gl gorithm
I n the deci si on f eedback t}oll%eft ranstversal tcorrbl I’%I ng di v_ersll th’
transmi ssion |iTed of st or PP rom two routes 1nto original data

i0 (information signal) by performing diversity
combining and demodulation.

The divider 103 ocutputs a radio modulation
signal to the radio transmitter 105 and an E/O
converter 106. The diversity radio signal

15 processing part 113 performs diversity combining
processing on an output from the radio receiver 110
and an output from the O/E converter 112. The
configuration of the diversity radio signal
processing part 113 of this example will be

20 described later.

Next, an operation of the information
transmission system 100 will be described. In the
sending station 101, data (information signal) input
from the input terminal is converted into a radio

25 modulation signal of radio frequency band by the
radio signal converter 102, and the radio modulation
signal is input to the radio transmitter 105 and the
E/O converter 106 by the divider 103.

The radio modulation signal input to the

30 radio transmitter 105 is sent to the air via the
antenna 104. The radio modulation signal input to
the E/O converter 106 is converted into an'optical
signal, and sent to the air by the optical
transmitter 107.

35 The radio signal which is sent is received
by the radio receiver 110 via the antenna 109 and is

output to the diversity radio signal processing part



can be renoved by adjusting the tap coefficient by wusing the adaptive
algorithmfor the transm ssion 20 route including optical space prpgqggqmgn
route. Therefore, distortion in optical space propagation route such as
spot danci ng, beam bending, scintillation, propagation delay distortion

and the |ike can be corrected so that trapsm ssion quality 25 can be
I nproved. The key feature is that, instead of correcting the optical
nodul ation signal directly, information signal is converted to radio

modul ation s gngh andnl ko A oAl i on shanglede 4T apspythed. and

the distortion of the optical space probpagation rou _ corrected by
signal processth§: f Br LFadisd iHdth ARt 5Fahak 1 9aa lmdrit i xeeelivbdvby abeor di ng

to the first espodeaenteddiedNfOINBlESRELERA iint Jodyl &f e LBLY 35
baseband si gnal and irgnsnltt%f by the air optically 1in a comunication
system in whi ch® bPRRtaPYs i YRR eet ba%i { Ldsedntd tdhrRtechsingd. Thus,

t he 16DEC2063 -Silgsaynak puagessitg tleehdiqee sisgd radl iadi Dgn&0MuUNIi cat i on

such as equal i ' Lversity nmbi ning and the |like can be applied. As
a result, degﬁ%&%??%ﬁgg¥ Pgéﬁs%ﬂggion quality and line 5 disconnection due

to humidity and tenperatufée fagciuatigmsl obutpetaifrcrartie dadieased.
Therefore, a hidhe ki 1y 00BN SPARE ST ARSABIS AR NSt M0 A i O
and”a

quality opti cal é$ace transm ssi on met ho hkgh gqual ity optical space
transm ssi on arﬂj}S FWVEBTEAN lie FTsiHeter EE¥oRATOHIRS Rt BhRext, a
second enbbdi mehitvefsitbe prddentsigrnaleniieOfesoihgspandi na 30 the second

object will be . fesciiRed el ;iLela"eNGE QeR5507R2 Y % dd WY ESinar
déta (information signal), and the data is output to
the ocutput terminal.
As mentioned above, according to this
15 embodiment, the same information signal is spatially
transmitted by using two transmitting systems for
transmitting a radio signal and transmitting an
optical signal, and the receiving station diversity-
combines received signals of the two systems. Thus,
20 if one signal of the two systems is largely
attenuated due to rain or fog, another signal is not
attenuated largely. Therefore, resistance to both
of réin and fog can be improved. |
In addition, even when both signals of the
25 two systems are attenuated due to fog and rain,
communication quality can be improved by diversity-
combining both signals in the receiving station.
(example 2-2)
Next, an information transmission system
30 of an example 2-2 of the present invention will be
described with reference to Fig.20. Fig.20 is a
block diagram of the information transmission system
of the example 2-2 of the present invention.
This example is the same as the example 2-
35 1 basically. However, in this example, the sending
station converts input data (information signal) to

a radio modulation signal of intermediate frequency



15 The second enbodi nent will be described by using exanples from2-1to
2-5. Like reference nunerals indicate |ike elenments throughout thepBEIE] al
views. In the second enbodi nent, the object is achieved by combining
optical space transmssion-in 20 the first enbodi mrent and radio
transmssion. (Exanple 2-1) In the follaowng, a configuration and an
operation of an information transm ssion systemof the present invention
will be described with 25 reference to Fig.19. First, a configuration of an

information tnansd ssignrsysbem afhd hi §,&X N ! . A
sendi ng station 101 includeg a radio signaﬁﬂﬁggﬁﬁgﬁfgﬁ%ﬁgﬁﬁﬁ%%%bﬁﬁich

converts input dift S0 (FATBPRENSN & grievsei afother &Radmd A at i on si gnal
of radio frequency band, andaviséeriHp WU €A ybdesn an agdif Mgyl ghion
signal into t routes, . a radi o trgﬂﬁyit%er 105 which sends a radio

modul ation si grd ¥ &Rt 3Rt eXRL T4 4 Thet i ?, eXA™B4 %l &t 129 opt i ca
(E/0) conve?t ers i@t Wmedulzonver e rtthe Cadionvedtukatinputsidatad to an
optical signal.; gyl [ ransni,tte - Whi s.16 0 E £ 2003
-32 the optica”lngngﬁp%ggéhgggPr}qTﬁgh%%é%i%%%bgg#éppgﬁqﬂﬁ iHcdlites a
radi o recei vePT1iRtintediete| fasaparad dandgnal Aviaeanenant enna 109, an

optical receivebniltdy choseeghvestd FrLpldsdy SEIRRl Blio _
2 which converts a received optica

optical/electrical .(Q.E) converter 11 ‘
signal into anmgﬁﬁﬁ%%%éﬂ %%%ﬂaﬁ,%5qm\Rﬁ%ﬂ%@ﬁ?%ﬂ?ﬂla§ﬁgﬁ§ﬁq%%R%%sing part
113 whi ch Idbnveetrsl rtadimedse ghakguenpyt Hamem two routes into original data
ég mg hﬂf ormtion si gnal) by, periaemig o WSS {dh £0001 01 89 Adncy
converter 205 converts frequency of input radio
modulation signal from the radio frequency band to
the intermediate freqﬁency band. The configuration
15 of the diversity radio signal processing part 113
will be described later in detail. .
Accordingly, by converting input data
(information signal} into the radio modulation
signal of the intermediate frequency band before the
20 data is input to the divider 103, frequency band of
the radio modulation signal input to the E/O
converter 106 becomes the intermediate frequency
"band. Accordingly, operating frequency
characteristic of an E/OQ conversion device which
25 forms the E/O converter 106 is not necessarily
applicable to high frequency band. Thus, it becomes
possible to adopt a cheaper device. This is also
true for the O/E converter 112 in the receiving
station 204.
30 According to this example, since signal
processing is performed such that frequency band of
the radio modulation signal input to the E/O
converter and the O/E converter is converted into
the intermediate frequency band, cost performance
35 can be improved.
(example 2-3)

Next, an information transmission system



The divider 103 outputs a-radio nodulation signal to the radio transmtter
105 and an E/O converter 106. The diversity radio signal 15 processing
part 113 perforns diversity conbining processing on an output frdrf BHe2003
radio receiver 1.10 and an output fromthe O E converter 112. The _
configuration of the diversity radio si g-n_a%_ processing part 113 of this
exanple will be 20 described later. Next, an operation of the information
transm ssion system 100 will be described. In the sending station 101,

data (informati LoRalk ) _of e,.l tern . 1S C efted into
a radi(o 25 mdu‘lg)gt?gnagiaénr%l@g B’ra%?gﬂ%%e Eggggmbgﬁg}%@ﬁé w?%i e_5| gnal
converter 102, ¥RVUCFhBeHadildmIRienpe EPgRaD -i2d -i nglitg 1l t he eadio

transnitter 105 pogktBeagEaQ GaNvierd ernA06mbY ibhe tdiavGers 403, Jherkadio
nodul ation signal | gut to the _fpg-r dllg) transmtter 105 is sent"to the ai
via the antenni ljbﬁ. tHE"PAG & At PBnPERFRAL itRAYRN PN the B/ O

converter 106 is convertedhiint @ammps i Cal thei gamk, aandheenixdmplezair by

the optical tr ] 07. e radj i gnal i is .,sent is received
by the radio relg?%/%%&%ai}\ii a}f&%eeﬂ;en fe?lkﬁrl'ag"_nggg%a }qgn(\%ﬁ“lﬁﬁ_l?% the .
diversity radi csIvphl pFocessiarfFgshrint® @ &igized3si3@alllin Cohéhe ot her

hand, in the recaiying statiem. 108, mdransnihbed gt iGalhsignglais
received by the o tIC§l| LLegeiver 111, converted into an electronic signal
2

by the O E confEttEIP992 Cahd® FE™ME SAMRLRENESspgnihoise Gft piReto the
diversity tadi exxamgmbe¢ 2plocessing part 113. The radi o signal output from

the radio receiver 110 a@g Eh%éﬁﬁ¥ﬂ%5%6%%%08”58Eti;rgwtfk%ormation
transmission system 300 of this example, a digital
modulation part 302 converts input data (information
signal) to a radio modulation signal by digital
15 signal processing, and the radio modulation signal
is output as a digital signal. A digital/analog
(D/A} converter 303 converts input radio modulation
signal from a digital signal to an analog signal. A
frequency converter.304 converts frequency of the
20 radio modulation signal which is the input analog
signal into radio frequency band. A signal
converter 305 converts the radio modulation signal
which is the input digital signal into a signal
format (level, clocks and the like) suitable for
25 optical communication. '
~ In a réceiving station 306, a frequency
converter 307 converts frequency of the input radio
modulation signal from the radio frequency band to
baseband. An analog/digital (A/D) converter 308
30 converts the radio modulation signal which is the
input analog signal into an digital signal. A
signal converter 309 converts input radio modulation
signal into a signal format for diversity processing.
The configuration of the diversity radio signal
35 processing part 113 will be described later in
detail.

As mentioned above, by converting input



O E converter 112 are diversity-conbined by the 10 diversity radi o signal
processing part .113. In addition, the signals are denodul at ed iﬁéo
original data (information signal), and the data is output to tl DB&?%bt
termnal. As nentioned above, according to this 15 enbodi nent, the sane

i nformation signal is spatially transmtted by using two transmtting
systens for transmtting a radi o signal éﬁﬁ“transnitting an optical
signal, and the receiving station diversity- conbines received signals of

the two systens u 0.f,one signal _of the two systens is largely
attenuated due ?%I?a?ﬁéé'.(%ﬁg%%% h%?ggﬁén%F%9§QKﬁyéa.?Eﬂuéﬁe&npéﬁgely.
Therefore, resi%®ahbe~divosidr 1#3y adlhgandlf dgacemibes iopr oved. |In

addi tion, even yhgpchakh sionals t e attenuated due
to fog and raiHM@ communi cation &ﬁ%?%?glcéﬁa%goﬁéﬁﬁﬁsﬁg%g%9ndF?EF%PPy-
conbi ni ng both E?@ﬁalEeFﬁﬁﬁﬂfﬂwﬂﬁﬁ%¥néo§téﬁﬁ@ﬁmlﬁﬁagnmb%CQmeﬁ Newer an

i nf ormat i on St r atisah sghen optSiceil 30 Of BPaBXATRISE o 2O fbe prEgent

i nvention mﬁlllge g%icribed with refergnce to Fig.ZO.Eg%g-ZO Is a block
di agram of t he TATSFA&EP8n ST 5 7ds9 s f ERAUSN hdan@mph@ 2-2 of the
present inventiontefhediextangirequerndye sane.as the exanple 2- 35 1

basically. However, in this exanple, sendi .station converts input
data (i nformation signal)h?8 a réﬁﬂﬁggg%h a Pgﬁdépﬁﬁﬁ'(ﬂti FEPHEdi at e
frequency 16 - P Hakle| fFoFhgcamashe samemharbens pawe mssy gneingo t he.

same conpobent igi tapserahsiie sAM £ 2nd. opBida3eR@Ng station 201 in an
I nformati on tra sm ssion _system.,200 of this_exanple, "an radio 5 signal

nodul ati on part PeonvaPts S OTttat gt Rerefore, the apparatus can
- become simple and cost performance can be improved.

In the following, the diversity radio
signal processing part used in the examples 2-1 - 2-
15 3 will be described in detail. Figs.22A-22C show
example block diagrams of the diversity radio signal
processing part 113. Fig.22A shows a configuration
for performing radio frequency band (or intermediate
frequency band) combining processing for performing
20 radio transmission by the radio frequency band {or
intermediate frequency band) (in the example 2-1 or
2~2). Fig.22B shows a configuration for performing
digital combining processing for radio transmission
by the radio frequency band {or intermediate
25 frequency band) (in the example 2-1 or 2-2).
Fig.22C shows a configuration for digital .
transmission (in the example 2-3). 1In the
configurations, diversity combining processing in
the diversity combining part 401 will be described
30 later.

' In Fig.22A, two input radio modulation
signals of radio frequency band (or intermediate
band) are diversity-combined by the diversity
combining part 401, and demodulated into original

35 data (information signal) by a radio signal
demodu;ation part 402. 1In the demodulation by the

radio signal demodulator 402, the radio frequency



(information signal) into a radi o nodul ati on signal of internediﬁiﬁ
frequency band. A frequency converter 203 converts frequency of It EPQ@?O
nodul ation signal fromthe intermnmediate frequency 10 band to radio
frequency band In a receiving station 204, a frequency converter 205
converts frequency of input radio nodul atgepn signal fromthe radio
frequency band to the internedi ate frequency band. The configuration 15 of
the diversity radio signal processing part 113 wll be described later in
detail. _ Accobdhdghy, doyveanvedttioagbhbpbhndatia (1 asxrahpoa signal) into

t he radi o nodul af }.oc .gnal. of the internediate .frequency band before the
20 data is inpu?h%ogpﬁgﬁﬁgél 3#31 ea¥PRGYeREY Ydmd © “V?%EesaaPBO
nmodul ati on si gnaksehpod tie ttHe EXernpheelt@r 106 becones the internediate

frequency band. Accordi ngly.z; in eque . o istic of an E/O
conversi on devi ce which Zgn?‘/_ol?rlg%e{%éé’ E?%)ééogge?%)r l%gg‘(?s%%gj_fgnecessari |y
appl i cabl e Po HPERULRE&GENSY s Thusadie bseawmed cypdxandl &sto adopt a

cheaper devifeigahbggzédaﬁonti;&iéf&ltﬁ? QhEeQ&Fﬂ%&ﬁﬂ ﬁé@qﬁ@n%?e .
receiving statjon cording to this exa , since signa

processi ng is|ﬁﬁ?%rRﬁd%gﬁc&ﬁﬂ%ﬂeéh%qﬁ%%ﬁﬁrﬁﬁﬁgagg'trﬁp?%di fodul at i on
signal input tosigeaE Os comwentterd ahdté he @fEicanveritpral shgotiver ¢D i nto
the internedi atg,f¢epaugpcyohand.15ast poLforgRNee &%%(ggkéﬁﬁiﬁgﬁoved

(exanple 2-3) Next, an information transm ssron system 003 -35 of
an exanpl el8- 3 ¢mkheedr B¥eit s MASiRT D Wi Fembéniags ®afed O t haneéf er ence
to Fig.21. Fig.ddméSubated into original data (information signal)

by the digital demodulation part 405.

If a signal of the radio frequency band is

input into the A/D converter, load of the A/D

15 converter becomes large. Thus, the frequency
converter 403 is provided to decreasing the load.
Therefore, in the example 2-2, since the radio
signal input to the diversity radio signal .
processing part 113 is already a signal of

20 intermediate frequency band, the frequency converter
403 is unnecessary.

In Fig.22C, two input radio modulation
signals which are digital signals are diversity-
combined by the diversity combining part 401, and

25 demodulated into original data (information signal)
by a digital demodulation part 405.

Next, configuration examples of the
diversity combining part 401 in the above
configurations (Figs.22A-22C) will be described with

30 reference to Figs.23A-23C. Fig.23A shows a
configuration when the diversity combining part 401
performs maximum ratio combining, Fig.23B shows a
configuration when the diversity combining part 401
performs selection combining, and Fig.23C shows a

35 configuration when the diversity combining part 401
performs equal gain combining.

In Fig.23A, for each of input two signals,



bl ock diagram of the information transm ssion system of the exanple 2-3 of
the present invention. 5 This exanple is the sane as the exanpl el B{E{ 2003
basically. However, input data (information signal) is converted into a
digital signal in the sending station. In Fig-21, the sane nunbers are
assigned to the same conponents as those o%éthe 10 exanple 2-1. In a

sending station 301 in an information transm ssion system 300 of this
exanple, a digital nodulation part 302 converts input data (information

signal) to a ragj ?quqghgtugp S?Lﬁfg g ie&ﬁgrfir naI processi ng, and

the radi o nodul atton signa QYnal . A
di gi t al / anal og 2PBPLAXuce\tdra &2 @@BecbmaerpanuﬁﬂlradIm aoditabingn signa

froma digital shgnakue appnMog Ssgaal:on%rofﬂlee%*e&tytﬁg“%er“-er 04

converts frequency_of the nodul at'i on ‘si'gnal StRe® i“nput
anal og si gnal ?%PélFﬁéﬁoamﬂbdﬁéﬁ%? wahgh ArglﬁmﬁectﬁﬁwhWtEheSOS converts

the radio nﬁdul@ﬁp@ﬂt&ﬂ@ﬁ@haé@“é%ht§olb§rbn9@9‘%dﬂﬁfﬂh§tgg nhPL0 a
signal format IeveI cks and_the |ike) suitable for 25 optical

I
communi cat i on. égé YE 1% i 5%93680 élﬁﬂ%$ﬁﬂﬂﬂF°%%ﬁvﬁh?eFa@G7
converts frequenwy bhethegmqmﬁ aeeli comipbdelakingn ctitgnad By oan the radio
frequency band {91+ b d anal og/ di gital (AlD) converter 308 30
converts the rad?o nggnggloéﬁglgnal which is the input analog signal into
an digital signal. A sigA&l FdéehveIB erfaon9eachverft dnmputtwads bgnadisl,ati on

signal intpoa sdgmedthaemals B@téﬂﬁ@ﬂSb§YaﬂﬁQQ%ﬁﬁb”%eté@an§3&$fEHLaé'0”
escri be

Cater in detaifod adéﬂ%nr?gﬁeefib%\{éfe%@é%‘%mi%t PHGApRY B 6 DEC 2003
switching part 505.
.In addition, in Fig.23C, input two signals
are combined by the multiplexer 503 and output.

15 Each of the configurations of the
diversity radio signal processing part 113 may
perform any kind of above-mentioned diversity
combining processing, in which any combination can
be taken.

20 In addition, the radio signal modulation
part and the diversity radio signal processing part
in the first embodiment can be applied to each
example of the second embodiment.

(example 2-4) '

25 : Next, an information transmission system
of the_example 2-4 of the present invention will be
described. Fig.24 shows a block diagram of an
information transmission system 600 of the example
2-4 of the present invention.

30 The configuration of this example is the
same as that of the example 2-1 basically. However,

- in this example, signals are transmitted by using
two transmission systems each of which systems
conveys different signal so as to increase

35 transmission capacity when atmospheric attenuation
is relatively small such as in fine weather, that is,

when propagation loss in transmission routes is



-36 data into a digital signal before the data is input to the divider
103, digital transmssion is perforned in the optical space t randrh B 2063
section. Thus, necessary power for transm ssion beconmes |lower 5 than the
optical space transm ssion of the radio nodulation signal in radio
frequency band and internedi ate frequency_band According to this

enbodi ment, it becomes possible to decread® transmi ssi on power by using
10 digital transm ssion in the optical space transm ssion section.

Therefore,. the rat s can . beco |rrpl cost performance can be

i nproved. In tﬂgi)g Yhg™Mg Her dlﬁ éf‘gy radl esi%ﬁ'éﬁp DHBReESi Agepart

used in the exampisegnzdlt-o Zhel s @nev tdmpendeser iazedHasdglet Al the

Fi gs. 22A-22C s bl ock diagrans of the diversity radi o signal
1a5PiETe %

processing part 11 A shows a configuration for performng radio
frequency band (or inter m§dli @& eserfdiogmentgtband) 0donn Hing. P4 pcessing for

perf or m g, 80, RSl 01b1 8RS SRkAN Ly 10fe F AdiByT DRI PN {Ohes an

i ntermedi ate frequency  band) he exb;g
configuration fHtPper PdBRERY lnd?loglac ale #ﬁb’n@fpﬁé@@s@mg(ﬁw radi o

t ransmi ssi on lba@ﬂ@léadhotmﬁﬁﬂﬁﬁﬂﬁM baW@acﬁobf'@h%r@%$fﬁé32§1&ﬁ§ gency
band) (in the exa 22C shows a caonfiguration tor
digital transm n;?%ﬁp tf)héC érﬁﬂlep Zs%ﬁna n"PHELaLdeM RABEi bR

diversity conblmlmlpcbczagsncmgmml tdeer dli @A scouteonBi mmg;cna{ﬁgwi will be
doscribed 180 \ghue | BELgnEtA W LR oLadhg IBAULALION, elfnale ol

radi o frequency band (or int errre I ate "~ band) are drversi
di versity cor‘rtﬁhﬂ r@lﬁEFﬁbHG}OHaﬁd’lﬁél%cﬁ@%t edtPuts énpgithatadbo dat a

(information singttdJabyon EAENALS §Ala radio transmitter 105 or an
E/O converter 106.
In a receiving station 605, a switching

15 control part 607 controls switching of output
destination of a distribution switch 606, and the
distribution switch 606 outputs an input radio
modulation signal to one of a plurality of diversity
radio processing parts {(two in this case) 113. The

20 MUX/DEMUX 608 multiplexes.signals which are divided
original data signals each of which are‘combined and
demodulated by each diversity radio signal’
processing part so as to output complete original
data (information signal) .

25 In the following, a distribution method by
the distribution switch 603 and 606, that is, a
switching control method by the switching control
part 604 and 607 will be described with reference to
Figs.25, 26A and 26B. Fig.25 is a schematic diagram

30 showing switching states of the distribution
switches 603 and 606 when propagation loss in the
propagation route is relatively small (when
condition of the propagation route is good due to
good weather). Figs.26A and 26B are schematic

35 diagrams showing switching states of the
distribution switches 603 and 606 when propagation
loss in the propagation route is relatively large



denodul ation part 402_ In the denodul ation by the radio signal denodul ator
402, the radio frequency 16DEC2003 -37 band is converted to basepE@ngNBthe

exanple 2-1. The internediate frequency band is converted into aseband
in the exanple 2-2. In Fig.22B, each of two input radio 5 nodul ation
signals of radio frequency band is converted into a signal of internediate
frequency band by the frequency converter~#b3. Then, the signal is
converted into a digital signal by the AAD converter 404_ Then, the

t he diversity conbining part 401, and

signals are diversity 10 .conbined b

denodul at ed i ntgw}b?l? gﬁ:ﬂﬁfilgé?él (‘%%f%?%ﬂ%ﬂag%ﬁap) 9}t g hes dhait dre
denodul ati on pard #@bn bt dosgilgnalHefe heigadie hhagrencye hapdiésd i nput
into the AD ¢ ter, . d of .the A/D 1 onyert ge. Thus,
the frequency q@%ﬁﬁe?ée%kgggmggﬁﬂﬂnﬁ%ﬁﬁﬁfogﬁe¥E8a§#R§ﬁﬁﬁﬁEfoé@£ in
Therefore, in tihe exempieg2s2atdsioncesGhewihtli be shddald inpfdrso t he
diversity radi q st,0nal 0Ga§SisN 113 is,a dy a si |, of 20

i nternedi ate fré%%encyp%g%d?ﬁ?hg f%%ﬁ%%c%§%%%%e% g%' 4§§1ﬁ%ﬂ%h5%%335ary.
In Fig.22C tmé”ﬁhmﬁ ?%@iBwﬁné&MﬂﬁiﬂtYsi@%aPséwﬁh@ﬂzﬂnpqﬁiﬁimm signal s
are diversity- pothd ned3 bynt B edireiesiy n§OSPLRLBE BATS AGL @hd 25
denodul at ed intoJ%%%glna .data &lnfonnatlon si gnal by a digita
dermpdul ati on pdrt .2 NekE 3t BAieFi ety orP@kanple8ads PaREeshird sity
conbi ni ng part p&Glt il 3 hendbaue theanfd Gl abé onsl {EHYS. 22A-x22C) will be
descri bed ywth n Ei.0s..23A:- 23C. _Fi.g. 23A.s a.
configuratpgn\ﬁ%ﬁgfgéggigg?%gtﬁlgﬁﬁélﬁﬁﬁfiﬁﬁ DQOEarﬁegﬁgﬁns maxi mumratio
combi ni ng, Fig.23B shows &S shown in Fig.25, when propagation loss

of the propagation route is relatively small, the
switching control part 604 in the sending station
601 controls the distribution switch 603 such that

15 the first signal part of the information signal is
output to a radio transmission route and the second
signal part is output to an optical space
transmission route. ,

The switching control part 607 in the

20 receiving station 605 controls the distribution
switch 606 such that the signal received from the
radio transmission route is output to the first
diversity radio signal processing part 113 and the
signal received from the optical space transmission

25 route is output fo the second diversity radio signal
processing part 113. That is, in this case,
combining processing is not performed in each

diversity radio signal processing part 113. Only
multiplexing by the MUX/DEMUX 608 is performed.
30 According to the above-mentioned

configuration, when propagation loss in the
propagation route is relatively small so that
condition of the route is good, transmission
capacity can be doubled by transmitting different

35 signals by using the radio transmission route and
the optical space transmission route.

On the other hand, when the propagation



configuration when the diversity conbining part 401 perfornms sel ection
conbi ni ng, and Fig.23C shows a 35 configuration when the diversity
conbining part 401 performs equal gain conmbining. In Fig.23A faqr ﬁ %Qﬁf

i nput two signals, 16 DEC 2003 -38 anplitude and phase are det ectle @ E@

anpl i t ude/ phase detection part 501. In addjtion, anplitude and phase are
controlled on the basis of anplitude and”%%ase whi ch are detected by the 5
anpl i tude/ phase controllers 502 such that signals phase and |evel of the
two signals be ones t he E? and the signals are conbined and output by a

mul ti plexer 503:°%% Hgt BPQQHEQ%R%P%fI?HEEtlﬁméeé%$ﬁﬂ%gy haraspl i t ude
i s detected by ﬂrml$wj.lﬂehdﬁtge@:tdrﬂfrdﬂlar;§§rt5944 andtmeghﬁndﬁv | signal is

out put by a i t 50 | t 23C, u wo signals
are conbi ned b;gt% pel%%l ??%I 8)? aﬂbe Flgf % t‘f’wdft?qﬁ éO:E’
conf|gurat|onssﬁChFMhadlVbemﬂnra&mhxgmagnpérprmsegwnnmnxﬂd 88 nay

per f or m anygKi fo l.ane r YioC I ni ocessing, in
whi ch any conblr}%ac%)]i oﬁp%%ﬁsﬁgg%l s cZ”O%I‘?e a§l:%f:jid TO‘HQ % erlqrcgadl Spsai'%%al
nmodul at i on 251&?%&#@1%ﬁéoﬂhéoﬁﬁﬁeﬁﬂn%tr%mlﬁh@wgnam prigcessi ng peaxt, in

the first enbodﬂH@erf@@hbﬁgaEBHt%lt aela@heo@X%Dh:ﬁeofsemﬁrﬁgecond
enbodi nent . (exa Next, an information transm ssion system of the

exanpl e 2-4 of % ﬁﬂ%s@%% FﬂV@ﬁP%ﬁw?ﬂqId%ﬁ¢rﬁ€§EFPﬁe&wqﬁﬁfZﬁp%homs a

bl ock di agram @fucdn that the second signal part is output to.the
10 radio transmission route and to the optical space
transmission route as shown in Fig.26B.

The switching control part 607 in the
receiving station 607 controls the distribution
switch 606 such that the first signal parts received

15 from the radio transmission rbute and the optical
space transmission route are output to_the first
diversity radio signal processing part 113 as shown
in Fig.26A. In addition, the switching control part
607 in the receiving station 607 controls the

20 distribution switch 606 such that the second signal
parts received from the radio transmission route and
the optical space tfansmission route are output to
the second diversity radio signal processing part

113 as shown in Fig.26B. The first signal parts are

25 combined by the first diversity radio signal
processing part 113 and the second signal parts are
combined by the second diversity radio signal )
processing part 113.

. According to the above-mentioned’
30 configuration, when the propagation loss of the 7
. propagation route is relati&ely large so that the
condition of the propagation route is bad, the same
~information signal is sent by using the radio
transmission route and the optical space

35 transmission route, and diversity combining

processing is performed in the receiving side.

Therefore, communication quality can be maintained.



I nformati on transm ssion system 600 of the exanple 2-4 of the present
invention. The configuration of this exanple is the same as thatg@E(QH03
exanple 2-1 basically. However, in this exanple, signals are transmtted
by using two transm ssion systens each of which systens conveys different
signal so as to increase 35 transm ssion capacity when atnospheric
attenuation is relatively small such as in fine weather, that is, when
propagation loss in transmssion routes is 1 6 DEC 2003 -39 relatlvely
small. In Fig.24, the (Zamnpglibess) are assigned to the same conponents as

those of the exanple 2-1. 1n a sendi tion 601 in, Fi
nultiplexer/denultiplexerWﬁ%&d P%éﬁa l@ﬂﬂﬁféﬁﬁm+ﬁﬁg?nsﬁgﬁ§ﬁm1nto a

plurality of sighakbe @mnmpkﬂgﬁﬁﬁsofnthblpré&@ﬁm iEaedn ofotiheidilvibéed
Signals |s outBULeLopthe J ad] o oLanal IOPY! BHLoD PAT e 402 A gt i ng

control part 604 controls swtc out destlﬁ%tlonlgf a
di stributi o® swierkedsaggmn QﬂmﬁM|smfDDEﬁt@@HmMH&ﬂﬁMﬁHBLmnpaystemput

adio modul at | 980Sbenak kSRl £ 51 BRSEE! P el 0Ty AbenEL Ghconver o

106. In a receiving station 60 a switching 5 contro art 7 controls
swi t chi ng of out put destuﬂﬁq(ﬁ*%ﬂp%?d%§tP?B&Fﬁ&ﬁ%ﬂﬁﬁ%ﬁﬁ@@% agnghefe

di stribution swfchh606xawiple 2-an i nputthadi exa u;l ats@é\tﬁbﬂaababﬁ one of
a plurality of i [ radi roces ar.t n this case) 113.

The 20 M e BB iTe: SRR TERETLORER 3P dredGioting, FEPRAPTdat o
si gnal s eadR ofofntle aﬁem@dmmaﬁﬂiQnmhumeaadaI&E@® lyt reeac hi i weisht y radi o
si gnal prOCGQ%WEEQHEhgs%fa%ﬂé%f%ﬂﬁ%&oﬁogQH%Eﬁe%”ﬁE'EHntf%@fed on

(information sugya
asis of receive level in each station. In

Fig.27, the same numbers as in the information
transmission system of the example 2-4 in Fig.24 are
15 assigned to the samé components in this embodiment.

As shown in Fig.27 which shows a case in
which communication stations 901 communicate with
each other, each communication station 901 includes
2 send part %02 corresponding to the sending station

20 601 in Fig.24, and a receive part 903 corresponding
to the receiving station 605.

The receive part 903 has a level detection
part 504 for monitoring receive level of the radio
transmission route and the optical space

25 transmission route. The level detection part 904
judges the condition of the propagation-route (that
is, magnitude of propagation loss), and judges
whether parallel (independent) transmission shown in
Fig.25 should be performed or diversity transmiséion

30 shown in Figs.26A and 26B should be performed.

The judgment information is transferred to
the MUX/DEMUX 602 in the send part 902, and is sent
to the communication station at the other end with
data (information signal). In the communication

35 station at the other end which received the judgment
information, the judgment information is separated
from the data (information signal) by the MUX/DEMUX



25 In the followng, a distribution nmethod by the distribution switch 603
and 606, that is, a switching control nmethod by the switching control

part 604 and 607 will be described with reference to Figs.25, 26Aggypd 8HB-
Fig.25 is a schematic diagram 30 showi ng switching states of the

di stribution swtches 603 and 606 when pr%gagatlon |l oss in the

propagation route is relatively small (whe condition of the propagation
route is good due to good weather). Figs.26A and 26B are schematic 35

di agrans show ngog tchi ng stat es of the SI stripution swtches 603 and 606
when propagatio I8§s GRESTEpaat ForOPout®d Lhel HEFREYT| arge 16 DEC
2003 -40 (when rmﬁdu:tmadmomf itshesqpiopagathendisilrd bivse ol shuetcho60adi n or

fog). Here, si I s [ | v ded oman |nforrrat|on nal _by the
MUX! DEMLX 602 TAC T g“é%néﬁﬁga% a%‘?%na%ﬁ SR chdnd Gt o T ?§9?§95. gnal
part and a second signal Férer dilgtndeition, SW@m@hofG(tihemebodmserm ty radio

signal processifgit+paihy Lhdr nide tﬁ&%xtaglgﬁatt&%gls@%s%teé pe calleda

first diversity radlo si.gnal processing anot
cal l ed a secondPabfarpedshen ddi ol%ngWégeﬁr bBassithg ﬁa?rfthﬂBOfiA@fshom in

Fi g. 25, when prﬂp@gpkbgﬁglaQi%n Hortthe Psopagat l(@&o[tﬁlé}aeclén rebakiysly
smal |, the SWthﬁﬁ? ntroI rt 6 4 |n t he sendi ng atlon 601 controls
the distribution® Zh @5’0?"‘?& AALEIPPr SRS HHREESEDt he

information signaltel 600t pteetcftoornes rsadltacmtags&ushl amatouttee and the second
signal parfols SYOUL;tQ 200G s HPALE LLAORLASLANL] O & ¢ The

swi tching control part PVT g Stativon 5 controls the
di stribution siHiERdebbasuhet pandifelen gphl theceireeddatoran heoute

is bad (propagation loss is relatively large).
The judgment information output from the
level detection part 904 is also input to the
15 distribution switch 606 in the receive part 903, and
the same switchinglcontrol is performed. '
According to this example, a closed loop
is formed in which the judgment information based on
the receive level of the routes is returned to the
20 send part. The distribution switches of both of the
sending station and the receiving station can be
controlled in the same way.
In the above-mentioned description, the
examples 2-4 and 2-5 use radio frequency band like
25 the example 2-1. However, intermediate frequency
band can also be used like the example 2-2. 1In
addition, digital signal can also be used like the
example 2-3.
In the examples 2-1 - 2-5, although a case
30 in which one radio transmission route and one
optical space transmission route are used has been
described, the present invention is not limited to
these examples.
In addition, in the examples 2-4 and 2-5,
35 although a case in which magnitude of propagation
loss, that is, condition of propagation route is

judged from receive level in the receiving station



radio transm ssion route is output to the first diversity radio signal
processing part 113 and the signal received fromthe optical sp

transm ssion 25 route is output to the second diversity radio sigﬁgjﬂ 2003
~ processing part 113. That is, in this case, conbining processing is not
performed in each diversity radio signal_ppocessing part 113. Only

mul tipl exi ng by the MJUX/ DEMJUX 608 is perforimed. 30 According to the
above-nentioned configuration, when propagation loss in the propagation

route is relatiygkypemm lges@-ihgdq cendi b fr t i $,0004,
transm ssi on cg&aci ty can he doubl ed byb‘%rggr?glrﬁ tjihﬁ\%%%ﬁe?gngg& signal s

by using the radrBitFEndA &Lioh TetbedandThehewstiePn sphckher ansmi ssi on

route. On the ophepabandomhentdecpnopagatiterdl 6 kG 2043 ?é,l_alnt@%%&n_the
par In

propagation rou is.relative rge, .the i tching contro

t he sending sté Po%ago%ecgﬁ’[#%efcia?%euﬁfggr ngﬁror'i“% ¢?¢H- 603 such that
the first siignal part is dum pddiviehme Snrabieo etvamslession sndte-and to
the optical spagerfLaREM S rqut LS | nFI 6A. Next, the
swi t ching control par? 684%6‘%% h%ys‘g%%él:}ﬁlggﬁggé&gﬁhoénn%%%o%?ol s the
di stributionswi $2ROBHcRigRal (R secbhdtsapAal tsed by mdputroetehe 10

radi o transm ssafa spYieaanddutd henOPth£8HagRRen ITANSM 55 0Ds T BYlE as
shown in Fig.26B. The swi,tching control part 607 in the receiving station

607 controls t H&*§i REFPHIESET 106/ 1 cH B0t  SREREALN tHnat SPa¥%i BRRI parts
recei ved 130fr dpetdhevidddo itanshiessfonst coahe aedoile ipinLhlpaspace

transm ssion oy £c&r enaVhRYtL, th.lIt};&%g icSJ.Stthis example is to
transmits the information signal by using the two
routes when propagation condition is bad.
Further, the diversity combining
15 processing can be performed by using other methods.
According to the information transmission
method of the second embodiment, even when one of
signals in the two systems is largely attenuated due
to rain or fog, other signal is not largely
20 attenuated. Therefore, resistance to both of rain
and fog can be improved. In addition, even when the
signals of the two systems are attenuated by rain
and fog, communication quality can be improved.
*Further, transmission capacity can be
25 doubled, and a first transmission mode in which
transmission capacity is doubled and a second
transmission mode in which communication gquality is
maintained can be used selectively.
Further, since a signal to be applied to
30 the electrical/optical converter is converted to a .
radio signal of intermediate freguency band, it
becomes unnecessary to use a device applicable to
high frequency band in which operating frequency
characteristic is radio frequency band as the
35 electr;cal/optical converter. Thus, cost
performance can be imprdved.

Further, transmission power can be



diversity radio signal processing part 113 as shown in Fig.26A 1In
addition, the switching control part 607 in the receiving station 607
controls the 20 distribution switch 606 such that the second signaf Eerﬁi
received fromthe radio transm ssion route and the optical space 6 DL 200
~ transm ssion route are output to the second diversity radi o signal
processing part 113 as shown in Fig.26B. ~%he first signal parts are 25
conbined by the first diversity radio signal processing part 113 and the

second signal parts are onbi ned by the second diversity_ radi o signal
processi ng part 522Kt Wt EhE1ABdv & LREHT bheO B0 RokPEguUr at i on
when t he propagapitdralospade theanpnQpadan dredtobe. | SThekatively large so -
that the conditj f the pro ation route is bad, the_sanme information
signal is sent %k/jgt%%:i%r?dmt%se Craargia&ge ??Qﬂéﬁirsﬁinﬁi GOt PNECFRENGS CéM space
35 transm ssi onbeodtgroaredl di versity conbi ning processing is performed in
the receivi side. Ther };%ga Ni i ualjt an; i nt ai ned.
16DEC2003 %g (Exanpl e 23‘; x%?ggﬁyi %ﬁg%h&{llo%n%ﬁ aryn%% is%]lgg%ggygpem of
the exanpl e 2-5tBf BRECHidsEnkly ribneloaedi lembesl impases i beddwi th reference
to Fig.27. Fig.24risatdondl06K kR0 asneloar makoetdfe th 8pRALESI On
system 900 of the exanpl%.2-5_ﬁ£ t he res%nt invention. - This exanple is
basi cal |y the sARB2A&IFatt 16 tHE® eXaMFe2- 408 A IFE 3 Bnpl e, stati ons
each having the sending station and the receiving station 10 of the
~exanpl e 2-45communi cate each other in which switching of distribution

switches is controlled on the basis of receive level in each station. In
Fig.27, the sanme nunbers as in the information

15

20

25

30

35



transm ssion systemof the exanple 2-4 in Fig.24 are 15 assigned to the
sane conponents in this enbodinent. As shown in Fig.27 which shows a cas. e
in which comunication stations 901 comunicate with each ot her ) 6eBidht003
conmmruni cation station 901 includes a send part 902 corresponding-to the
sending station 20 601 in Fig.24, and a receive part 903 corresponding to
the receiving station 605. The receive pé??'@OS has a | evel detection part
904 for nonitoring receive |level of the radio transm ssion route and the
opti cal space ira 'iii J e. The level detection part 904 judges
the condition ute (that is, nmagnitude of propagation
| oss), and judges whether parallel (independent) transm ssion shown in

Fi g. 25 shoul d be perfornmed or. di: j NSl SSi 0..sho in Eigs.26A
and 26B shoul d be perforngd.éﬂugﬁﬁﬁﬁﬁ%;é6$n?g%§§bg%$%%?t?gggé%rfg to

t he MUX/ DEMUX 6022R$niRElBEnd nfarimaipon ghronsaseanding tdppaommusi tati on
station at she Sthete ehdnyi bbpadattad | o1 @8Lh 09 rHa1dr) -t ddhddssion
comuni cation 35 station at,tﬁ% ot her end whi ch received the judgnent

i nformation, tHYSUdYnERTPEAEd Fation is separated fromthe data
(information signal) by theskdiDgVPpdbr DEC 2003 méd3uaea: iafg tdwe recei ve
part 903, and tihe-d Is rHmat | IS _sent _tg.the.di,stribution switch
603 of the se#.[%ﬁﬁgggQEaglga%%T %gﬁf%%ﬁfgof g%&ﬁgﬁ}tﬁm9€istribution
swi t ch 603 per fordm2 55 sk € EHAAG Is @dh amtatca hes panall dlrom sesid ssion i s
perforned wben iidfdsnd tdgrdstBak it Rnicandid iveaei atkhe Rrepagation route is
good (propagati,on | oss relativel ._In_addition, the distribution

IS smal | )
switch 603 perftorrarfbsrgw{:‘bﬂgnﬁas}ﬁlclp Lite 9h 3 9BALSt Vi dhsmission is
performed whenpluiaslity of routes; and

a receiving apparatus for receiving said
plurality of signals from said sending apparatus,
15 combining said plurality of signals, and outputting
. said information signal.

20
2. The information transmission system as
claimed in claim 1, wherein said plurality of
signals are a plurality of optical signals or
signals including a radio signal.
25

3. An information transmission method used
30 for transmitting information from a sending '
apparatus to a receiving apparatus, said information
transmission method comprising the steps of:
a sending apparatus modulating an
information signal, generating a plurality of
35 signals including an optical signal from said
information signal which is modulated, and
transmitting said plurality of signals; and



judged that the condition of the propagation route is bad (propagation
loss is relatively large). The judgnent infornmation output fronlégf Hfﬁﬁgl
detection part 904 is also input to the 15 distribution switch 6 p
receive part 903, and the sanme switching control is performed. According
"'to this exanple, a closed loop is forned ig whi ch the judgnent information
based on the receive level of the routes & returned to the 20 send part.
The distribution switches of both of the sending station and the receiving
station can be controlled in the sa n the abpve-nenti qned

me_way. |

description, the exanple?:fQF%&ﬁlEQSaBEérFé % FTetehty Band 1ike 25
t he exanpl e 2- 1plbpadvdry, dintsrgmal at érbmegacdnc s dradithgasapphsathe ,used |ike

t he exanple 2-2 ; i td i gi.tal,signal_ . o) ike- the
oxample 25, 1 nophRinEae el A1 Ok Ty BT EA T S8 UEEER ARG one
radi o transm ssf®hdr dferawd e sbpbpdal space transmission route are used
has been deascribed, the present invention is not limted to these
exanples. In addition, in the exanples 2-4 and 2-5, 35 although a case in
whi ch nmagni tude of propagation |oss, that is, condition of propagation
route is judged fromreceive level in the receiving station 1 6 D E C 2003
-44 has been described, the present inventionis not I|limted to this
met hod. The condition of the propagation route can be judged from ot her
parameter, and can be judged® inTeyuathen Heemcdsissiom methedoas in the

exanpl es 214 angl2ibed a@htkqQughn & casRet8iwhkghdeaah Qi1 thg Frst and
second signal parts is transmtted Py rad%o rout e i
slgnals are a plurality of optical signals or

signals including a radio signal.

15

5. An optical space transmission system
comprising: _
a first optical space transmission
20 apparatus including one or more optical transmitters
which send a radioc modulation signal converted from
an information signal; and '
a second optical space transmission
apparatus including one or more optical receivers
25 which combine a plurality of receive signals
transmitted by said first optical space transmission
apparatus via a plurality of -paths. .

30

6. The optical space transmission system
as claimed in claim 5, wherein said one or more
optical transmitters send said radio modulation

35 signal a plurality of times by shifting sending time,
and said plurality of receive signals are '
transmitted via a piurality of paths with respect to



. and optical route when propagation condition is bad has been descri bed,
the information signal may not 10 be divided into the first and deEBBEIZI03
signal parts since the main purpose of this exanple is to transmts the
.information signal by using the two routes when propagation condition is
bad. Further, the diversity conbining 15 pigeessi ng can be perfornmed by
usi-ng ot her nmethods. According to the information transm ssion nethod of
t he second enbodi nent, even when one of signals in the two systens is
| argel y attenuattédchedusxr s$pacain or fog, other signal is not largely 20
attenuated. Therefore, resistance to both of rain and fog can be inproved.
In addition, even when the signals of the two systens are attenuated by
rain and fog, communication quality can be inproved. Further, transmn ssion
capacity can be 25 doubled, and a first transm ssion node in which
transnissiog%capacity i s doubled and a second transm ssion node in which
conmmuni cat i quality is. maintained can be used sel ectively. Further,

since a signal to be appli®zd Ap oplithe elpecld italdaptssabnCap@ider is
converted to a cBﬁEEﬁ i gpnal of internediate frequency band, it becones
unnecessary to use a devite applicable to high frequency band in which
operating frequency char&tek¥rstiepticridispadaedquareymbastioas the 35

el ectrical/optigphbaaRV ey t&lc1 JAYSy §95hgiRerd; ﬂgﬁuﬁ?%gf g§ok”8&%¥?d-
Further, tE%nsnhﬁikgnJ%%%grégwggei%?gfgggg%ﬂ-sié%é& to Ee sent into
a radio modulation signal, and an optical
transmitter which converts output of said radio
signal modulation part into an optical signal; and
a second optical space transmission
15 apparatus including a plurality of optical receivers
which convert optical signals received from said |
optical transmitter into electrical signals, and a
diversity radio signal processing part which
combines outputs of said optical receivers.
20

8. An optical space transmission system
25 comprising:
a first optical space transmission
apparatus including a radio signal modulation part .
which converts an information signal to be sent into
a radio modulation signal, a part which divides
30 output of said radio signal modulation part into a
plurality of branches, and a plurality of optical
transmitters which converts signals of said branches
“into optical signals and transmit said optical
signals to the air; and
35 a second optical space transmission
apparatus including an optical receiver which

receives said optical signals sent from said optical



25 30 decreased by using digital transmssion in the optical space
transm ssi on section. Thus, apparatuses can be sinpler and cost {6 DEC 2003
performance can be inproved. The present invention is not limted to the
specifically disclosed enbodi nents, and variations and nodifications may
be made without departing fromthe scope_gf_the invention. 35 16 DEC 2643
-46 WHAT CLAIMED I'S: 1. An information transm ssion systemfor
transmtting information froma sending apparatus to 5 a receiving

appar at us, sai dtraheminiticas tdARDSEbESERs SUSIEMBHONPL 1 Sk Ngnad sS8RdiNg

apparatus for i an . informatiqn_signal, generating a plurality of
si gnal s includrﬁgggggég%ﬁCalgﬁ Bl ?Pgnﬁsggﬂlfoq%ﬁ%ﬁ%ﬁ?F%ﬁe§ﬁgﬁﬂl whi ch

i s nodul at ed, apdrtt wAdSh tegurl saéd phdr abinbynefs sihgnsks yEasaidgplurality
of routes; and @ptgetiViR¢3RRaratus for receiving said plurality of
signals from said sendi ng apparatus, 15 conbining said plurality of
signals, and outputting said information signal. 20 2. The information
transm ssion systemas clained in claiml, wherein said plurality of
signals are a plurality of optical signals or signals including a radio
signal. 25 3.. An information transm ssion nmethod used 30 for transmtting

information froma sending _
| 9. An optical space transmission system
10 comprising:

a first optical space transmission
apparatus including a part which divides an
information signal to be sent into a plurality of
branches, a plurality of radio signal modulation

15 parts which convert signals of said branches into
radio modulation signals, and a plurality of optical
transmitters which converts outputs of said radio
signal modulation parts into optical signals and
transmit said optical signals to the air; and

20 a second optical space transmission
apparatus including an optical receiver which
receives said optical signals sent from said optical
transmitters and converts said optical signals into
electrical signals, and a radio signal processing

25 part which equalizes and combines ocutput of said
optical receiver.

30
. 10. An optical space transmission system
comprising: .
a first optical space transmission
apparatus including a radio signal modulation part
35 which converts an information signal.to be sent into
a radio modulation signal, a part which divides

output of said radio signal modulation part into a



apparatus to a receiving apparatus, said information transm ssion nethod
conprising the steps of: a sending apparatus nodul ati ng an inforTTﬁtDEﬁriﬂﬂj
signal, generating a plurality of 35 signals including an optical signal
fromsaid informati on signal which is nodulated, and transmtting said
plurality of signals; and 1 6 D E C 2003 -47 a receiving apparatus
receiving said plurality of signals fronme%id sendi ng appar at us,
conbining said plurality of signals, and outputting said information

signal. 5 4. The,jpforpati transm ssion . nethod as . 10 clained in claim3,
wherein said pl %%F%?;lltgf O%?&rfaal%c}é‘?%'aaBPu?aPﬁNagfltdbt‘? BPPEFGALI s or

si gnal s i ncl udi hyaasmnatite rsi grdlch 1Gohve Ansoptigoall sspatesd idnsprhasher
system conprisifgs, gpkiikslh Qptd spase L SSi 0 tus

i ncl udi ng one or rr%r epoét i ca%qtdrr_gér;l‘issm %I?grggg\%ﬁ%?'?ﬁ%sesn&% orlg@dlll‘)% j;rlndul ation
si gnal convert ¥ ¥RBHF &R {thoradeti oindignal ; and a second optical space

transm ssi o apparatus i AClsdoHH NSt PEa MELaLCR! itGAInmPiCEl ¥8hs 25 which
conbine a plurall tg/ ot recei ve signals fransmtted by said first optical
space transni sSTRRC L ahPar A0GI WA BIRFBF 21§18 OfatREloRl reqnEvepsi cal
space transm ssiloihchyseenivas salial nesei®atl 8i gndlswhemal rfsah ds®ng or nore

opti cal ”ansm&né'ﬂéafe@g h r.adi o ul ation, 35 _signal, a #Ieural ity of
times by shifting sendi nga?’?ngl,tt%glnsd %glﬁij% Urari P?lg? GRS signals are
signals into electrical signals, and a diversity
10 radio signal processing part which equalizes and

combines outputs of said optical receivers.

15
11. An optical space transmission system
comprising:
a first optical space transmission
apparatus including a part which divides an
20 information signal to be sent into a plurality of
- branches, a plurality of radio signal modulation
parts which convert signals of said branches into
radio modulation signals, and a plurality of optical
transmitters which convert outputs of said radio
25 signal modulation parts into optical signals and
transmit said optical signals to the air; and
a second optical space transmission
apparatus including a plurality of optical receivers
which receive said optical signals sent from said
30 optical transmitters and convert said optical
signals into electrical signals, and a diversity
radio signal processing part which equalizes and

combines outputs of said optical receivers.

35



transmtted via a plurality of paths with respect to 1 6 D E C 2003 -48
time or space. 5 7. An optical space transm ssion system conprising: a
first optical space transnission apparatus including a radio signhgﬂfﬁlm3
nodul ation part 10 which converts an information signal to be sent into a
radi o nodul ati on signal, and an opti cal %Egnsnitter whi ch converts out put
of said radio signal nodulation part into-an optical signal; and a second
optical space transm ssion 15 apparatus including a plurality of optical

receivers which convert optigal signals receiv k i
transmtter into electriéﬁ 'sfﬁﬁa?gglgﬁ §$EH¥%§$%%§§H}%%ansggﬁé%%
processi ng par tswhilaimerbnin netaduot fut sadid fdinstoprpeatatesprEers. 20 8. An
optical space LLARYH;SA Gl SYSherLees GAMINAIMO 2@ 10A8E BPULqaly space
transm ssion apparatus 1 ncl ng a radi o signal nodul ation part ™~ which
converts an i ntéreatiitorvtsigmageteypeasenrti Mo SkRabF cfoddrati on signal

a part whioh dipyhéese30 output of said radio signal nodul ation part into a
plurality of branches, and a plurality of optical transmtters which
converts signals of said branches into optical signals and transmt said
optical signals to the air; and 35 a second optical space transm ssion

- apparatus including an optical receiver which receives said optical
signals sent fromsaid optical 16DEC2003 -49 ‘ '

10 13. The optical space transmission system
as claimed in claim 9, said first optical space
transmission apparatus including at least a delay
circuit which delays a part of signals of said
branches.

15

14. An optical space transmission system
20 comprising:

a first optical space transmission
apparatus including a radio signal modulation part
which converts an information signal to be sent into
a radio modulation signal, a part which divides

25 output of said radio signal modulation part into a
plurality of branches, one or more delay circuits
which delay a part of signals of said branches, a
multiplexer which multipléxes output of said delay
circuits and signals of the other branches, and an

30 optical transmitter which converts output of said
multiplexer into an optical signal and transmits
said optical signal to the air; and

a second optical space transmission
apparatus including an optical receiver which

35 receives said optical signal sent from said optical
transmitter and converts said optical signal into an

electrical signal and a radio signal processing part



transmtters and converts said optical signals into electrical signals,
and a radi o signal processing part which equalizes and conbi nes out put of
said optical receiver 5 9. An optical space transm ssion system 1@DEC 2003
conprising: _ a first optical space transm ssion apparatus including a
part which divides an information signal_g,0 be sent into a plurality of
branches, a plurality of radio signal nodulation 15 parts which convert
signals of said branches into radio nodulation signals, and a plurality of

optical transydieh sephhthzeanueld Sl s ehtpatdoradizda dhadal

nodul ation parts into optical signals and transmt said optical signals to
the air; and 20 %£%¥t%hd optical space transmi ssion apparatus including an
optical receiver which receives said optical signals sent fromsaid
optical transmitters and converts said optical signals into electrical
signals, and a radio signal processing 25 part which equalizes and conbi nes
output of said optical receiver. 30 10. An optical space transni ssion
system conprising: a first optical space transm ssion apparatus including
a radio signal nndulationigart 35 which converts an information signal to

be sent into a radi o nodulati SResPEtdc2la $RRFS WhF RSB FISdEN BIRYRR of
said radio sigral dmsluhedi O pastim M,0 sk ild DPRG 2093gnai0mpldiriadti ton of
branches, and a _pl.uralit .gf tical .trgpsnittergfmhich caonverts signals

0
of said branch®&*Y it %p |c539§Fgﬁﬁﬁﬁ%ﬁui?9%%%n1 ShEg S&ﬁ?ﬁcm

10 apparatus including a baseband modulation part, and
an orthogonal modulation part which orthogonally
modulates output of said baseband modulation part.

15

16. The optical space transmission system
as claimed in claim 15, said radio signal modulation
part further including a frequency converter after

20 said orthogonal medulation part, and a local
oscillator which generates a reference signal for

said frequency converter.

25

17. The optical space transmission system
as claimed in claim 8, said radio signal processing
part in said second optical space transmission

30 apparatus comprising:

an orthogonal detection part which detects
baseband radio modulation signals sent from said
first optical space transmission abparatus;

an eqgualizer which equalizes and combines

35 output of said orthogonal detection part; and

a baseband demodulation part which

converts output of said equalizer into an original



signals to the air; and 5 a second optical space transm ssion apparatus
including a plurality of optical receivers which receive said opti¢a pt( 2003
signals sent fromsaid optical transmtters and convert said optical
signals into electrical signals, and a diversity 10 radi o signal processing
part which equalizes and conbi nes output§59j said optical receivers. 15
11. An optical space transm ssion system tconprising: a first optical space
transm ssion apparatus including a part which divides an 20 information

signal to be septriphQtraoll widlddy of branches, a plurality of radio

signal nodul ation parts which convert signals of said branches into radio
nodul ation signals, and a plurality of optical transmtters which convert
outputs of said radio 25 signal nodulation parts into optical signals and
transmt said optical signals to the air; and a second optical space
transm ssion apparatus including a plurality of optical receivers which
receive sai @ optical signals sent fromsaid 30 optical transmtters and

convert said optical sigralsdnto e [ ignals, .and. a diversity
radi o signal processing pg%f ﬂ%ﬁhﬁ“@%héﬁizgégsﬁdgﬁéy Wﬁﬁ%&%&t%ﬂ?gegf sai d
optical receive¥%. chaingdDEg 20@eim 51, 192idheadpri cdlgreplager ecansimgsi on

system as claiglek i tnckaim 8ectAld dpfpLaPPLheRk $RAGRMISANSY Ssion

apparatus including at |least a.delay circuit which delays a part of
signals of sai FEPHTANEReSOMPFLSing:

10 an orthogonal detection part which detects
baseband radio modulation signals sent from said
first optical space transmission apparatus;

an equalizer which egqualizes and combines'
output of said orthogonal detection part; and

15 a baseband demodulation parxt which
converts output of said equalizer into an original
information signal.

20

123. The optical space transmission system
as claimed in claim 8, said radio signal processing
part in said second optical space transmission

25 apparatus comprising:

a frequency converter which converts radio
modulation signals of intermediate frequency band or
radio frequency band sent from said first optical
Space transmissicn apparatus into baseband:

30 a local oscillator which generates a
reference signal for said frequency converter;

an orthogonal detection part which detects
baseband radio modulation signals output from said
frequency converter;

35 an equalizer which equalizes and combines
output of said orthogonal detection part; and

a baseband demodulation part which



15 13. The optical space transm ssion system as clainmed in claim9, said
first optical space transm ssion apparatus including at |east a demdﬁﬁzmﬁ
circuit which delays a part of signals of said branches. 14. An opti cal
space transm ssion system 20 conprising: a first optical space

" transm ssion apparatus including a radio signal nodul ation part which
converts an information signal to be sent "PATo a radio nodul ation si gnal ,
a part which divides 25 output of said radio signal nodulation part into a

plurality of br h one..or delgy circuits which delay a part of

si gnal s of saidggﬁgggﬁgsOUtp?ﬁn?fp?%%greﬂﬁ?ﬁﬁ%ﬁﬁt%?ﬁ%x%% Bﬁﬂﬁﬁpaéf sai d
del ay circuitsirnhdrapddains dfgndk. ot her branches, and an 30 optica
transmtter which converts output of said nultiplexer into an opti cal
signal and transmts said optical signal to the air; and a second optical
space transm ssion apparatus including an optical receiver which 35

recei ves sagd optical signal sent fromsaid optical transmtter and-
converts said optical signal into an electrical signal and a radi o signa
processing part 16 DEC 2003 -52 which equalizes and conbi nes output of said

optical receiver. 5 15. Tle amm(ﬁﬁtﬁ@@ﬁesbaa@smﬁaﬂgmlgagﬁﬁng asefl ai med
inclaim7, sai r@gégmghgggl ulqgl .part ..n said first ogtlcal space

transnission 10 apparatas including & bad ahd S F &R 0n REPESSSARY an
or t hogonal nndm%ﬁtohnpéﬁﬂdwmaﬂ¢nﬁtdnxﬁmallypanedmmmnamxnﬁxmm of said

baseband nodul agir EhHE. comprising:

a frequency converter which converts radio
modulation signals of intermediate frequency band or
radio frequency band sent from said first optical
space transmission apparatus into baseband:

15 a local oscillator which generates a
reference signal for said frequency converter;

an orthogonal detection part which detects
baseband radio modulation signals output from said
frequency converter:;

20 an equalizer which equalizes and combines
output of said orthogonal detection part; and

a baseband demcodulation part which

- converts output of said equalizer into an original
information signal.
25

21. The optical space transmission system
30 as claimed in claim 7, said diversity radio signal
processing pért in said second optical space
transmission apparatus comprising:
a plurality of orthogonal detection parts
which detect baseband signals received by said
35  optical receivers;
a baseband diversity equalization

combining part which combines ocutputs of said



15 16. The optical space transm ssion system as clained in claim15, said
radi o signal nodulation part further including a frequency convef @E ?gﬁer
20 sai d orthogonal nodul ation part; and a |ocal oscillator which E % es
a reference signal for said frequency converter. 25 17. The optical space
transm ssion system as claimed in claim@8ggsaid radio signal processing
part in said second optical space transm ssion 30 apparatus conprising: an
ort hogonal detection part which detects baseband radi o nodul ati on signals

sent from sai d ofthogoopRlli GRlt&PALEnt HARSR.SSIRN apparatus; an equal i zer
whi ch equal i zes and conbi ne 3§DOU pﬁt of ‘'said orthogonal detection part;
and a baseband denndulatiéhiﬁ%ﬁq FPF cREMEIRY SIS TORPILE WriGhRI d equal i zer

into an origi natci6eDEC 200D utc5d 1 né o1 AabkeBbSINGNA i.vdr 48t The opti cal
space transnissé&ga§¥§5§qb as cl.ainmed in claim9, said rad?o si gna

processing parf-in sai SEC ST %1 PPhcd M PaRthi%st S &ppar at us
conpri si ng: 210 BhfermAddomals igetagct i on part which detects baseband radio
nodul ation signals sent fromsaid first optical space transm ssion
apparatus; an equalizer which equalizes and conbines output of said
ort hogonal detection part; and 15 a baseband denodul ati on part which
converts output of said equalizer into an original information signal 20

10 22. The optical space transmission system
as claimed in claim 7, said diversity radio signal
processing part in said second optical space
transmission apparatus comprising:

‘ a diversity combining part which combines

15 signals of intermediate frequency band or radio
frequency band received by said optical receivers;

a frequency converter for output of said
diversity combining part;
a local oscillator which generates a
20 reference signal for said frequency converter:;
an orthogonal detection part which detects
baseband radio modulation signals output from said
frequency converter; '
an equalizer which equalizes and combines
25 output of said orthogonal detection part; and
a baseband demodulation part which
converts output of said equalizer into an original
information signal.

30

23. The optical space transmission system
as claimed in claim 7, said diversity radio signal
35 processing part in said second optical space
transmission apparatus comprising:

a plurality of frequency converters which



19. The optical space transm ssion system as clainmed in claim8, said
radi o signal processing part in said second optical space transm ssion 25
- apparatus conprising: a frequency converter which converts radio 16 DEC 2000
~nmodul ation signals of internediate frequency band or radio frequency band
sent fromsaid first optical space transp%&sion apparatus into baseband;

r

30 a local oscillator which generates a ‘erence signal for said

frequency converter; an orthogonal detection part which detects baseband

radi o nodul ati o e;%gn%l§r%yt ut fromsaid. fr?%yency converter; 35 an
equal i zer whi chP&qual'i'z&s " Tohbt RRECTBaPPut 96f = oF t Abgonal det ecti on
part; and a basébéadmddieds diremueacty bhidhoi6 rBEG P00B:qdnSy cbaudrt s
output of 'said gguaki,zar %%fﬂ‘65%9&9?'re£§59@?§j0n signal. 20. The
optical space transm ssion system™ as clained in claim9, said radio signa
processing part in said Sed@fRbopsenllapactevhighs gessionta®d appar at us

conpri sing: 515 2Or@beAckl 8quenay E@ﬁvgémrf%'ggan%@n\@ﬂ@ef@@ﬁn nodul ation
signals of intermediate frequency, band or. radio frequency pand sent from
said first optical space? %ﬁﬁ¥w9gp%5F§PQ§nP&t%ﬁﬁﬁgﬁﬁﬁﬂ;pﬁrFﬁcm
osci |l I at or whi chh gehedatestabasflmhcei ghghal ohapusai itk dnf egpuipficy :
converter; an(¥#ggggggt ggg%%gég} art which detects baseband radio -

s “out put ’

modul ation signa rom sai )
a baseband diversity equalization

10 combining part which combines outputs of said
orthogonal detection parts; and
a baseband demodulation part which
converts output of said baseband diversity
equalization combining part into an original
15 information signal.

20 24. The optical space transmission system
as claimed in claim 22, said diversity combining
part comprising a part which performs maximum ratio

combining for a plurality of input signals.
25
25. The optical space transmission system
as claimed in claim 22, said diversity combining
30 part comprising a part which performs selection

combining for a plurality of input signals according

to receive level.

35

26. The opfical space transmission system



frequency converter; an equalizer which equalizes and conbi nes output of
sai d orthogonal detection part; and a baseband denodul ati on part which

- converts output of said equalizer into an original information sijghgEC 208].
The optical space transm ssion system 30 as clainmed in claim?7, said
diversity radi o signal processing part in_$§Ld second optical space

transm ssion apparatus conprising: a pluralfity of orthogonal detection
parts -which detect baseband signals received by said 35 optical receivers;

a baseband diveLsi izatieon. c ini P ich i.nes out puts of
said 16 DEC 200% -%%agrt og%?a%9§éPeg?Po%%¥§¢é¥$%ﬁgigyb§§ggéﬁgng
denodul ati on paPgIkhiCOHPTonveEt 8 Barpuwhdichs gter basepandudily gedint y

equal i zati on copbnBiind MArtod NhopaN ALk Yynals ihpf oL ieLEeE signal . 10 22_
The optical space transm ssion system asS clainmed in cflaim7, said
diversity radio signal processing part in said second optical space
transm ssi orb apparatus conprising: a diversity conbining part which

conmbi nes 15 signals of internediate frequency band or radio frequency
band received by said optical receivers; a frequency converter for output
of said diversity conbining part; a local oscillator which generates a 20

reference signal for sald#7 eaueaCypE98Ke! LBhicaArt 01 bpaonabndeleethon part
whi ch detects base?and %Fdio npdul at i on sL%naIs Qut put from sa
frequency conveffeftaimed in claim 21, said baseband diversity
10 equalization combining part comprising:
transversal equalizers which equalize
input baseband signals; and
a part for performing maximum ratio
combining for outputs of said transversal equalizers.

15

28. The optical space transmission system
20 as claimed in claim 21, said baseband diversity
equalization combining part comprising:
transversal equalizers which equalize
input baseband signals; and
a part for performing selection combining
25 for outputs of said transversal equalizers.

30 - 29. The optical space transmission system
as claimed in claim 21, said baseband diversity
equalization combining part comprising:

transversal 'equalizers which equalize
input baseband signals; and

35 a part for performing equal gain combining

for outputs of said transversal equalizers.



an equal i zer which equalizes and conbines 25 output of said orthogonal
detection part; and a baseband denodul ati on part which converts out put of
said equalizer into an original information signal. 30 23. The Ofggﬁﬁh%3'
space transm ssion system as clained in claim7, said diversity

signal 35 processing part in said second gpkgical space transm ssion
apparatus conprising: a plurality of frequency converters which 16 DEC 2003
-56 performfrequency conversion for signals of internediate frequency
band or radio frequency band received by said optical receivers; a |ocal
oscillator which generates a 5 reference signal for said frequency
converters; a plurality of orthogonal detection parts which detect
baseband signals output fromsaid frequency converters; a baseband
diversity equalization 10, conBipnin art which conbi nes outputs of said
ort hogonal detection partgy?an % %ﬁggﬁﬁhds @ﬁﬁhﬁ%ﬁ?%ﬂlﬁﬁﬁpgwﬁﬁéﬁem
converts outdput 28f cdaiigashsigbantia tinvaisi sy idedued dlzad odi carbiimiyng part
into an origi nabgui? il-Af+ardmptd j I . dJhe. opiical _space
transm ssi on sy ?3n1,égﬁﬁiﬁﬂﬁﬁﬁ?%hgﬁgiﬁﬁgg,aéﬁﬁ%%ﬁgﬁ s?%ygggﬁ%ﬁﬁﬁng part
conprising a patECWATOR F&FH3RK nBXPRURTREEVE L sednitembpining a plurality
of input signaldivépsithye peytd cal space transm ssion system as clained in
claim 22, said diversity conbining

10

31. The optical space transmission system
as claimed in claim 30, wherein said adaptive
15> decision feedback type transversal combining
diversity part uses an adaptive algorithm for
determining tap coefficients of said transversal
equalizers.

20

32. The optical space transmission system
as claimed in claim 31, wherein RLS algorithm is
25 used as said adaptive algorithm.

30 33. The optical space transmission system
as claimed in claim 31, wherein LMS algorithm is

used as said adaptive algorithm.

35

34. An optical space transceiver



30 part conprising a part which perforns selection conbi ni ng for
plurality of input signals according to receive |level. 35 26. Tﬁeﬁ BE)E e
space transm ssion system 16 DEC 2003 -57 5 as clained in claim?22, said
diversity conbining part conprising a part which perforns equal gai n
combining for a plurality of input signalscg27. The optical space

transm ssion system as clained in claim Zi sai d baseband diversity 10
equal i zati on conbining part conprising: transversal equalizers which

equalize i nput cbapehandosi:0nalsst abgrachal bokile ASZLALA] 0g: gRxi mum ratio
conbi ning for out ut s, of sn?g transversal equa I zers he opti cal
space transmi ss?% §§§‘Pé°'m 4SS FAFeBPtA Calaishaae SRR RSBASEBANd

di versity equal agpéranusgnbi ni ng part conprising: transversal equalizers
whi ch equalize input bas and.a part for erformng selection
conbining 25 for out puts%%?‘ sai dg%]?a%% &F8y s E’ ’gméﬁségnzg The
optical spafe t?BP3RREBSoANSISIdIMY asnel arnedrien o@taldnﬁltrsasﬂlba&eband

diversity equakhzahi 98n@0R mmmﬁl&migmgcg@% sglrgayal i zers
whi ch-equal i ze r?(gfut baseband signal s; and art per orm ng equal

gai n conbi ni ng ° PPl §t&1°”sa‘313c9rﬂﬁ*jans%%iﬂsal equal i zers. 16 DEC 2003

said second optical space transmission
apparatus including one or more optical receivers
10 which combines a plurality of receive signals sent
via a plurality of paths.

15
35. An optical space transmission method
comprising the steps of:
converting an 1nformation signal to be
sent into a radio modulation signal, and sending
20 said radio modulation signal as an optical signal in
a sending station;
receiving optical signals, converting said
optical signals into electrical signals, and
demodulating said electrical signals by performing
25 equalization and combining or by performing
diversity combining in a receiving station.

30
36. An optical space transmission
apparatus having one or more optical transmitters in
an optical space transmission system which includes
said optical space transmission apparatus having one
35 or more optical transmitters and an optical space
transmission apparatus having one or more optical

receivers, wherein:



-58 30. The optical space transm ssion system 5 as clained in claim 21,
sai d baseband diversity equalization conbining part conprisiqP 3? adaptlve
deci si on feedback type transversal conbining diversity part. ROEE 2 The
optical space transm ssion system as clained in claim30, wherein said
adaptive 15 decision feedback type transve & conbining diversity part
uses an adaptive algorithmfor deternlnlﬁé tap coefficients of said
transversal equalizers. 20 32. The optical space transm ssion system as

clained in claim31, mherglqdﬂb éaé%)lg QEESt%En%ﬁﬁ s:y%é#%?a &IVE
ace

algorithm 30 33. The optlcal m Ssion Sy Stem” as
clai m 31, wherdtding angopeit Fﬂﬁﬁes Om%b@aéstsanémadta:@ma/amgmdeshrme35 34.

An optical spacer th@pscehveb L6 HEG %%15’8161%”8%'&' N9 di ' 8En 9Bk Gl

space transm ssion, fggaratus and a second optical space transm ssion
apparatus; sai #1its LARP SIS} rahshi SBPoATSMREFarradis® i ncl udi ng one
or nore optEc&mdduﬂmnlbheBSgnwmsﬂ1send an information signal converted
into a radio nodulation signal; and said second optical space transm ssion
apparatus including one or nore optical receivers 10 which conbines a
plurality of receive signals sent via a plurality of paths. 15

10 37. The optical space transmission
apparatus as claimed in claim 36, wherein said one
Oor more opt;cal transmitters send said radio
modulation signal a plurality of times by shifting
sending time.

15

38. An optical space transmission
20 apparatus having one or more optical receivers in an
optical space transmission system which includes an
optical space transmission apparatus having one or
more optical transmitters and said optical space
transmission apparatus having one or more optical
25 receiﬁers, wherein:
said optical space transmission apparatus
having one or more optical receivers receives
signals transmitted via a plurality of paths by said
optical space transmission apparatus having one or
30 more optical transmitters, combines said signals
transmitted via a plurality of paths. |

35
39. The optical space transmission

apparatus as claimed in claim 38, wherein said one



35. An optical space transm ssion nethod conprising the steps of:
converting an information signal to be sent into a radi o nodul atjon
signal, and sending 20 said radi o nodul ati on signal as an optﬂc&DE%?@%al in
a sending station; receiving optical signals, converting said optical
signals into electrical signals, and denodul ating said electrical signals
by perform ng 25 equalization and conbinin 1or by performng diversity
conbining in a receiving station. 30 36. An optical space transm ssion
appar at us havingfone ar ptical transmtters in an optical space

r.e [ \
transni ssion sy eﬁ*ﬂ%ﬁ(ﬁgﬁﬁﬁﬁ' de52NEBLGTE6pC CAP S Facef 4 anBRflgdpgaon
appar at us havi ngignel3s @rlurmleitoptofatimeandyi tsharfs iangl es8naphicalimgpace
transm ssi on appar aiug Agvi or r ti.cal _receivers, .wherein:
16DEC2003 - 60 sa?d _gtfggl%%%ﬁé?%?a%@ﬁig%?@nogﬁpéVhfﬁ%reh%QFhﬁa ne or nore
optical transm ¥EEfiveRs adeeoie satdnopeiradi ¢ igingna toambatitoadpart s

whi ch convests vaa hnbaiFahliQy UONghthotQ:ione R Juue fad pr2 gpdul ation
signals. 10 15 37. The optical” space transm ssion” apparatus as clainmed in
cl ai m 36, whereth®S8ird one or nore optical transmitters send said radio
nmodul ation signal a plurality of tinmes by shifting sending tine. 38. An
optical space transm ssion 20 apparatus having one or nore optical
receivers in an optical space transm ssion system which includes an

10
40. An information transmission system for
transmitting information from a sending apparatus to
a receiving apparatus, said information transmission
system comprising said sending apparatus and said
15 receiving apparatus;
said sending apparatus comprising:
a radio signal modulation part for
modulating an information signal;
a radio signal transmitter for
20 transmitting said information signal which is
modulated to said receiving apparatus as a radio
signal; and
an optical signal transmitter for
transmitting said information signal which is
25 modulated to said receiving apparatus as an optical
signal,
said receiving apparatus comprising:
a radio signal receiver for receiving said
radio signal transmitted from said sending apparatus
30 and outputting a first signal;
an optical signal receiver for receiving
said optical signal transmitted from said sending
apparatus and outputting a second signal; and
a signal combining part for combining said
35 first signal and said second signal, and

regenerating said information signal.



optical space transm ssion apparatus having one or nore optical
transmtters and said optical space transm ssion apparatus having one or
nore optical 25 receivers, wherein: said optical space transnissjemEczma
apparatus having one or nore optical receivers receives signals
transmtted via a plurality of paths by said optical space transn ssion
appar atus having one or 30 nore optical t®a@nsmitters, conbines said signals
transmtted via a plurality of paths. 35 39. The optical space transm ssion
apparatus as clainmed in claim38, wherein said one 16 DEC 2003 -61 or nore
optical transmtters send a radio nodulation signal a plurality of tines
by shifting sending tine as optical signals, and said one or nore optical
receivers receive said optical signals transmtted 5 via a plurality of
paths with respect to time or space. 10 40. An information transm ssion
systemfor transmtting 4nfornat iefofdmen s s entdangmappabat By stteem a s

recei vi ng par at_us aid infor I on _t.ransm ssion__system.c ri,.sing said
sendi ng app ratcgsala{rllfa(ffs]elri1 dcgglrpgggi’visﬁd‘dgp yarat v ; 8K aaséjr?d%rr%rtahpep%r at us
conprising: accagimisignal nodul ati on part for nodul ating an information

signal; a radio signal transm r Qs 2Ghd r 1 L ng 1 931d AgnfQrint i on
signal which is nndula;é% %gbggﬁdéﬁggéﬁthd appa%g¥u§las anggdig' si gnal
and an optical igifgratigmspiopal 850 @ disii® t$hgnaai BEFH 6MFRtd on si gnal

which is second signal part;

10 wherein said radio signal transmitter
transmits said first signal part to said receiving
apparatus as a radio signal, and said optical signal
transmitter transmits said second signal part to
said receiving apparatus as an optical signal.

15

42 . An information transmission system for

20  transmitting information from a sending apparatus to
a receiving apparatus, said information transmission
system comprising said sending apparatus and said
receiving apparatus which include a mode selection
part for selecting one of a first transmission mode

25 and a second transmission mode,

said sending apparatus comprising:

a signal dividing part for dividing an
information signal into a first signal part and a
second signal part;

30 radio signal modulation parts for
modulating said first signal part and sald second
signal part;

a control part for controlling said
sending apparatus such that said first signal part

35 is transmitted to said receiving apparatus as a
radioc signal and said second signal part is

transmitted to said receiving apparatus as an



25 nodul ated to said receiving apparatus as an optical signal, said

recei ving apparatus conprising: a radio signal receiver for receixﬁﬁem i d
radio signal transmtted fromsaid sendi ng apparatus 30 and out @ﬂ%
~first signal; an optical signal receiver for receiving said optical signal
transmtted fromsaid sending apparatus agg outputting a second signal;
and a signal conbining part for conmbining said 35 first signal and said
second signal, and regenerating said information signal. 16 DEC 2003 -62

41- The informbpenchlarsmyrEsi O Sy St LM asirs tClaidhhi 4k Comi Mbd@, isaid
sendi ng apparatuslfurt er conprising: a signal dividing part for dividing
said informatidh-§F§f&’ into a first signal part and a second signa

part; 10 wherein said radisaisl gnatttohnsartt eontrclsimg sssid dséhtidthgsi gnal

P el § o s EBbY 9y SRR £ 921 4 28R @RI Nlon ALY dyoPL 8

signal transmt ransmts said second”si sai d receiving
appar at us a® antbpREBAL teidyri sa£ﬁ4260¢mvnngoﬁmmanatu3zuman33|on system

for 20 transmi déiuf'glh'ﬁ ORI AN 44 O & $EDALNG FRRATANUS: 4 I AsESERI Vi Ng
apparatus, said informafion transm ssion syStem conprising said sending

apparatus and sBPWter8E6i A RipiRa at LR IR ERSTLRE Fae e ﬁﬂ&ﬁlsé?éétlon
part for sel ecti@gonaetebnanfigsion massi 551 ealeeded5 and a second

transm ssi on made, said sendkp%é%)fgfgusacon? tS|n%Om naI di vi di ng
part for dividing an i nf SFrat i on S|gné? RPota 4 st §)]h '%art and a
10 a part for multiplexing said flrst signal

part and said second signal part when said first
transmission mode is selected; and
a part for diversity-combining said
information signal which is transmitted via said
15 plurality of routes when said second transmission
mode is selected.

20
43, The information transmission system as

claimed in claim 42, wherein said mode selection
part selects said first transmission mode when
transmission routes between said sending apparatus

25 and said receiving apparatus are in a first
condition, and said meode selection part selects said
second transmission mode when said transmission
routes between said sending apparatus and said
receiving apparatus are in a second condition which

30 is worse than said first condition.

35 44 . The information transmission system as
claimed in claim 40, said radio signal modulation
part including a baseband modulation part, and an



second signal part; 30 radio signal nodul ation parts for nndula?gw%fﬂﬁp
first signal part and said second signal part; a control part for
controlling said sending apparatus such that said first signal part 35 is
transmtted to said receiving apparatus as a radi o signal and said second
signal part is transmtted to said receiving apparatus as an 16 DEC 2003
-63 optical signal when said first transm éion node is selected; said
control part controlling said sending apparatus such that said infornmation
signal 1s S Lragsfhlehd 0 2addh 4LEEhVLAY ARAAIAL Y Ml By @n Ry yral ity of
routes including a radio transmssion “route and an optfca Yansni ssi on
route when saidmogéé@mf%rQ#E@ﬁ%s@%nSﬁﬁdeh&ﬁQhﬂﬂﬁnmﬂghhaidoneDGEVLng
apparatus conprising: 10 a part for nultiplexing said first signal part
and said. second signal part when said first transm ssion node is
selected; and a part for diversity-conbining said information signal which
is transmtted via said 15 plurality of routes when said second

transm ssion node is selected. 20 43. The information transm ssion system
as clainmed in claim42, wherein said node selection part selects said
first transm ssion node wfen Thansmi eshahipouttesnsativesinsasdstsendi ng
apparatus 25 angeiabd LeGEIMdNG ARPAL BhUS4ar €ali 3 0dilSts 1 i tion, and
sai d node selectign%gant sel ects said second transm ssion node when said

transmission roERs2heCRedR Lol S nYRSPHIRRCUS EFEEEREY

10 converter after said orthogonal modulation part, and
a local oscillator which generates a reference

signal for said frequency converter.

15
46. The information transmission system as
claimed in claim 40, said signal combining part in
said receiving apparatus comprising:
20 a plurality of orthogonal detection parts

which detect baseband signals received by said
optical signal receiver; |
a baseband diversity equalization
combining part which combines outputs of said
25 orthogonal detection parts; and
a baseband demodulation part which
converts output of said baseband diversity
equalization combining part into an original
information signal.
30

47. The information transmission system as
35 claimed in claim 40, said signal combining part in
said receiving apparatus comprising:

a diversity combining part which combines



recei ving apparatus are in a second condition which 30 is worse th8kC 3083 d
first condition. 35 44. The information transm ssion systemas clainmed in
claim40, said radio signal nmodulation part including a.baseband

~nodul ation part, and an 16 DEC 2003 -64 orthogonal nodul ation part which
orthogonal |y nodul ates output of said bas_gggnd nodul ati on part. 5 45. The
I nformati on transm ssion system temas claifmed in claim44, said radio
signal nodul ation part further including a frequency 10 converter after

sai d orthogonal gnegidial i pn I SCI N r_which.generates a
reference si gnal for said Wéﬁﬁ‘%@gaé%nﬁ%t S0 %%ngTﬁé fAféPmat i on
transmi ssion sy§tr§ﬁiu£§1cbblheﬂ%dr$ﬁeélvaﬁmb@0 Saslaj dJETLgtnal cenbiimiemg ;part in

sai d recei ving apparatus GDMpFé hBHey2@oR Rlyral idy, of ogen etection
parts which detect bhaseband SJEI’I&N S re(c:)elvved by sarl ug%%?cg? g%gg‘a

receiver: a bas8BXd di ercsqr‘llﬂ/l dl P2atiion conbi ning part which conbi nes
outputs of Said 25 ort hognria:lcai’et estiiolapart sshidd gebasgbapgdadenodul ation

part which conyggggeglétep%t Q%I afg bgge ag%edg:u\éﬁlré%it equal i zati on

conbining part Tnto an ori of A 1% “%he information
transm ssion system as S@Tbloen“fri‘e@gtpnad;l dietred® iogaimh st gnlal cbodbiacng part

in said recei vipgsapRatA R iPHEAS1 #8iof i YRG! Yo 5 an&mpé‘EEd"m' ch
conbines 1 6 EE¥éequency converter;

10 an equalizer which equalizes and combines
output of said orthogonal detection part; and
"a baseband demodulation part which
converts output of said equalizer into an original
information signal.
15

48. The information transmission system as
20 claimed in claim 40, said signal combining part in
said receiving apparatus comprising:

a plurality of frequency converters which
perform frequency conversion for signals of
intermediate frequency band or radio frequency band

25 received by said optical receivers;

a local oscillator which generates a
reference signal for said frequency converters;

a plurality of orthogonal detection parts
which detect baseband signals output from said

30 frequency converters;

8@ baseband diversity equalization
combining part which combines outputs of said
orthogonal detection parts; and

a baseband demodulation part which

35 converts output of said baseband diversity
equalization combining part into an original
information signal.



-65 5 10 15 signals of internediate frequency band or radio frequency band
recei ved by said optical receivers; a frequency converter for out p@EC Qg3
said diversity conbining part; a local oscillator which generates a
reference signal for said frequency converter; an orthogonal detection part
whi ch detects baseband radi o nodul ati on signals output from said
frequency converter; an equalizer which eﬁé i zes and conbi nes out put of
sai d orthogonal detection part; and a baseband denodul ati on part which
converts output of said equalizer into an original information signal. 48.
The information transm ssion systemas 20 clainmed in claim40, said signal
conbining part in said receiving apparatus conprising: a plurality of
frequency converters which performfrequency conversion for signals of

i nternedi ate frequency band or radio frequency band 25 received by said
optical receivers; a local oscillator which generates a reference signa

for said fréquency converter.s;Tiee piatakinh¥ i0h athpaenal; gt eghiran, RAts
whi ch det ect bagﬁggﬁgdngn%J%ioutgyt froHlaaid 30 frequency converters; a
baseband diversrty equaﬂlzaﬁidﬂn ombf At g pdFE SAHfi e BB ABY B ut s of
said orthogonafoderegtngn aparast wnich baséband denbdumbmat regipart which
35 converts out@uinohifgl ¢chaseland- 4 Yershly ingqalizatipn conbining part

into an original

10

20. The information transmission system as
claimed in claim 47, said diversity combining part
15 comprising a part which performs selection combining
for a plurality of input signals according to
receive level. '

20

51. The information transmission system as
claimed in claim 47, said diversity combining part
comprising a part which performs equal gain

25 combining for a plurality of input signals.

30 52. The information transmission system as
claimed in claim 46, said baseband diversity
equalization combining part comprising:

transversal equalizers which equalize
input baseband signals; and

35 a part for performing maximum ratio

combining for outputs of said transversal equalizers.



information signal. 16 DEC 2003 -66 5 10 49. The information transm ssion
systemas clainmed in claim47, said diversity conbining part coqupfﬁﬂﬁsa
part which perfornms nmaximumratio conbining for a plurality of inpu
signals. 50. The information transm ssion systemas clainmed in claim47,
said diversity conbining part 15 conpr|5|n§ -a part whi ch perforns sel ection
conbining for a plurality of input signals according to receive level. 20
51. The information transm ssion systemas clainmed in claimd47, said

di versity conbining part conprising a part which perforns equal gain 25
conbining for a plurality of input signals. 30 35 52. The information
transm ssion systemas clainmed in claim46, said baseband diversity
equal i zati on conbining part conprising: transversal equalizers which
equal i ze input baseband signals; and a part for perform ng maxi mumratio
conbi ni ng for outputs of 3%?d T?%néU@P§EPté&qu€ﬁ#%@l%?BOE)EY€t2@035-67
53. The |nfdinaclamm9dammﬂcﬁnrmlsasteahdsba&dﬁ&hdﬁﬂhvék§iﬁyﬁ146 sai d

baseband dlvers%&gaggggwlaglégwggase % ga&kﬁﬁyg%éﬁgggpartr?g?versm

equal i zers whi ch“equal’i’ze | npu
per f or mi ng selectlon ConbMﬁaRFversal equallzers which equalize

input baseband signals; and
a part for performing selection combining
10 for outputs of said transversal equalizers.

15 54. The information transmission system as
claimed in claim 46, said baseband diversity
equalization combining part comprising:

transversal equalizers which equélize
input baseband signals; and

20 a part for performing equal gain combining
for outputs of said transversal equalizers.

25 _
55. The information transmission system as
claimed in claim 46, said baseband diversity
equalization combining part comprising an adaptive
decision feedback type transversal combining
30 diversity part.

35 56. The information transmission system as
claimed in claim 55, wherein said adaptive decision

feedback type transversal combining diversity part



10 for outputs of said transversal equalizers. 15 20 25 54. The information
“transmi ssion systemas clained in claim46, said baseband di vergig§tC 2003
.equal i zation conbining part conprising: transversal equalizers which
equal i ze input baseband signals; and a part for perform ng equal gain
conbining for outputs of said transversal equalizers. 55. The information
transm ssion systemas clainmed in claim2#68-said baseband diversity
equal i zati on conbining part conprising an adaptive decision feedback, type
transversal conbinin BQ%fiversity part. 35 56. The information

transm ssi on sy§F§ﬁ|%§ HHheYei ALEP&ilHSS, fahelet ArBAnd ngd&8E ve deci si on
f eedback type t rars\farsiadnicondi niagddicvansivier a1 tedub142E6-6 2003 -68 5 10
uses an adaptive algorithmfor determning tap coefficients of said
transversal equalizers. 57. The information transm ssion systemas clained
in claim56, wherein RLS algorithmis used as said adaptive algorithm 58.
The informatg on transm ssion systemas 15 clainmed in claimb56, wherein LM
~algorithmis used as said adaptive algorithm 20 25 30 35 59. An

i nformation transm ssion net hod

27. The information transmission system as
claimed in claim 56, wherein RLS algorithm is used
as said adaptive algorithm.

10

58. The information transmission system as
15 claimed in claim 56, wherein LMS algorithm is used
as said adaptive algorithm.

- 20
59. An information transmission method
used for transmitting information from a sending
apparatus to a receiving apparatus, said information
transmission method comprising the steps of:

25 said sending apparatus modulating an
information signal, transmitting said information
signal which is modulated to said receiving
apparatus via a plurality of routes as a radio
signal and an optical signal;

30 said receiving apparatus receiving said
radio signal transmitted from said sending apparatus
and outputting a first signal, and receiving said
optical signal transmitted from said sending
apparatus and outputting a second signal; and

35 - said receiving apparatus combining said
first signal and said second signal, and

regenerating said information signal.



used for transmtting information froma sending apparatus to a receiviq?
apparatus, said informati on transm ssion nethod conprising the steps of 6 EC?MB
"said sendi ng apparatus nodulating an information signal, transmtting said

i nformation
plurality of
recei ving apparatus receiving said radio

si gnal

gnal transmtted fromsaid

sendi ng apparatus and outputting a first signal, and receiving said
transmtted fromsaid sending apparatus and outputting a

optical signa

second si gnal

2003 -69 5 60. The information transm ssi on net hod as

which is nodul ated to said receiving apparatus via a
routes as a radio signal andégg optical signal; said

and said receiving apparatus conbining said first signal
and said second signal, and regenerating. said information signal. 16 DEC

said information transm ssion nethod further conprising the steps of:

sendi ng apparatus dividing said information signal into a first signal

clainmed in claimb59,

sai d

part and a 510 second sigrédl. pehi¢ ; inbferRhnisa & rseuh Ngs PRAKALUS L kansni ts
said first sign . i iving.apparatus . as a radi o signal,
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optical .15 sigRaFhodoferthiy iedmpnasing thanstiess anf net hod

transmtting infornation_g%q@z%éﬁﬁmmggapgggﬁgggU%fJ{&gg€0$%y&ng

appar at us, i
sel ecting one of™a%f"

node,

sai d, i forngtlon t.ransm ssion _ )
FEEOPr SRS bt frofle L 125 tafd S asle ot t 2AAsAT ssi on

conprisin

sai d19endiagongpaighnad diasdtdi ng an :

.15

20

25

30

35

wherein said sending apparatus transmits
said first signal part to said receiving apparatus
as a radio signal, and transmits said‘second signal
part to said receiving apparatus as an optical
signal.

61. An information transmission method
used for transmitting information from a sending
apparatus to a receiving apparatus, said information
transmission method comprising the steps of:

selecting one of a first transmission mode
gnd a second transmission mode,

said sending apparatus dividing an
information signal into a first signal part and a
second signal part, modulating said first signai
part and said second signal part;

controlling said sending apparatus such
that said first signal part is transmitted to said
receiving-apparatus as a radio signal and said
second signal part is transmitted to said receiving
apparatus as an opticai signal when said first
transmission mode is selected;

controlling said sending apparatus such
that said information signal is transmitted to said

used for

and

e steps of:



information signal into a first signal part and a second signal part,
nodul ating said first signal part and said second signal part; 30
controlling said sending apparatus such that said first signal pag(tt 30
transmtted to said receiving apparatus as a radio signal and said second
signal part is transmtted to said receivi @g apparatus as an optical

signal when said first 35 transm ssion mod@7i s sel ect ed; controlling said
sendi ng apparatus such that said information signal is transmtted to said

16 DEC 2003 -7 9, rat us V|aa lurali routes including a
radi o transm sg:l cg:(r%cis}ol'{‘% ﬁgggn%opt Vég @ ‘#%%yo Iy 50t Sthen sai d
second transni sgicdmdipgeai saslebe(ttre@srrﬁmcd'l receiei agdapparcattiiscal .
nul tipl exi ng S%ﬂéngﬂféﬁléhgPéht@agEe%“§é¥HE%é@&ﬁ&dt§hﬂgﬂls 'dn Mhen el

first transm ssion node i s selecte sal d recelving appara
di versity- conBiPfitnd Sa3L ¢RF8Fmati on signal which is 10 transni tted vi a

said pluralsty of routes ghea Eébglviﬂ%() %ﬁé@aﬂ@@bsxﬁh%lm@%ﬂnﬁ sel gt ed.
15 62. The mf&irmatlon transm silon met ho laimed in claime6l, vvherel n-

said first trahdficSsi®fabdefE eBfedfed WRGPRT ahsATasi BAITOMED bet ween
.sai d sendi ng appar itlu:ssmnﬁraaimdlsemenvmngieappar:aéuaﬂédar anidn a first

~condition, and said seco@aldt£égé gbogpg)gi sgle ted Wnen sai d
transm ssion routes between sald sendrngappara SsCahd” sai H recei vi ng

apparatus are FATRISddchPabhdiRformakion signmk sehithnisaid first
condition.1®5 8Ransmitted via said plurality of routes when said

second transmission mode is selected.

15
62. The information transmission method as

claimed in claim 61, wherein said first transmission
mode is selected when transmission routes between
-saild sending apparatus and said receiving apparatus

20 are in a first condition, and said second
. transmission mode is selected when said transmission
routes between said sending apparatus and said
receiving apparatus are in a second condition which
is worse than said first condition.

25

63. A sending apparatus comprising:
30 a radio signal modulation part for
modulating an information signal;

a radio signal transmitter for
transmitting said information signal which is
modulated as a radio signal; and

35 an optical signal transmitter for
transmitting said information signal which is
modulated as an optical signal.



35 63. A sending apparatus conprising: -radio signal nodulation part for
nodul ating an information signal; radio signal transmtter for
transmitting said information signal which is nodulated as a radi bDEC @ial ;
and an optical signal transmtter for transmtting said information signal
which is nodulated as an optical signal._%6_DEC 2003 -71 5 64. The sending
apparatus as clained in claim®63, said sending apparatus further
conprising: . a signal conversion part for converting said information
signal which is nodulated to a radio signal of an internediate frequency
band; 10 a frequency conversion part for converting frequency band of said
radio signal to a radio frequency band; an optical signal conversion part
for converting said radio signal of said internmediate 15 frequency band
to an optical signal. 20 25 30 65. The sending apparatus as clainmed in

cl aim 63, said sending apparatus further conprising: a digital signal
conversion part for converdi nbhsasdnidnhgr e@piaor tsignas tbaamdﬁgﬁha

signal; an anal ggashoRal, %Oawré@ﬁ?iggr%gp\é B £ 2 Qbfng s3hagal into

a radio signal of an anal og ~si i cal
conversion part for convé’rt%@“%hl GOEVQF!SéIOf’sEg}féJ Q@ apCRPEFEANTSI gnal .

said information signal which is modulated to a
radio signal of an intermediate frequency band;

ig a frequency conversion part for converting
frequency band of said radio signal to a radio
frequency band;

an optical signal conversion part for

converting said radio signal of said intermediate

15 frequency band to an optical signal.

20 65. The sending apparatus as claimed in
claim 63, said sending apparatus further comprising:
a digital signal conversion part for
converting said information signal to a digital
signal; |
25 an analog signal converter for converting
said digital signal into a radio signal of an analog
signal format; and
an optical signal conversion part for
converting said digital signal to an optical signal.
30

66. The sending apparatus as claimed in
35 «c¢laim 63, said sending apparatus further comprising:
a signal dividing part for dividing said

information signal into a first signal part and a



66. The sending apparatus as clainmed in 35 claim63, said sending

“apparatus further conprising: a signal dividing part for d|V|d|n€ ;gggu
information signal into a first signal part and a 1 6 D EC 2003 5 QAnd

signal part; wherein said radio signal transmtter transmts said first
signal part as a radio signal, and said gptical signal transmtter
transmts said 5 second signal part as an optical signal. 10 67. A sending
apparatus conprising: a node selection part for selecting one of a first
transm ssi on nn@@dynhegﬁ@ﬁ@pdpggansnlSS|on node, a signal dividing part

for dividing an 15 information,signal intg a first_signal part and a
second signal part: radlona?%ﬁ%fnngaﬁﬁaﬁﬁﬂ+ﬂxﬁ%%9§%rtrﬁﬁé@P&ﬁ%ﬁ)saJd

first signal pattamuhrﬁncbse@oﬂﬂrsﬁlgﬁ@hapaqknn203§ £0pbHAb @a@hahor
controlling said [ t h that sgi,d st _si part S
transmtted as a ra qu §9Pf8%%dg§gg§§secgﬁ§”'qﬁﬁ% Eﬁ??mggstﬁéﬁ§h1tted
as an opti cat sﬁ&ﬁ@WdMﬁ%ﬁnéﬁumﬁttrgﬁ anawpmkﬁaknsn@MQlLs sel ected; 25
said control part controlling said sending apparatus such that sai d
information signal is transmtted via a plurality of routes including a
radio transm ssion route and an optical transm ssion route when said
second transm ssion node is selected. 30 68. The sendi ng apparatus as

claimed in 35 claim67, wherein said node sel ection part selects said

first transm ssion node when transm ssion
10 67. A sending apparatus comprising:

a mode selection part for selecting one of
a first transmission mode and a second transmission
mode ,

a signal dividing part for dividing an

15 information signal into a first signal part and a

second signal part;

radio signal modulation parts for
modulating said first signal part and said second
signal part;

20 a control part for controlling said
sending apparatus such that said first signal part
is transmitted as a radio signal and said second
signal part is transmitted as an optical signal when
said first transmission mode is selected;

25 said control part controlling said sending
apparatus such that said information signal is
transmitted via a plurality of routes including a
radio transmission route and an optical transmission
route when said second transmission mode is selected.

30

68. The sending apparatus as claimed in
35 claim 67, wherein said mode selection part selects
said first transmission mode when transmission

routes between said sending apparatus and a



routes between said sending apparatus and a 1 6 DEC 2003 -73 receiving
apparatus at the other end are in a first condition, and said mpgQEC 2003
sel ection part selects said second transm ssion node when said

transm ssion routes are in a second condition which is wirse than 5 said
first condition. 10 69. A receiving apparat4s conprising: a radio signal
receiver for receiving a radio signal and outputting a first signal; an
optical signal receiver for receiving an optical signal and outputting a

second signal; rdbeaddny Sifata €@HDLEDI PHePBih SOl fPMPLAI DY saicd - ki rst
signal and said seﬁond signal, and reﬁéneratlng said information signal.
20 70. The recefOrAGtafBar At SATEIRPABASPRACSEHXATMBREL sBf HeFEsedilg

appar at us furt heec@bdcampmissiings i @én nwoee Seheeat iseri Ppartadonisekesgti ng one of
a first transm ssi d a second transm.ssion . node; wherein said
first signal an§ %ggangg%oﬁ B ST Yhal CAPEfrdPE YhetCE3Fd tPRRst
transm ssi o® notkeidsfizbécteddiandsaid first signal and said second
signal are diversity-conbined by said signal conbining part when said
second transm ssion node is selected. 35 1 6 DEC 2003 -74 71. The
receiving apparatus as clained in claim70, wherein said node selection
part selects said first transm ssion node when transm ssion

10 69. A receiving apparatus comprising:
a radio signal receiver for receiving a
radio signal and outputting a first signal;
an optical signal receiver for receiving
an optical signal and outputting a second signal;
15 and
a signal combining part for combining said
first signal and said second-signal, and

regenerating said information signal.

20

70. The receiving apparatus as claimed in
claim 69, said receiving apparatus further
25 comprising:
a mode selection part for selecting one of
a first transmission mode and a second transmission
mode;
whereln said first signal and said second
30 signal are multiplexed when said first transmission
mode is selected, and said first signal and said
second signal are diversity-combined by said signal
combining part when said second transmission mode is
selected.
35



5 routes between said sending apparatus and said receiving appar@@g &{e
in a first condition, and said node selection part selects sai d K
transm ssi on node when said transm ssion routes between said sending

- apparatus and said receiving 10 apparatus are in a second condition which
is worse. than said first condition. 15 2p,25 30 35

71. The receiving apparatus as claimed in
claim 70, wherein said mode selection part selects
said first transmission mode when transmission

5 routes between said sending apparatus and said
receiving apparatus are in a first condition, and
said mode selection part selects said second
transmission mode when said transmission routes
between said sending apparatus and said receiving

10 apparatus are in a second condition which is worse

than said first condition.
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