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2 1 NOV 2001 

INFORMATION TRANSMISSION SYSTEM AND 
INFORMATION TRANSMISSION METHO~, AND, OPTICAL SPACE 
TRANSMISSION SYSTEM AND OPTICAL SPACE TRANSMISSION 

S METHOD 

BACKGROUND OF ~HE INVENTION 

l. Field of the Invention 

The present invention relates to an 
10 information transmission method and the system. 

More particularly, the present invention.relates to 
an information transmission method and the system 
tolerant of both of rain and fog. In addition, the 
present invention relates to a~ optic~l space 

15 transmission system and the method in which 
degradation of transmission quality and circuit 

. . . . . . .. . ... . . ··~ . . 
disconnec~ion are decreased. 

2. Description of the Related Art 
First, conventional technologies of a 

20 first aspect will be described. 
Figs.lA and lB 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 8 and 
output from an output terminal 4. 

As for an example shown in Fig.lB, in the 
35 sending station l, a signal to be transmitted is 

input from an input terminal 3. Then, the signal is 
converted to a signal format for optical 

... 
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transmission by a signal converter 5. The optical 

transmitter 6 sends th• optical signal to the air. 

The optical signal is ~eceived by an aperture 
enlarged by a receive aP,erture enlarger 9 in the 

5 receiving side 2. Then, the optical signal forms an 

optical image on a receive aperture surface of an 

optical receiver so that the optical signal is 

received by the o~tical receiver 7. The optical 

signal received by the optical receiver 7 is 

10 converted to an electrical signal. The electrical 
signal is converted into an information signal by a 
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 I intensity Of :r::eceive 
light may fluctuates (spot dancing, beam bending, 
scintillation) in the receiving station since the 

20 refracti~e index of the air changes due to. 
:fluctuations of air te~perature and humidity so that 
propagation path of the light beam fluctuates. Thus, 
there is a problem in that circuit quality : 

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.lB. However, it is 

30 difficult to prepare a large aperture due to lack of 

image formation te~hnique and limitation of the size 

of the apparatus. In the configurations shown in 

Figs.lA and lB, although electrical/optical (E/0) 

converters and optical/electrical (O/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 

------ -
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described. 

Conventionally, a radio transmission and 

an optical space transmission are performed 

separately. The conventional information 

5 transmission method will be described with reference 

to Figs.2A and 2B. Fig.2A is a block diagram of a 

conventional radio transmission system. and Fig.2B 
is a block d~aqram of a conventional optical space 

transmission system. 

10 In a conventional radio transmission 

system, data (information signal) is input from an 

inpu~ terminal in a sending station 1001. The 

signal is converted into a radio signal of :t;'adio 
frequency band by a radio modulator 1002, and sent 

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

20 

In a recei~ing station.1005, the ~ent 

radio· signal is received by a radio receiver 1007 

v~a ~n antenna 1006, and the r~ceived siqnal is 
demodulated into original data (information siqnal) 

by a radio si9nal.:demociulator 1008. 

on the other hand, according to a 
conventional.optical space transmission system.showri 

in Fig.2B, data (information signal) is input from 

25 ari input terminal in a sending station 1009. The 

siqnal 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/0) 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 receiv~r 
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 
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signal converter 1016.· 

Accordingly, since either radio 

transmission or optical transmission is used for 
conventional information transmission, the sending 

5 station and the receiving station in a radio 

transmission system only have functions of sending 
and receiving a radio signal respectively, and the 
sending station and the receiving station in a 
optical space transmission system only have 

10 functions of sending and receiving· an optical signa~ 
respectively. 

However, for.realizing high capacity 
iriformatiol'i 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 frequency band 

(subrnillimeter·wave, millimeter wave), This 
frequency band is-resistant to fog, however, very 
large prtipagation lo•s.occurs due to rain· in this 
frequency band. Thus, it· is necessary to provi·de 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 conside~ing 

attenuation by fog. 

As mentioned above, the conventional 
information system in which only one of radio 
transmission and optical space 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 
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distance transmission are difficult. 

SUMMARY OF THg INYENTION 

It is a first object of the present 

5 invention to provide an optical space transmission 

system, an optical space transmission method and an 

optical space transmission apparatus which can 

decrease degradation of transmission quality and 

circuit disconnection even when the refractive index 

10 of the air changes due to fluctuations of 

temperature and humidity of the air. 

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. 

20 

The above object is achieved by an 

,.information transmission- system for transmitting 

information from a sending apparatus to a receiving 

app~ratus, the information transmission system 

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 

a receiving apparatus for receiving the 

plurality of signals from ~he sending apparatµs, 

combining t~e plurality of signals, and ou~putting 

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 
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which are used in radio communic.ation can be applied. 
Thus, degradation of transmission quality and 
circuit disconnection can be decreased, and high 
quality transmission can be performed even when the 

5 refractive index of the air changes due to 
fluctuations of temperature and humidity of the air. 
Further, since transmission by both of an optical 
signal and an radio signal can be performed, an 
information transmission system resistant to both of 

10 rain and fog can be provided. 

The above object is also achieved by an 
optical space transmission system i~ which a sending 
side (a first optic•! 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 
s~corid optical •pac$ trans~ission 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. 

25 

Accordingly, by receiving the transmitted 
optical signal by: a plurality of optical receivers, 
a plurality~f optical signals having re~atively low 
correlation can be obtained via almost independent 
optical paths. In addition, by sending the 
information signal after converting into a radio 
modulation signal, radio signal processing can be 
applied for baseband processing in the optical 

30 transmitters and optical recei~ers. Thus, receive 
quality 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 

... 
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converts signals of the branches into optical 

signals and transmits said optical signals to the 

air. Or, the sending side divides the information 

signal into a plurality of branches, converts the 

5 signals of the branches into radio modulation 

signals which are sent to the.air as optical signals. 

The receiving side receives the optical signals 

together and converts the optical signals into 

electrical signals, and equalizes and combines the 

10 electrical signals. · 

· Accordingly, by sending signals from a 

plurality of optical transmitters, receiving the 

-signals together by one optical_rec~iver, and. 

equalizing and combining the output, diversity 

15 combining effect can be obtained for a plurality of 

·optical signals having relatively ~ow correlation -

.·via almost .. independent optical paths. In additi.Qn_, 

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 

plftrality of optical transmitters and a plurality of 

25 optical receivers can be realf zed in addition to a 

configuration including one optical transmitter and 

a plurality of optical receivers, and a 

configurat~on including a plurality of optical. 

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 into electrical 

signals, equalized and combined. As a result, ~ime 

diversity reception can be realized. 
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Accordingly, degradation of transmission 

quality due to effect of fluctuating path according 

to time can be dispersed with respect to time so 

that transmission quality can be improved. 

5 In addition, the sending side converts an 

information signal to be sent into a radio 

modulation signal,- divides the radio modulation 

signal into _a plurality of branches, delays a signal 

of a branch, multiplexes the delayed signal with 

10 another signal, and sends the multiplexed signal as 

an optical signal. - The receiving side receives the 

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. 

20 

Acc:ordingly·, · de·gradation of transmission 

quality due- to- e··ffect o"f fiuctuat.ing path according 

to time ·can be dispersed with respect to time so 

tha't. tran·smission qual·ity can be improved. -

In the above-configuration, the radio 

signa-1 modulatio'n part may include a baseband, .... 

modulation part, and a orthogonal modulation part 

which orthogonally modulates output of the baseband 

modulation pa-rt. As ·a result, ·the _baseband radio 

25 modulation signal can be transmitted as an optical 

signal. The radio signal modulation part may 

conyert 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 detec~ion part, and a baseband 

demodulation part which converts output of the 

equalizer into an original information signal. 
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In addition, the radio signal processing 

part may include a frequency converter which 

converts a radio modulation signal of intermediate 

frequency band or radio frequency band, an 

5 orthogonal detection part which detects the baseband 

signal output from the. frequency converter, an 

equalizer which equalizes output. of the orthogonal 

detection part, and a baseband demodulation part 

which converts output of the equalizer into an 

10 original information signal. 

15 

20 

Accordingly, when receiving optical 

signals sent from a plurality of optical 

transmi tter.s, the signals can be equalized -a-nd 

combined by using the equalizer. 

The diversity radio signal processing part 

may include a plurality of orthogonal detection 

·parts which-de.tact basepand signals received.by the 

optical receivers, and a baseband diversity 

equalization combining part which combines outputs 

of the. orthogonal d"etection parts. 

. ,- The di:versity_ :r.~~Jo sign,al processing part 

may include a diversity combining part which 

combines signals of intermediate frequency band o+ 

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 baseban~ radio modulation 

signal output from.the frequency converter, an 

equalizer which equalizes and combines output of the 

30 orthogon~l 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 fo~ 

signals of inLermediate frequency band or radio 

frequency band received by the op~ical receivers, 

• 
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and a baseband diversity equalization combining part. 
The diversity combining part for the 

intermediate frequency band or the radio frequency 
band may include a part for maximum ratio combining, 

5 selection combining or equal gain combining. The 
baseband diversity equalization combining part 
equalizes a plurality of baseband signals, and 
performs the maximum ratio combining·, the selection 
combining or the equal gain combining. Or, the 

10 baseband diversity equalization combining part may 
include adaptive decision feedback type transversal 
combining diversity. The adaptive decision feedback 
type transversal combining.diversity may use an 
adaptive algorithm for determininq tap coefficient 

15 of t.he trans"'7ersal 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 

20 transmitting information from a sending apparatus to 
a receiving apparatus, the information transmission ... 
method including the steps of: 

25 

the sending apparatus modulating an 
information signal, transrnii:ting the information 
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 transmi t.ted from the sending appara.tus 

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

the rec.eiving 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 
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the radio signal and the optical signal and the 

signals are diversity-combined in the receiving 

station, even when one of signals in th~ two systems 

is largely attenuated due to rain or fog, other 

5 $ignal is not largely 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 by diversity-

10 combining the signals. 

The information transmission method may 

further includes the s~eps 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 f~rst signal part.to the receiving apparatus as 

a radio signal, and transmits the second signal part 

to the:re~eiving apparatu~ as an optical signal .. 
20 · Acc~rding to the.invention, transmission· 

c~pacity_c~p.be doubied by transmitting dif£~rent .. 
signals.by a radio transmission route and an optical 

space transmission route. 

The above-object is also achieved by an 

25 information transmission method used for 

transmitting information from a sending apparatus to 

a receiving 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, modulati~g the first signal part 

and the second s~gnal 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 
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signal part is transmitted to the receiving 

app~ratus as an optical signal when the first 

transmission mode is selected; 

controlling the sending apparatus such 
5 that the information signal is transmitted to the 

receiving ~pparatus via a plurality of routes 
including a radio transmission route and an optical 

transmission route when the seco~d transmission mode 

is selected; 

10 the receiving apparatus multiplexing 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 is1 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 
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in which propagation loss is relatively large can be 
called a second state. 

According to the invention, when the 
condition is good, transmission capacity can be 

5 doubled by transmitting different signals by a radio 
transmission route and an optical space transmission 
route. When the c.ondi tion is not good, 
communication quality can be maintained by 
transmuting the information signal via the two 

10 routes which are the radio transmission route and 
the optical space transmission route. 

15 

The above-object is also achieved by a 
sending appa:r;;atus includl.ng: 

a radio signal modulation part for 
modulating an information signal; 

a radio signal transmitter for 
transmitting·the'information signal which is 
modulated as a radio signal; and 

an optica1·signal 1:.ransmit:.ter 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·C!ptical 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 
i.ncludes: 

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; 

~· ,':: .- :· 
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an optical signal conversion part for 
converting the radio signal of the intermediate 
frequency band to an optical signal. 

According to the invention, since a signal 
5 to be applied to the electrical/optical converter 

becomes a radio signal of intermediate frequency 
band, it becomes unnecessary to use a device 
applicable to high frequency band in which operating 
frequency character~stic is radio frequency band as 

10 the electrical/optical converter. Thus, cost 
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 .ana.1·09 sigilal converter for conv·erting - . ··.·; .· 

the digital signal into a radio signal of an analog 
signal format; ·and 

·20 an optical signal conversion part for 
conve.rting .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 may further 
includes: 

a signal dividinq part for dividinq 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: 
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a mode selection part for selecting one of 

a first transmission mode and a second transmission 

mode, 

a signal dividing part for dividing an 

5 information signal into a first signal part and a 
second signal part; 

radio signal modulation parts for 

modulating the first signal part and the second 

signal part; 

10 a control part for controlling the sending 

_apparatus such that the first signal part is 

transmitted as a radio signal and the secon~ 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 

trahsmitted-via a·=~lurality -0f ~outes·including.a 

radio transmission route and an optical transmission 

route when the second transmission mode is selected. 

20 In the sending apparatus, the mode 

selectio~·part may select the first transmission 

modewhen transmission routes between the sending 
apparatus·and a receiving apparatus at the other end 

are in a first condition, arid the mode selection 

25 part rnay 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 
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the information signal. 
The receiving apparatus may further 

includes: 
a mode selection part for selecting one of 

5 a first transmission mode an_d a second transmission 
mode; 

wherein the first signal and the second 
signal are multiplexed when the first transmission 

mode is selected, and the first signal and the 
10 second signal are diversity-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.~ f.irst .- __ .. 

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·. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 lB 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 
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transmission system; 

Fig.3 is a block. diagram showing an 

example of a first embodiment of the present 

invention in which plurality of op~ical receivers 

5 are provided in the receiving station; 

10 

Fi9.4 is a block diaqram showing an 

example of the first embodiment of the present 

invention in which plurality of optical ~ransmitters 

are provided in the sending station (1) ; 

Fig.s· is a block diagram showing an 

example of t~e 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 opt~cal 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 

~O invention in which plurality of optical transmitters 

and plurality o-f. 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 opt~cal 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 part of send siqnals is delayed (1) ; 

Fig.11 is a block diagram showing an 
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example of the first embodiment of the present 

invention in which plurality of optical transmitters 

and plurality of optical receivers are provided and 
a part of send signals is delayed (2); 

Fig.12 is a block diagram showing an 
example of the first embodiment of the present 
invention in which an optical transmitter and an 

optical receiver are provided and a delay circuit is 
provided in the sending station; 

10 Figs.13A and 13B are block diagrams 
showing radio signal modulation parts; 

Figs.14A and 14B are block diagrams 
show.ing radio s.ignal .. p.rocessing parts; 

Figs.lSA-lSC are block diagrams showing 
15 diversity rad.io signal processing parts; 

Figs .16A.-_16·C are block diagrams showing 
diversity c.ombining .parts;• - ... :.. .· . .:.. -·· 

Figs.17A-17C are block diagrams showing 

baseband diversi·ty equalization combining parts (1); 
20 Fig.18 is ~block diagram showing the 

baseb.and,· ~i:ve.rsity .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 th~ 
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 pa:rt 113; 

Figs.23A-23C show example block diagrams 
of a diversity combining part; 

35 Fig.24 is a block diagram tif the 

information transmission system of an example 2-4 of 
the second embodiment of the present invention; 
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Fig.25 is a schematic diagram showing 
switching' states of distribution switches 603 and 
606 when propagation loss in the propagation route 
is relatively small; 

5 Figs.26A and 26B are schematic diagrams 

showing switching states of the distribution 

switches 603 and 606 when propagation loss in the 
propagation route is relatively large; and 

Fig.27 is a block diagram of the 
10 information transmission system of an example 2-5 of 

the second embodiment of the present invention. 

DETAILED DESCRTPTION OF THE PREFERRED ..EMBODIMBNT·S 

In the following, embodiments of the 
15 present invention will be described with reference 

20 

25 

to figures. In the present invention, a sendi"rig 
s·ta:tion · sends a plurality of signals including· an· · .. · .· 
optical signal, and a receiving station performs 
signal processing such as di vers·i ty combining ·· 
pro .. cessing, so that high quality signal transmission 
becomes available·. -··In· ,the· followi.ng, an embodiment ·.· 
in which 6nly optical signals are transmitted will 
be described as· a. first embodiment, and an 
embodiment in which an optical signal and a 
signal are transmitted will be described as 
embodiment.·. 

<First embodiment> 

In the following, the first 

radio 

a second 

embodiment which relates to the first objec~ 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/O} converters and 

35 optical/electrical (0/E) converters are not shown in 

the figures. 

Figs.3-5 show configurations of the 



.· : ~ . 

2001i11~198 20~56~ !TOH INTERNATIONAL PAT~Nl O~~IC~ No. ~960 P. 24 

-20-

sending station and the receiving station in which a 
plurality of optical transmitters or a plurality of 
optical receivers ~re provided. 

In the following examples, two optical 

5 transmitters or two optical receivers are provided 

for an example of a plurality of optical 

transmitters or a plurality of optical receivers. 
However, more optical transmitters or more optical 
receivers can be provided. 

10 In Fig.3, in a sending station 10, an 

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 optical 
transmitter 13. 

In a recei~±n~ *t~tion 20, the transmitted 
.optical signal is received by optical receivers 22i 

and 22 2 • The optical signal is converted into an 
20 electrical signal in each of the optical receivers 

22 1· -and 22 2 •· ·.The ·outputs. f.rom the optical rece-i:vers 

221° and 22 2 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 

. ... · .... ~- .... 
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divided into a plurality of routes by a divider 14. 
(Although the signal is divided into two in the 

example shown in Fig.4, the number of division is 

not limited to two. The present invention can be 

5 applied to more than two divisions. The same holds 

true for the following examples.) Then, each of the 

divided signals is converted into.an optical signal 

by optical transmitters 131 and 132 and transmitted 

to the air. 

10 Each of the optical siqnals transmitted to 

the air are received by an optical receiver 22 in 

the receiving station and converted into electrical 

signals. The·· electrical siqnals are equalized,. .. 

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· siq-nal ·is' output· from the output terminal 

21. 

Eig~8 shows a modification of the 

20 tonfiguration shown in Fig.4. In the configuration 
, ·· ·, sho.wn. in- .. Fig .. ·B:, a ·~c;ielay circuit. 1-6 is. i.nserted- .. 

between one of outputs of the divider 14 and one of 

the optical transmitters~ 

As shown in Fig.a, 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. In 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 sending station 10, an 

information signal input from ·the input terminal 11 
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is divided into a plurality of signals by a divider 

15. Each of the divided signals are converted to a 

radio modulation signal by radio signal modulation 

parts 12 1 and 122 • Each of the outputs is converted 

5 into an optical signal and is transmitted to the air 
by an optical transmitter 131 or 132 • 

The transmitted optical signals are 

received by an optical receiver 22 in the receiving 
station 20 and converted into electrical signals. 

10 The electrical signals are equalized, combined and 

demodulated so that the electrical signals are 
converted into the original information signal and 

·output from the output terminal 21. 

Fig.9· shows a modification 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 radio signal modulation ·parts 121 an~ 12~· (the 
radio signal modulation part 12 1 in the example of 

Fig.9) and one of the optical transmitters .. 

20 As shown in F~g.9, by delaying the signal 
output from,the,radio signal modulation part 12 1 and ····­
optically transmitting,the signal, time diversity 

effect .can be obtained in the receiving side. 

Therefor, transmission quality can be further 
2 5 improved. 

The delay circuit can be provided at 

another output of the radio signal modulation parts. 
In ad~ition, 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 modulation part 12 is 
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divided so that optical transmitters 13 1 and l3z are 

provided. As for the sending station 10 of Fig.7, 

the information signal input from the input terminal 
11 is div~ded into two signals each of which signals 

5 is transmitted to the air by the optical transmitter 
131 or 132 via the radio signal modulation part 12 1 

or 12 2 • 

In the receiving station 20 shown in 

Figs.6 and 7, optical signals received by optical 

10 receivers 22 1 and 22 2 are converted into electrical 

signals. The ~lectrical signals are equalized and 
diversity-combined by a diversity radio· signal 
processing part 24. 

Figs.10 and ll sho~ modifications of 

15 Figs. 6 and 7 respecti~ely, where the delay circuit 
16 is in•~rted in ~ne of the branches.· According to· 
the configuration·s· shown in ·Figs .10 and 11, same ,,. · · .· 
signals are transmitted from the sending station 10 

at different times so that time diversity effect can 
2 0 also be obtained in the receiving station 2 0. Thus, · . 

transmis·sion ·qual·ity ·Can be further improved~·; ,-- ·'· . .- c·:·;' · 

I~ F~g.12~ the information signal input 
from the input terminal ll 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 multiplex~r 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 processing part 23. 

Thus, the original information signal is obtained 
and output from the output terminal 21. 
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According to the configuration shown in 
Fig.12, the radio modulation signal is divided, one 
of the divided signals is delayed and ~ultiplexed 
with another divided signal. Then, the multiplexed 

5 signal is transmitted. The signal is equalized and 
combined in the receiving station. Accordingly, 
time diversity effect can be obtained. 

Figs.13A and 13B shows configurations of 
the radio signal modulation par~ in Fig~.3-12. 

lO Fig.13A shows the radio signal modulation 

15 

part for baseband transmission. 
In this configuration, an input 

informatiori signal is converted into a baseband 
modulation signal including I (In Phase) component 
and Q (Quadrature Phase) component by a baseband 
radio modulation part 33. Then, the I component '-and 
the ·o 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 f~equency band by a local 
oscillator 36 and a frequency converter 35 and the 
converted signa1 is output from the output terminal 
32. 

Figs.14A and 14B show the radio signal 
30 processi~g part in Figs.4, 5, 8, 9, 12. That is, 

the radio signal processing par~ is used in the 
receiving station which includes one optical 
receiver. 

Fig.14A shows a configuration for baseband 
3 5 transmission. An input baseband radio modulation 

signal is orthogonally detected by an orthogonal 
detection pa.rt 43· so that the I and Q.components are 
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output. As for the I component and the Q component, 

direct wave component and delay wave component are 
equalized and combined by an equalizer 44. Then, 
tne I component and the Q component are converted 

5 into the original information by a baseband 

demodulation part 45. 

Fig.14B shows a configuration for 

intermediate frequency band or ~adio frequency band 

transmission. An input radio signal of the 
10 intermediate frequency band or the radio frequency 

band is converted into a baseband signal by a 
frequency converter 46 and a local oscillator 47. 
The output is-converted int~- the original 
information signal by the orthogonal detection part 

15 43, the equalizer 44 and the baseband demodulation 
part 45. 

Figs .1-5A-.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 Fi9s.3, 6, 7, 10, 11. 
··· ··. - .. - - , - -- - ::· F-i9'-• lSA-:. shows the- diversity radio. signal 

processing.part for baseband transmission. Each of 

input baseband ra~io signals is orthogonally 
detected in an orthogonal detection part 53 1 or 53 2 

25 so that I and Q components are output. The outputs 
from the orthogonal detection parts 53, and 532 are 
equalized and diversity-combined by a baseband 
divers.ity equalization combining part 54. · Then, the 

output from the baseband diversity equalization 
30 combining part 54 is converted into original 

information signal by a baseband d~modulation part 
55 and the information signal is output. 

Figs.lSB and 15C are for intermediate 

frequency band or radio frequency band transmission. 
35 Fig.lSB is the diversity radio signal 

processing part which performs diversity combining 

in the intermediate frequency band or the radio 
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frequency band. 

A plurality of input radio signals of the 

intermediate frequency band or radio frequency band 

are diversity combined by a diversity combining part 
5 56. The output is converted into a baseband signal 

by a frequency converter 57 and a local oscillator 
58 and is equalized by an equalizer 59 via an 
orthogonal detection part 53. Then, th~ original 
information· signal is obtained by the baseband 

10 demodulation part 55 and output from the output 
terminal 52. 

15 

Fig.lSC shows the diversity radio signal 
· processing•·part for performing diversity combining · -~· 
by baseband. 

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 1 , 57 2 

and the local oscillator 58. Then, the signals are 
20 ·orthogonally detected by the orthogonal detection 

. parts. ·53-1 . and 532'~ The outputs· are equali zed·····and. · 
diV"ersity-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-l6C show examples of the 
diversity combining part shown in Fig.15B which 
performs diversity combining by intermediate 

30 frequency band or radio frequency band. 
Fig.16A shows a configuration for maximum 

ratio combining. In this configuration, amplitude 
and phase of signals input from input terminals 61 1 

and 61 2 are detected by amplitude phase detection 
35 parts 63 1 and 63 2 • On the basis ~f the amplitude and 

the phase detected by the amplitude phase detection 
parts 63 1 and 63 2 , the amplitude and the phase are 
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controlled by amplitude phase controllers 64 1 and 64 2 

such that the signals are combined in the same phase 

and same level. Then, the signals are combined. 

Fig.16B shows a configuration for 

5 selection combining. Levels of signals input from 
-~he input terminals 611 and 61 2 are detected by 

amplitude detection parts 66 1 and 66 2 • The amplitude 

detection par~s 661 and 662 control a switch 67 

according to the detected level such that the higher 

10 level signal is switched to the output terminal 62. 

Fig.16C shows a configuration for equal 

gain combining 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.lSC in which diversity c::ombin:ing is perfprmed by 

·baseband. 

Fi9.17A shows a configuration for maximum 

ratio· combining. Fig.17B shows a configuration .for 
20 selection combining. Fig .17C shows a configurat:j..on 

for equal· ·gain combining .. , ·In each confi.guration; 

after. input I, Q component signals ·are equali~ed J::iy 

equalizers 73 1 and 73 2 , maximum ratio combining, 

selection combining or equal gain combining is 

25 performed in the same way as shown in Figs.16A-16C. 

Fig.18 shows another example of the 

baseband diversity equalization combining part used 

in Fig.15A and Fig.15C. 

'l'his 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 ~ase having K branch diversity which uses K 

optical receivers will be described. 

In Fig.18, the feed forward filters 83 1 
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and 83 2 (FFF) which corresponds to each receive 
branch and the feedback filter 88 (FBF) are formed 
by complex transversal filter since the filters deal 
with IQ baseband signal which are orthogonally 

S detected from modulation radio signal. 

Timing and phase of signals received by 
each diversity branch may be different for each 
signal due to delay time difference.of transmission 
lines. Therefore, fractional interval type can be 

10 ·used as the FFF such that timing jitter can be 
absorbed. The FBF may be symbol time interval of 
modulation signal. 

·· ·In- the f·ollowing descrip·tion, half of 
symbol time is used as the FFF time interval. In 

15 addition, the following description is for K branch 
diversity in which K optical receivers receive 
incoming o~tical s~gnals. · 

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.15A,·Fig:.·l5C)·: 
and is orthogonally detected. After orthogonal 
detection, the radio modulation signal becomes a 
baseba-nd signal having in-phc:\.se ·component (I 

25 component) and quadrature component (Q component) . 

30 

By sampling the I, Q baseband signals by using-A/D 
converters (not shown in the figure) , sampling value 
series of complex baseband signal are obtained and 
input to the input terminals 81 1 and 81 2 • 

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 Xk(i), 

Xk 11 (i) ... [y 11-(i) y~ .. (i-1/2) .. "Y1t-(i-(Np-l) /2)] (1), 
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wherein* indicates complex conjugate, N,indicates 

tap number of FFF. Tap coefficient vector W~(i) of 
the FFF corresponding to the Kth branch can be 
represented as 

5 WK8 (i}=[WK,i"(0) WK,i"(l) ... WK,/(NF-1)] (2). 

In addition, assuming tha~ judgment value, 

that is, input value to the FBF is d(i), tap signal 

X0 (i) of FBF is represented by 

X(i)=(d.(i-1) d.(i-2) .. ·d"(i-N)] (3), wherein 0 . B 

10 N8 is the tap number of FBF. Tap coefficient W0 (i) 

15 

20 

of FBF is represented as 

W0 H (i); (W0 , 1 ° (0) W0 ,s. .. {l) "' W0 ,
1

"' (N8 )] (4) • 

Signal vector X{i) obtained from the. 
equations (1) and (3) and tap coefficient vector 
W{i) obtained from the equations (2) and (4) 6an be 

.. defined as.follows. 

X 6 c i) .... [ x{ c i) Xi. 8 < i > 

W6 
( i ) = CW/ ( i ) W 1 

8 
( i ) 

X2 H ( i} ] 

W2a (i)] 

(5) 

(6) 

These are M dim.ension vector in which M=2Nr+N8 • A 
predicted value W(i-1) obtained at time i-J.is used 
as ·the tap"coeffic1ent 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 a (i) can be 
represented by the following equation by using d(i). 

a ( i) =d ( i) -y ( i) { 8) 

When RLS (Recursive Least Squares) 
al_gori thm is applied by using these variables, the 

30 tap coefficient vector W(i-1) can be updated in the 
following way. 

P(0)=6-1I {9a) 

W(O)=[O] (9b) 

k ( i) = { :l -:i. p ( i-1) x c i) } / { 1 + A. -ixR < i > P c i-1) x ( i) } ( 1 o a) 

3 s. a: < i > =d c i > -w" c i-1 > x c i) c i ob> 
W (i) =W (i-1) +k (i) ~" (i} 

· P (i) = l -ip (i-1) - l-1k Ci) X11 (i) P (i-1} 

(10c) 

(lOd) 
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wherein the equati9ns (9a) and' (9b) indicate an 

initial condition, a i~ a small positive real 

number, P(i) is MXN square matrix, I is a unit 
matrix, [0] is zero vector, the equations (10a)-

5 (lOd) are sequential equations, ..:t is forgetting 
coefficient, and k(i) is Kalman coefficient. 

According to the above-mentioned operation, 
complex baseband signal processing is performed for 
each diversity branch corresponding to input signal 

10 from each optical receiver. Thus, equalized 

diversity 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 coeffieient by 

using the adaptive.algorithm for the transmission 
20 route including optical space propagation route. 

Therefo-re·; -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 ~irst 

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 
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signal processing techniqu~ used in radio 

communication such as equalization, diversity 

combinin9 and the like can be applied. As a result, 

degradation of transmission quality and line 
5 disconnection due to humidity and temperature 

fluctuations of the air can be decreased. Therefore, 
a high qu·ality op't.ical space transmission system, a 
high quality optical space transmission method and a 
high quality optical space transmission apparatus 

10 can be provided. 

<Second embodimen.t> 
Next, a second embodiment of the present 

invention· corresponding to the-second object will·b~ 
described with reference t.o 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.firs~ 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 .19. 
First, a configuration of an information 

transmission system of this example will be 
described. A sending station 101 includes a radiq 
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 

't.ransmitter 105 which ~ends a radio modulation 

signal to an antenna 104 to the air, an 

35 electrical/optical (E/O} converter 106 which 

converts the radio modulation signal to an optical 
signal, and an optical transmitter 107 which sends 

··--·· 
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the optical signal to the air. 
The receiving station 108 includes a radio 

receiver 110 which receives a radio signal via an 
antenna 109, an optical receiver 111 which receives 

5 an optical signal, an optical/electrical (O/E) 
converter 112 which converts a received optical 
signal into an electrical signal, a diversity radio 
signal processing part 113 which converts radio 
signals input from two routes into original data 

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

The divider 103 outputs a radio modulation 
signal· to the radio transmitter 10·5 and an E/O 
converter 106. The diversity radio signal 

15 processing part 113 performs div_ersity combining 
processing on an output from the radio receiver.110 
and an output f~om the O/E con~erter 112. --The 
configuration of the diversity radio signal 
proces.sing part 113 of this exa-mple will be 

2 0 . described later. 

Next, an operation of the info·rrnation 
tr~nsrnission system 10-0 will· be described. In the 
send~ng station 101, data (information signal) input 
from the input terminal is converted into a radio 

25 modulation signal of radio frequency band by the 
radi-0-siqnal 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 ~he antenna 109 and is 
output to the diversity radio signal processing part 
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113. On the other hand, in the receiving station 
108, a transmitted optical signal is received by the 
optical receiver 111, converted into an electronic 
signal by the O/E converter 112, and the electrical 

5 signal is output to the diversity radio signal 
processing part 113. 

The radio signal output from the radio 
receiver 110 and the radio signal output from the 
O/E converter 112 are diversity-combined by the 

10 diversity radio signal processing part 113. In 
addition, the signals are demodulated into original 
data (information signal) , and the data is output to 
the output terminal. 

As mentioned above, according to this 
15 embodiment, the same information signal is spatially 

transmitted by-using two transmitting systems for ' 
transmitt:ing a· radio signaT 'and transmitting an· 
optical signal, and the receiving station diversity­
cornbines received ·signals of the two systems.· . Thus,· 

20 if one signal of the two systems is largely 
attanuated dtie ta rain or·fog, anoth~r •ignal 'is-not 
atteniiated largely. Therefore, resistance to both -
of rain and fog cin be improv~d. 

In addition, even when btith 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 l basically. However, in ~his example, the sending 

·station converts input data (information signal) to 
a radio modulation signal of intermediate frequency 

.··~ 
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band. In Fig. 20, the same numbers ar.e assi9ned to· 

the same components as those of the example 2-l. 

!n a sending station 201. in an information 

transmission system 200 of this example, an radio 

5 signal modulation part 202 converts input data 

(information signal) into a radio modulation signal 

of intermediate frequency band. A frequency 

converter 203 conve~ts frequency of the radio 

modulation signal from the intermediate frequency 

10 band to radio frequency band. 

In a receiving station 204, a frequency 

converter 205 con~erts frequency of input radio 

·modulation signal from the radio frequency band. to 

the intermediate frequency band. The configuration 

15 of the diversity radio signal processing part 113 

~ill.be described later in detail~ 
··Accordingly, by converting input data· 

(information signal) into the radio modulation 

signal of the-intermediate frequeney band before the 

20 data is input to the divider 103, frequency band ·of 

·the-~adio modulation si~nal-~nput to the E/O 

converter 106 becomes the int~rmediate fr•quency 

band. Accordingly, operating frequency 

characteristic of ah E/O conversion device whieh 

25 forms the E/O converter 106 is not necessarily 

app1icable to high frequency-·band. Thus, it b~com~s 

possible to adopt a cheaper device. This is also 

true for the 0/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 

3 5 can be improved. 

(example 2-3) 

Next, an information transmission system 
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of an example 2-3 of the present invention will be 
described with reference to Fig.21. Fig.21 is a 
block diagram of the information transmission system 
of the example 2-3 of the present invention. 

5 This example is the same as the example 2-
1 basically. However, input data (information 
signal) is converted into a digital signal in the 
sending station. In Fig.21, the same numbers are 
assigned to the same components as those of the 

10 example 2-1. 

In a sending station 301 in an information 
transmission system 300 of this example, a digital 
modulation part 302 converts inpu't. data (information 
signal) to a radio modulation signal by digital 

15 signal processing, and. the radio modulation signal 
is oµtput 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 conver_ter 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 m~dulation signal 
which is the input digital signal into a signal 
format (level, clocks and the like) suitable for 

25 optical communication. · 

· ·In a receiv·ing station 306, a frequency 
converter 307 converts frequency of the input ·radio 
modulation signal from the rad~o 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 
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da~a into a digital signal before the data is input 

to the divider 103, digital transmission is 

performed in the optical space transmission section. 

Thus, necessary power for transmission becomes lower 

5 than the optical space transmission of the radio 

modulation signal in radio frequency band and 

intermediate frequency band. 

According to this embodiment, it becomes 

possible to decrease transmission power by using 

10 digital transmission in the optical space 

transmission section. Therefore, the apparatus can 

.become simple and cost performance can be-improved. 

·· · - · ·:rn the following, the diversity radio - ·· 

signal processing part used in the examples 2-l ·· - 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 show• a c6nfi~ur~tion· 

for performing radio frequency band (or intermediate 

frequency band) combining processing for performing 

20 radio transmission by the radio frequency band {or 

interrnedia te frequency· ·band) (in the example: 2..:.1 :·'·o.r -

2""'.'2) • . Fig. 22B · show-s. a configuration for perf°ormin9 

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 foi digital 

transmission (in the example 2-3) . In 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 siqnal 

demodulation part 402. In the demodulation by the 

radio signal demodulator 402, the radio frequency 

I 
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band is converted to baseband in the example 2-1. 

The intermediate frequency band is converted into 

baseband in the example 2-2. 
In Fig.22B, each of two input radio 

5 modulation signals of radio frequency b~nd is 

converted into a signal of intermediate frequency 

band by the frequency converter 403. Then, the 

signal is converted into a.digital signal by the A/D 

converter 404. Then, the signals are diversity~ 

10 combined by the diversity combining part 401, and 

demodulated into oriqinal data (information signal} 

by.~he 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 e:gample· 2-2 .. ·since ·the radio 

signal input to the diversity radio signal 

pro.cessing part ll3 is already a signal of · · · 

20 intermedi_ate frequency band, i:.he frequency con'\Terter 

403 _is unn·ecessary. 

In Fig _22c, two. i·nput radio modulation 

signals which.are digital signals- are diver~ity­

cornbined by the diversity combining part 401, and 

25 demodulated into original data (information signal) 

by a digital demodu.lation 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, Fi9.23B shows a 

configuration when the divers1ty 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, 

I 
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amplitude and phase are detected by an 

amplitude/phase detection part 501. In addition, 

amplitude and phase are controlled on the basis o.f 

amplitude and phase which are detected by the 

5 amplitude/phase controllers 502 such that signals 

phase and level of the two signals becomes the same, 

and the s ign_als are combined and output by a 

multiplexer 503. 

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

10 amplitude is detected by amplitude detection parts 

504, and higher level signal is output by a 

switching part 505. 

15 

In addition, in Fig.23C, input two signals 

are combined by the multiplexer 503 and output. 

Each of the configurations of the 

diversity:.rad~o. s~gnal 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 s~gnal modulation 

part and the diversity radio signal processi!lg pa.rt 
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 syst~m 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 

. : .. ·. - . 

/ 
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relatively small. In Fiq.24, the same numbers are 

assigned to the same components as those of the 

example 2-1. 
In a sending station 601 in Fig.24, 

5 multiplexer/demultiplexer (MUX/DEMUX) 602 divides an 
input signal into a plurality of signals (two 

signals in this case) . Each of the divided signals 

is output to the radio signal modulation part 102. 

A switching control part 604 controls switching of 

10 output destination of a distribution switch 603, and 

the distribution switch 603 outputs input radio 

modulation signals to a radio ~ransmitter 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 ~08 multiplexes signals whic~ are divided 

original data signals each of wbich'are combined and 
d~modulated.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 isj 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 

; 
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(when condition of the propagation route is bad due 

to rain or fog). Here, signals which are divided 

from an information signal by the MUX/DEMUX 602 in 

the sending station ~01 will be called a first 

5 signal part and a second signal part. In addition, 

one of the two diversity radio signal processing 

parts 113 in the receiving station 605 will. be 

called a first diversity radio signal processing 
part 113 and another will be called a second 

10 diversity radio signal processing part 113. 

As shown in Fig.25, when propagation loss 

of the propagation route is relatively small, the 
s~itching control part!604 in the sending ~fation 
601 controls the distribution switch 603 such that 

15 the first signal part of the information signal is 
output to .a radio-tr-ansmission 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 lf6~~th~-~~ 
radio transmission route is output to the first 
diversity.radio s~gnal-processing part 113 and-the 
signal received from the optical space transmission 

25 route is output to 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 



.ITOH INT~~NATIONAL PATENT OFFICE N o, 5 9 6 0 P. 4 5 

-41-

loss in the propagation route is relatively large, 
the switching control part 604 in the sending 
station 601 controls the distribution switch 603 
such that the first signal part is output to the 

5 radio transmission route and to the optical space 
transmission route first as shown in Fig.26A. Next, 
the switching control part 604 in the sending 
station 601 controls the distribution switch 603 
such 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 route and the optical 
spa~-.e .. tran.smission route are output to the .fi .. Est 
diversity ~adio signal processing p~rt 113 as ~hown 
in Fig.26A. In addition, the switching· control p~rt 
607 in the receiving station 607 controls the 

20 distribution switch 606 such that the second ii~nal . . .. . . . ~. . . . . 

parts received from th' i~~i6 tra~smis~ion ~oute and 
the optical space transmission rout& .ar~ output ~o 
th.e sec.end diversity radio signal processing part 
113 as sho~n in Fig.26B. The firs~ 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 

propagation route is relatively 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. 
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(Example 2-5) 

Next, an information transmission system 

of the example 2-5 of the present invention will he 
describ~d with reference to Fig.27. Fi9.27 is a 

5 block diagram of an information transmission system 

·900 of the example 2-5 of the present invention. 

This example is basically the same as that 

of the example 2-4. In this .example, stations each 
havinq the sending station and the receivinq station 

10 of the example 2-4 communicate each other in which 
switching of distribution switches is controlled on 
the basis of receive level in each.station. In 
Fi9.27, the same nurnb_ers as in the information 
transmis~ion system of the example 2-4 in Fig.24 are 

15 assigned to the same components in this embodiment. 

20 

- ... As_ ~A9.~.n .in .F·ig. 2 7' which shows a case in 
which communication stations 901 communicate with 
each other, each communication station 901 includes 
a send part 902 corresponding to the sending station 
601 in Fiq.24, and a receive p~rt 903 ·correspo~di~~ 
to the receiving station 605. 

The .receive part 903 has a level detection 
part 904 fo~ 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 
Fiq.25 should be performed or diversity transmission 

30 shown in Fi9s.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/DEMOX 
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608 of the receive part 903, and the judgment 

information is sent to the distribution switch 603 

of the send part 902 as a switching control signal. 

The distribution switch 603 performs 

5 switching such that the parallel transmission is 
performed when it is judged that the condition of 

the propagation route is good (propagation loss is 

relatively small). In addition, the distribution 

switch 603 performs switchinq such that the 

10 diversity transmission is performed when it is 

judged that the condition of the propagation route 

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. sa~~ ~witc:hi·ng _ .c.011trol. ie performed. 
... ,.., ·. 

Accordinq to thi~ exam~le, a closed loop 

is formed in which the judgment information based on 

tbe recei~e level of the routes is returned to the 

20 send p~rt. The distribution switches of both of· the 
s~nding station and the receiving station tah~be · 
controlied 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. In 

addition, digital signal can also be used like ~he 

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 
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has been described, the present invention is not 

limited to this method. The condition of the 

propagation route can be judged from other parameter, 

and can be judged by using other methods. 

5 In addition, in the examples 2-4 and 2-5, 
although a case in which each of the first and 

second signal parts is t~ansmitted by radio route 

and optical route when propaga~ion condition is bad 

has been described, the information signal may not 

10 be divided into the first and second signal parts 

since the main purpose of this example is to 

transmits the information siqnal by using the two 

routes when propagation condition is bad. 

Further, the diversity combining 

15 processing can be performed by using other methods. 

_20 

According. __ t.Q. the· information transmission 

method of t~e second embodiment, 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 o.t ·:rain· 

and fog can be improved. · In addition, even ~hen· 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 i:p. ~hich 

transmission capacity is doubled and a second 

transmission mode in which communication quality ~s 

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 frequency 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 electrical/optical converter. Thus, cost 

performance can be improved. 

Further, transmission power can be 
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decreased by using digital transmission in the 
optical space transmission section. Thus, 
appazatuses can be simpler and cost performance can 
be improved. 

5 The present invention is not limited to 

10 

15 

20 

25 

30 

35 

the specifically disclosed ernbodim.ents, and 
variations and modifications may be made without 
departing from the scope of the invention. 
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WHAT IS CLAIMED IS; 

·l. An information transmission system for 

transmitting informa~ion from a sending apparatus to 

5 a receiving apparatus, said information transmission 

system comprising: 

a sending apparatus for modulating an 

informaLion siqnal, generating a plurality.of 

signals including an optical signal from said 
10 information signal which is modulated, and 

transmitting said plurality of signals via a 

plurality 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 .si9nal. 

20 

25 

2. The information transmission system as 

claimed in claim 1, wherein said plurality of 

signals are a plurality of optical signals or 

signals includinq a radio signal. 

3. An information transmission method used 

30 for transmitting information from a sending 
apparatus to a receiving apparatus, said information 
transrnis-sion method comprising the steps of: 

a sending apparatus modulating an 
informaLion 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 
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a receiving apparatus receiving said 
plurality of signals from said sending apparatus, 
combining said plurality of s~gnals, and outputting 
said information signal. 

4. The information transmission method as 

10 claimed in claim 3, wherein said plurality of 
signals 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 apparatds including one or more optical transmitters 

which send a· radio 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 op~ical space transmission 
apparatus via a plura~ity 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 plurality of paths with respect to 
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time or space. 

7. An optical space transmission system 
comprising; 

a first optical space transmission 

apparatus including a radio signal modulation pa~t 

10 which converts an information signal to be 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 seeond optical space transmission 

15 appa;-atus including a plurality of opt_ical receiver~ .. 
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 

B. An optical ·space transmission sy~tem 

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 
I 

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 
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transmitters and converts said optical signals into 
electrical signals, and a radio signal processing 
part which equalizes and combines output of said. 
optical receiver. 

9. An optical space transmission system 
10 comprising: 

a first optical space transmission 
apparatus including a part wh~ch 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 
_z;-a_dio m~ci~la..tion .$i,gnals ,_ and a pliirali ty 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 output 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 
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plurality of branches, and a plurality of optical 

transmitters which converts signals of said branches 
into optical signals and transmits said ~ptical 

signals to the air; and 

5 a second optic~l space transmission 

apparatus including a plurality of optical receivers 

which receive ·said optical signals sent from said 

optical transmitters and 6onvert said optical 

signals into electrical signals, and a diversity 

10 radio signal processing part which equalizes and 
combines outputs of said optical receivers. · 

15 

11. An :opticfl.l 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, ~ plurality of radio signal modulati6n 
parts which convert signals of said branches into· 
radio modulation signals, and a plurality of opti6•1· 

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 
rad.io signal processing part which equalizes and 

combines outputs of said optical receivers. 

35 
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12. The optical space transmission system 

as claimed in claim 8, said first optical space 

transmission apparatus including at least a delay 

circuit which delays a part of signals of said 

5 branches. 

10 13. The optical space transmission system 

15 

as claimed in ·Claim 9, said first optical space 

transmission apparatus including at ~east a delay 

circuit which delays a part of signals of said 

branches. 

14. An optical •pace transm~ssion system 
20 comprising: 

a first optical ·spa6e trarismission 

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 sign~l modulation part into a 

plurality of branches, one or more delay circuits 
which dela.y a part: of signals of said branches, a 
multiplexer which multiplexes 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 siqnal into an 

electrical signal and a radio signal processing part 
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which equalizes and combines output of said optical 
receiver. 

15. The optical space transmission system 

as claimed in .claim 7, said radio signal modulation 

part in said first optical space transmission 

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 modulation 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 siqnal 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.apparatus; 

an equalizer 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 
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information signal. 

18. The optical space transmission system 

as claimed in claim 9, said radio signal processinq 

part in said second optical space transmission 

apparatus comprising: 

an orthogonal detection part which detects 

bas.eband radio modulation signals sent from said 

first optical space transmission apparatus; 

an equalizer which equalizes and combines 

output of said orthogonal detection part; and 

15 a baseband demodulation part which 

20 

converts output of said equalizer into an original· 
information signal. 

19. 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 transmission 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 
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converts output of said equalizer into an original 

information signal. 

20. The optical space transmission system 

as claimed in c~aim 9, said radio signal processing 

part in said second optical space transmission 

10 · apparatus 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 s iqna~. J.C?F _ s~id f~equency converter·; 

an orthogonal detection part which detects 

baseband radio modulation signals output from said 

frequency con~erter; 

20 an equalizer which equalizes and combines 

25 

output of said orthogonal detection part; and 

a baseband demodulation pa:rt which 

converts output 0£ said equalizer into an original 

information signa~. 

21. The optical space transmission system 

30 as.claimed in c~aim 7, said diversity radio signal 

pr~cessing part 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 di~e:rsity equalization 
combining part which combines outputs of said 
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orthogonal detection parts; and 

a baseband demodulation part which 

converts output of said baseband diversity 

equalization combining part into. an original 

5 information signal. 

10 22. The optical space transmission system 

15 

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 

signals of intermediate frequency band or radio 

~~~que~cy band_rece~v~d_by said optical receivers;' 

a f requen~y convertex for output of said 

-diversity combining part; 
a local oscillator which generates a 

20 ~ef~rence signal f~r said frequency converter; 

an orthogonal detection part which detects 

baseband radio modu~ation signals output from sa:id 

frequency converter~ 

an equalizer which equalizes and combines 

25 output of said orthogonal detection part; and 

30 

a baseband demodulation part which 

converts output of said equalizer into an original 

information signal. 

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 

.. ~~ ... 
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perform frequency conversion for signals of 

intermediate frequency band or radio frequency band 
received by said optical receivers; 

a local oscillator which generates a 

5 reference signal for said frequency converters; 

a plurality of orthogonal detection parts 

which detect baseband signals output from said 

frequency converters; 

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 s'ignal. 

·.·.-!· 

20 24. the optical ~pace transmissidri system 

25 

as claimed in claim 22, said diversity combining 

paz:::t comprising a part which performs maximum ratio 

combining for a plurality of input signals. 

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 optical space transmission system 
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as claimed in claim 22, said diversity combining 

part comprising a part which performs equal gain 
combining for a plurality of input signals. 

27. The optical space transmission system 
as claimed in claim 21, said baseband diversity 

10 equalization combining part comprising: 

15 

transversal equalizers which equalize 
input baseband ·signals; and 

a part for performing maximum ratio 

combining for outputs of said transversal equalizers. 

28. The optical space transmission system 
20 as claimed in claim 21, said baseband diversity 

equalization combining part comprising: 

transversal equali2ers which equalize 

input baseband signals; and 
a part for performing selection combining 

45 for outputs . of $aid 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 qain combining 

for outputs of said transversal equalizers. 
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30. The optical space transmission system 

5 as claimed in claim 21, said baseband di~ersity 

equalization combining part comprising an adaptive 

decision feedback type transversal combining 

diversity part. 

10 

31. The optical space transmission system 

as claimed in claim 30, wherein said adaptive 

15 decision feedback type transversal combining 

diversity p~rt uses an adaptiv..e algorithm for 

determining t.ap coefficients of said transversal 

equalizers. 

20 

.32. The optical space transmission system 

as claimed in claim 31, wherein RI..$ algorithm is 

25 used as said adaptive algorithm. 

30 33. The optical space transmission system 

35 

as claimed in claim 31, wherein LMS algorithm is 

used as said adaptive algorithm. 

34. An optical space transceiver 



lUUJ~11R1~~ ll~Ul~ l IUH lNltKNAllUNAL YAltNI Uttl~t No. ?~ou r. tJj 

11111111111111 1111111111 " f 111 
* C L M s * -59-

comprising a first optical space transmission 

apparatus and a second optical space transmission 

apparatus; 

said first optical space transmission 

5 apparatus including one or more optical transmitters 

which send an information si9nal converted into a 

radio modulation signal; and 

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. opt~~a-~ space transmission method , · · 

compris~ng.the steps ·of: 
oonverting an information signal to be 

sent into a radio modulation signal, and sending 

20 said radio modulation siqnal as an optical signal in 

a ~ending itation; 

receiving optical signals, converting said 

optical sig~als 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 havin~ one 

35 or more optical transmitters and an optical space 

transmission apparatus having one or more optical 

receivers, wherein: 
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said optical space transmission apparatus 

having one or more optical transmitters includes one 

or more radio signal modulation parts which con~erts 
an information signal into one or more radio 

5 modulation signals. 

10 37. The optical space transmission • 

15 

apparatus as claimed in claim 36, wherein said one 
or more optical transmitters send said radio 

modulation signal a plurality· of times by shifting 
sending time. 

48. An optical space transmission 

20 apparatus having one or more optical receivers in an 
optical space transrnissiori system which indiudes an 
optical space transmission apparatus.having one·or 
more optical transmitters and said optical space 

transmission apparatus having one or more optical 
25 receivers, 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 
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or more optical transmitters send a radio modulation 

signal a plurality of times by shifting sending time 

as optical signals, and said one or more optical 

receivers receive said optical signals transmitted 

5 via a plurality of paths with respect to time or 
space. 

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 appa:r;atus 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 f6r 
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 sign~l, and 

regenerating said informat.ion signal. · 

......... : 
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41. The information transmission system as 

5 claimed in claim 40, said sending apparatus furthex 

comprising: 

10 

15 

a signal dividing part for dividing said 

information signal into a first signal part and· a 
second signal part; 

wherein said radio signal transmitt~r 

transmits sai'd 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. 

42. Ari 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 selec'ting 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 signa.l modulation parts for 

modulating said first signal part and said 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 

radio signal and said second signal part is 
transmitted to said receiving apparatus as an 
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optical signal when said first transmission mode is 

selected; 

said control part controlling said sending 

apparatus such that said information signal is 

5 transmitted to said receiving apparatus via a 
plurality of routes including a radio transmission 

route and an optical transmission route when said 

second transmission mode is selected, 

said receiving apparatus comprising: 

10 a part for multiplexing said first signal 

part and said.second signal part when said first 

transmission mode is selected; and 

a pa:rt 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 cla,im 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 mode 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 
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orthogonal modulation part which orthogonally 
modulates output of said baseband modulation part. 

45. The information.transmission system 
tem as claimed in claim 44, said radio signal 
modulation part further including a frequency 

10 converter after said orthogonal modulation part, and 
a ~ocal 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 

whi~h detect baseband signals received by ~aid ' 

optical signal receiver; 

a baseband diversity equalization 
combining part which combines outputs of said 

25 orthogonal detection p~~ts; and 

30 

a baseband demodulation part which 

converts output of said baseband diversity 

equalization combining part into an original 

information signal. 

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

a frequency converter for output of said 
diversity combining part; 

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

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

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

a baseband demodulation part which 
.-

conve~ts 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 qenerates a 

reference signal for said frequency converters; 
a plurality of orthogonal detection parts 

which detect baseband signals output from said 
30 frequency converters; 

a 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. 
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49. The information transmission system as 
claimed in claim 47, said diversity combining part 

comprising a part which performs maximum ratio 
combining for a plurality of input signals. 

50. 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 t6 
receive level. 

20 

51. The information transmission system as 

claimed in c~aim 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 siqnals; and 

35 a part for performing maximum ratio 

combining for outputs of said transversal equalizers. 
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53. The information trans~ission system as 

S claimed in claim 46, said baseband diversity 

equalization combining part comprising: 

transversal equalizers which equalize 

input baseband signals; and 

a part for performing selec~ion combining 

10 for outputs of said transversal equalizers. 

15 54. The information transmission system as 

20 

25 

claimed in_ c~~_im_ 4~ r s_aJd b~seband dive~sity· 

equalization combining part comprising: 

transversal equalizers w~ich equalize 

input baseband signals; and 

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

55. The information transmission system as 

claimed in claim 46, said baseband diversity 

equalization combinin9 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 
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uses an adaptive algorithm for determining tap 

coefficients of said transversal equalizers. 

57. The information transmission syst~rn as 
claimed in claim 56, ~herein RLS algorithm is used 
as said adaptive algorithm. 

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

as said adaptive ... aigpr:~_thm. 

20 

25 

30 

· 59. An information transmission method 
used fo+ transmitting information from a sending 
apparatus to a receiving apparatus, said information 

transmission method comprising the steps of: 

said sending apparatus modulating an 

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

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. 
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60. The information transmission method as 
claimed ip. cl.aim 59, said information transmission 
method further comprising the s~eps of: 

said sending apparatus dividing said 
information signal into a first signal part and a 

10 second signal part; 

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 

15 signal. 

20 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 
25 and a second transmission mod~, 

30 

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

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 optical signal when said first 

35 . transmission mode is selected; 
controlling said sending apparatus such 

that said information signal is transmitted to said 
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receiving apparatus via a plurality of routes 

including a radio transmission route and an optical 

transmission route when said second transmission 

mode is selected; 

5 said receiving apparatus multiplexing said 

f~rst signal part and said ~econd signal part when 

said first transmission mode is selected; and 

said receiving apparatus diversity­

cornbining said information signal which is 

10 transmitted 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 

said sending apparatus. and said receiving apparatus 

20 are in a first condition, and said second 

25 

30 

.transmission mode is selected when said transmission 

routes between said sending apparatus and ~aid~ 

receiving apparatus are in a second condition· which 
is worse than said first condition. 

63. A sending apparatus comprising: 

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. 
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64. The sending apparatus as claimed in 
claim 63, said sending apparatus further comprising: 

a signal conversion part for converting 
said information signal which is modulated to a 

radio s~gnal of an intermediate frequency ba~d; 
10 a frequency conversion part for converting 

frequency band of said radio signal to a radio 
f requen"cy 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 ~ending apparatus further compr:ising: .· 

a digital signal con~ersion part for . ' 

converting said information signal t.o a digital·· 
signal; 

25 an analog signal converter for converting 

30 

said digital signal into a radio si9nal of ·an arialog 
signal format; ·and 

an optical signal conversion part for 
converting said digital signal to an optical signal. 

66. The sending apparatus as claimed in 
35 claim 63, said sending apparatus further comprising: 

a signal dividing part for dividing said 
information signal into a first signal part and a 
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second signal part; 
. wherein said radio signal transmitter 

transmits said first signal part as a radio signal, 

and said optical signal transmitter transmits said 

5 second signal part as an optical signal. 

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 

~econd signal part; 

radio signal modulation parts for 

modulating said first signal part and said second 

signal part; 

20 a control part for coJ.'.l,trollinq said 
s~nding apparatus such that said ·first sigft~i pait 

is transmitted as a radio signal and said second 

signal part is transmitted as an optical signal when 

said £irst transmission mode is selected; 

25 said control part controlling said sending 

30 

apparatus such that said inf~rmation 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. 

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 
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receiving apparatus at the other end are in a first 

condition, and said mode selection part selects said 

second transmission mode when said transmission 

routes are in a second condition which is wor·se than 

5 said first condition. 

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 

20 

a si~nal _combining part for combining said. 

first signal and sai~ second signal, and 

regenerating said information signal. 

70. The receivi,ng 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; 

wherein said first signal and said second 

30 signal are multiplexed when said first transmission 

35 

'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. 
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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 m~de 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 ~orse 
than said first condition. 

15 

20 

25 

30 

35 


