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IITLE OF THE INVENTION
INFORMATION TRANSMISSION SYSTEM AND

INFORMATION TRANSMISSION METHOD, AND, OPTICAL SPACE
TRANSMISSION SYSTEM AND OPTICAL SPACE TRANSMISSION
METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an
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 additibn, the
present invention relates to an optical spacé
transmission system and the method in which
degradatlon of transmission quallty and c1rcu1t

dlsconnectlon are decreas ed.

20

2. Description of the Related Art

First, conventional technologies of a
first aspect will be described.

Figs.lA-and 1B show block diagrams showing
conventlonal optical space transmission apparatuses.

As for Fig.lA, in a sending station 1, a

- signal to be transmitted is input from an input

25

30

35

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
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.1lB, in the
sending station 1, a signal to be transmitted is

input from an input terminal 3. ‘Then, the signal is

converted to a signal format for optical
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transmission by a signal converter 5. The optical
transmitter é'sends the optical signal to the air.
The optical signal is received by an aperture
enlarged by a receive aperture enlarger 9 in the
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 optical receiver 7. The optical
signal received by the optical receiver 7 is
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. o o

According to the above-mentioned
configufation, when the optical signal transmitted
from the optical transmitter is sent to the

‘receiving station via the air, intensity of receiwve

20

light may fluctuates (spot dancing, beam bending,
scintillation) in the receiving station since the

refractive index of the air changes due to

_fluctu;tions of air temperature and humidity so that

25

30

35

propagation path of the light beam fluctuates. Thus,
there is a problem in that circuit quality
degradation or circuit disconnection occurs due to -
the above-mentioned fluctuations even in good
weather. N

It is possible that the effect of the
fluctuations can be decreased by enlarging the
receive aperture as shown in Fig.1lB. However, it is
difficult to prepare a large aperture due to lack of
image formation technique and limitation of the size
of the apparatus. 1In the configurations shown in
Figs.lA and 1B, although electrical/optical (E/O)
converters and optical/electrical (O/E) converters
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
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 diagram of a conventional optical space
transmission system.

In 2 conventional radio transmission
system, data (information signal) is input from an
input terminal in a sending station 1001. The
signal is converted into a radio signal of radio
frequency band by a radio modulator 1002, and sent
to the air via 2 radio transmitter 1003 and an
antenna 1004. _

' ' In a.receiving station. 1005, the sent
radio signal is received by a radio receiver 1007
via an antenna 1006, and the received signal is
demodulated into original data (information signal)

by a radio signalidemodulator 1008.

25

30

35

On the other hand, accoxding to a
conventional optical space transmission system. shown
in Fig.2B, data (information signal) is input from"
an input terminal in a sending station 1009. The
signal is converted into a signal format for optical
communication by a signal converter 1010. After
that, the signal is converted into an optical signal
by an electric/optical (E/QO) converter 1011 and the
optical signal is sent to the air by an optical
transmitter 1012.

In a receiving station 1013, the sent
optical signal is recelived by an optical receiver
1014. Then, the signal is converted into an
electrical signal by an optical/electrical (O/E)
converter 1015. After that, the signal (lnformatlon
signal) is converted into original 51gnal by a
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signal converter 1016.: .

Accordingly, since either radio
transmission or optical transmission is used for
conbentional information transmission, the sending
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
functions of sending and receiving an optical signal
respectively.

However, for realizing high capacity
inférmation transmission by the conventional"
information transmission system, there is a problem
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.
frequéncy band becomes usually high frequency band
(submillimeter -wave, millimeter wave). This ...
frequency band is resistant to fog, however, very
large propagation loss occurs due to rain-in this
freguéncy band. Thus, it is necesséry to provide a
large margin considering attenuation due to rain..

In addition, as for optical space
transmission, it is resistant to rain, hbwever,
remarkably large propagation loss occurs due to
degradation of visibility by fog. Therefore, it is
necessary to provide a large margin considerxing
attenuation by fog. '

As mentioned above, the conventional
information system in which onl? one of radio
transmission and optical space transmission is
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 THE INVENTION

It is a first object of the present
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 guality and
cirxcuit disconnection even when the refractive index
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-transmissién“__
system and an information transmission method

‘resistant to both of rain and fog.

The above object is achieved by an

~information transmission system for transmitting

information from a sending apparatus to a receiving
apparatus, the information transmission system :
including: ' , ' o
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
transmitting the plurality of signals wvia a
plurality of routes; and

a receiving apparatus for receiving the
plurality of signals from the sending apparatus,
combining the pluraliiy of signals, and outputting

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
information signal is modulated and can be
transmitted by an optical signal, signal processing
technology such as equalization, diversity combining



2001E11R198 208545 ITOH INTERNATIONAL PATENT OFFICE No. 5960 P 10

-G

which are used in radio communication 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 in which a sending
side (a first optical space transmission apparatus) -
converts an information signal into a radio

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

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

Accordingly, by receiving the transmitted

optical signal by a plurality of optical receivers,;

a plurality of optical signals having relatively low - -~

25 correlation can be obtained via almost independent
optical 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 receivers. 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
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
electrical signals.’

Accordingly, by sending signals from a
plurality of optical transmitters, receiving the

.signals together by one optical. recéiver, and.

equalizing and combining the outpﬁt, diversity
combining effect can be obtained for a plurality of

'optical'signals having relatively low correlation
“wvia almost- independent optical paths. In additien,

since the information signal is sent after
converting into a radioc modulation signal, high
quality diversity effect can be obtained by
performing egualization and combining as radio .. ..

. signal processing.

- In addition, a configuration including a
plarality of optical transmitters and a plurality of
optical receivers can be realized in addition to a
configuration including one optical transmitter and
a plurality of optical receivers, and a
configuration including a plurality of optical.
transmitters and one optical receiver. Thus,
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
are received together, converted into electrical
signals, equalized and combined. As a result, time
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.

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
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 sighal and equalizes and combines the .
electrical signal so that time diversity reception
can be realized.

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.. .

In the above—configuration, the radio
signal modulation part may include a baseband. . .
modulation part, and a orthogonal modulation part
which orthogonally modulates output of the baseband
modulation part. As a result, the baseband radio
modulation signal can be transmitted as an optical
signal. The radio signal modulation part may
convert the output of the orthogonai modulation part
into intermediate frequency band signal or radio
frequency band signal. Then, the signal is
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
orthogonal detection 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.éf the orthogonal
detection part, and a baseband demodulation part
which converts output of the equalizer into an

10 original information signal. i

Accordingly, when receiving optical
signals sent from a plurality of optical
transmittexrs, the signals can be equalized and - =
combined by using the equalizer.

15 The diversity radio signal processing part
may include a plurality of orthogonal detection ..

‘parts which-detect baseband signals received.by the . .

optical receivers, and a baseband diversity
equalization combining part which combines outputs

20 of the orthogonal detection parts.

o . - The diversity radio signal proce551ng part
may include a diversity combining part which
combines signals of intermediate frequency band or
radio freguency band received by the optical.

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

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

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

35 converters which performs frequency conversion for
signals of intermediate freguency band or radio
frequency band received by the optical 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
rerforms the maximum ratio combining, the selection
combining or the egual 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 determining tap coefficient
15 of the transversal equalizer. The adaptive
algorithm may be the RLS algorlthm ‘LMS algorlthm
- and the like. T o :
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:
the sending apparatus modulating an
information signal, transmitting the information
25 signal which is modulated to the receiving apparatus
' via a plurality of routes as a radio signal and an
optical signal;
the receiving apparatus receiving the
radio signal transmitted from the sending apparatus
‘30 and outputting a first signal, and receiving the
optical signal transmitted from the sending
apparatus and outputting @ second signal; and
the receiving apparatus combining the
first signal and the second signal, and regenerating
35 +the information signal.
According to the invention, since the
information signal is transmitted by two systems for
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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 the two systems
is largely attenuated due to rain or fog, other
5 signal 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 steps of:
the sending apparatus dividing the
information signal into a first signal part and a
15 second signal part; _
o wherein the sending apparatus transmits
the first signal-part‘to the receiving apparatus as
a radio signal, and transmits the second signal part
to the:receiving apparatus as an optical signal..
20 - . " -According to the invention, transmission -
. capacity can be doubled by transmitting different.
signals by a radio transmission route and an optical
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, modulating the first signal part
and the second signal part;
35 controlling the sending apparatus such
that the first signal part is transmitted to the
receiving apparatus as a radio signal and the second
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signal part is transmitted to the receiving
apparatus 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 apparatus via a plurality of routes
including a radio transmission route and an optical
transmission route when the second transmission mode
is selected; '

10 the receiving apparatus multiplexing the
first signal part'and the second signal part when
the fixst 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. ..... .. . . : P

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

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

30 condition.

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

35 receive level of the receiving station for example.
A condition in which propagation loss is relatively
small can be called a first state, and a condition
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in which propagation loss 1is relatively largé can be
called a second state.
: Accérding 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 condition 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. _

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

a radio signal modulation part for

15 modulating an information signal;

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

an optical‘signal transmitter for

20 transmitting the information signal which is

-modulated as an optical signal. . -

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

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

30 .- The sending apparatus may further
includes: )

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

35 a frequency conversion part for converting
frequency band of the radio signal to a radio
Erequency 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
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 characteristic is radio frequency band as
the electrical/optical converter. Thus, cost
performance can be improved.

The sending apparatus may further
includes: . _ ;

a digital signal conversion part for
converting the information signal to a digital .
signal; ' ' '
it an analog signal converter for converting
the digital signal into a radio signal of an analog
signal  format; and o

an optical signal conversion part for
converting the digital signal to an optical signal..
: Accoxrding to the invention, transmission
power can be decreased by using digital transmission.
in the optical space transmission section. ' Thus,
apparatuses can be simpler and cost performance can
be improved.

The sending apparatus may further
includes: '

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

radio signal modulation parts far
modulating the first signal part and the second
signal part;

a control part for controlling the sending

~apparatus such that the first signal part is

transmitted as a radio signal and the second sSignal
part is transmitted as an optical signal when the
first transmission mode is selected;

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

In the sending apparatus, the mode
selection-part may select the first transmission
mode- when transmission routes between the sending
apparatus and a receiving apparatus at the other end
are in a first condition, and the mode selection
part may select the second transmission mode when
the transmission routes are in a second condition
which is worse than the first condition.

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

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;
and

a2 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
a first transmission mode and 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
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
mode when transmission routes between the sending

apparatus and the receiving apparatus are in a first...

condition, and' the mode selection part may select -
the second transmission mode when the transmission
routes béetween the sending apparatus and the
receiving apparatus are in a second.condition which

ris worse thanithe first condition.

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

N T D
Other objects, features and advantages of
the present invention will become more apparent from

the following detailed description when read in

conjunction with the accompanying drawings, in
which:
'Figs.la and 1B is block diagrams showing
conventional optical space transmission apparatuses;
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 optical receivers
are provided in the receiving station;

Fig.4 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters
are provided in the sending statiom (1);

, Fig.5 is a block diagram shoﬁing an
example of the first embodiment of the present
invention in which plurality of optical transmitters

- are provided-in the sending station (2);-

Fig.6 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters
and plurality of optical receivers are provided (1);

Fig.7 is a block diagram showing an

- example of the first embodiment of the present

20

25

30

35

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

Fig.8 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters
are provided and a part of sending signals is
delayed (1) ;

Fig.9 is a block diagram showing an
example of the first embodiment of the present
invention in which plurality of optical transmitters
are provided and a part of sending signals is
delayed (2);

' Fig.1l0 is a block diagram showing an
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 (1l);

Fig.l1l 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);

5 Fig.1l2 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 radic signal modulation parts;
' Figs.14A and 14B are block diagrams
showing radio signal processing parts; -
Figs.1l5A-15C are block diagrams showing
15 diversity radio signal processing parts;
Figs.16A-16C are block diagrams showing
diversity combining .parts; .. .. : L
Figs.1l7A-17C are block diagrams showing
baseband diversity equalization combining parts (1);
20 . . Fig.18 is a block diagram showing the

baseband diversity .equalization combining part .(2); .. .. .

'Fig.1l9 is a block diagram of an . -
information-tiansmissiqn system of an example 2-1 of
. a second embodiment of the present invention;

25 Fig.20 is a block diagram of the
information transmission system of an example 2-2 of
the second embodiment of the present invention;

Fig.21 is a block diagram of the
information transmission system of an example 2-3 of

30 the second embodiment of the present invention;

Figs.22A-22C show example block diagrams
of a diversity radio signal processing part 113;

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

35 Fig.24 is a block diagram of the

" information transmission system of an example 2-4 of
the second embodiment of the present invention;
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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;

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
information transmission system of an example 2-5 of
the second embodiment of the present invention. .

; PT] 2 PREFERRED _EMBOD TMENT!
In the following, embodiments of the
present invention will be described with reference

RIPTION Q

to figures. 1In the present invention, a sending

station-sends a plurality-bf'signals-inéluding"an“*~m*=

optical signal, and a receiving station performs

$ignal processing such as diversity combining -

processing, so that high quality signal transmission

- becomes available. --In-the following, an embodiment -

in which only optical signals are transmitted will
be described as a first embodiment, and an
embodiment in which an optical signal and a radio
signal are transmitted will be described as a second
embodiment.

<First embodiment>

In the following, the first

embodiment which relates to the first object of the
present invention will be described with reference

-to figures. 1In this embodiment, like reference

numerals indicate like elements throughout the
several views. In this embodiment,
electrical/optical (E/O) converters and
optical/electrical (O/E) converters are not shown in
the figures.

Figs.3-5 show configurations of the
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sending station and the receiving station in which a
plurality of optical transmitters or a plurality of
optical receivers are 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.ié converted into an optical

15 signal and transmitted to the air by an optical

' transmitter 13. _ B , e

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

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

25 1is 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. o

_ 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
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 13, and 13, and transmitted
to the air.

' Each of the optical signals transmitted to
the air are received by an optical receiver 22 in
the receiving station and converted into electrical
signals. The-electrical signals are equalized, ..
combined and demodulated by a radio signal
processing part 23 so that the signals are converted
to the original information signal. Then, the

"converted sighal is output from the output terminal

21.
- Fig.8 shows a modification of the

configuration shown in Fig.4. In the configuration . .
- shown.in Fig.8; a'delay circuit 16 is inserted . . .

between one of outputs of the divider 14 and one of
the optical transmittexs.

As shown in Fig.8, by delaying the signal
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. '

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

In Fig.S5, 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, and 12,. Each of the outputs is converted
into an optical signal and is transmitted to the air
by an optical transmitter 13, or 13,.

. The transmitted optical signals are
received by an optical receiver 22 in the receiving
station 20 and converted into electrical signals.
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 moedification of the
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 12, and 12, {(the

radio signal modulation part 12, in the example of

Fig.9) and one of the optical transmitters.. :
- As shown in Fig.9, by delaying the signal

output from-the.radio signal modulation part 12, and - .~

optically transmitting the signal, time diversity
effect can be obtained in the receiving side.
Therefor, transmission quality can be further
improved.. '

The delay circuit can be provided at
another output of the radio signal modulation parts.
In addition, when there are more than two divisions,
delay circuits which have different delays can be
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
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, and 13, are
provided. As for the sending station 10 of Fig.7,
the information signal input from the input terminal
11 is divided into two signals each of which signals

5 is transmitted to the air by the optical transmitter
13; or 13, via the radio signal modulation part 12,
or 12,.
In the receiving station 20 shown in
Figs.6 and 7, optical signals received by optical
10 receivers 22, and 22, are converted into electrical
signals. The electrical signals are equalized and
diversity-combined by a diversity radio signal
processing part 24. - '
Figs.l0 and 11 show modifications of
15 Figs.6 and 7 respectively, where the delay circuit

16 is inserted in one of the branches.” According te- ... . .

the configurations shown in Figs.1l0 and 11, same > -~ =%~

signals are transmitted from the sending station 10

at different times s¢ that time diversity effect can =
20 also be obtained im the receiving station 20. Thus, -

~transmission-quality can be further improved.: -— - :rwdss e

In Pig.1l2, the information signal input
from the input terminal 11 is converted into a radio -
signal by the radio signal modulation part 12. The

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

30 transmitter 13.

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

35 combined by the radio signal 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 multiplexed
with another divided signal. Then, the multiplexed
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 part in Figs.3-12.

Fig.13A shows the radio signal modulation
part for baseband transmission.

In this configuration, an input
information 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 componenthand.

the Q component are orthogonally modulated ‘by the - -
orthogonal modulation part 34. Then, the baseband

‘modulation signal is output from the output terminal

32. C o ' 4
Coe -~ Fig.1l3B shows rthe radio - signal modulation
part for intermediate frequency band or radio:
frequency band tramsmission. In this configuration,
output from the orthogonal ‘modulation part 34 is
converted into a desired frequency band by a local
oscillator 36 and a frequency converter 35 and the
converted signal is output from the output terminal
32.

Figs.l14A and 14B show the radio signal
processing parxt in Figs.4, 5, 8, 9, 12. That is,
the radio signal processing part is used in the

-receiving station which includes one optical

receiver.

Fig.14A shows a configuration for baseband
transmission. An input baseband radio modulation
signal is orthogonally detected by an orthogonal
detection part 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,
the I component and the Q component are converted
into the original information by a baseband ‘
demodulation part 45.

Fig.14B shows a configuration for
intermediate frequency band or radio frequency band
transmission. An input radio signal of the
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 into.the original _
information signal by the orthogonal detection part
43, the equalizer 44 and the baseband demodulation
part 45. T S
Figs.15A-15C shbws examples of the . e
diversity radio signal processing part in the case
where the receiving station includes a plurality of
optical receivers as shown.in Figs.3, 6, 7, 10, 11.

v ---:Flig- 15A. shows the diversity radio signal

~ Processing part for baseband transmission:. Each of

25

30

35

input baseband radio signals is orthogonally )
detected in an orthogonal detection part 53, or 53,
so that I and Q components are output. The outputs
from the orthogonal detection parts 53, and 53, are
equalized and diversity-combined by a baseband
diversity equalization combining part 54. Then, the
output from the baseband diversity equalization
combining part 54 is converted intd original
information signal by a baseband demodulation part
55 and the information signal is output.

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

Fig.15B 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
intexmediate frequency band or radio frequency band
are diversity combined by a diversity combining part

5 36. 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 wvia an
orthogonal detection part 53. Then, the original
information signal is obtained by the baseband

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

Fig.1l5C shows the diversity radio signal

-processing part for performing diversity combining - -

by baseband. .
15 : A plurality of input radio signals of the
intermediate frequency band or the radio frequency..
band ‘are converted-into desired intermediate ' -
frequency signals by frequency converters 57,, 57,
and the local oscillator 58. Then, the signals are
20 ‘orthogonally detected by the orthogonal detection
- parts 53, and -53;. The outputs-are equalized-and. -
diversity-combined by the diversity equalization -
combining part 54 and converted into the original
information signal by the baseband demodulation part
25 55. The original information signal is output from
the output terminal 52.

Figs.l1l6A=-16C 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.l6A shows a configuration for maximum
ratio combining. In this configuration, amplitude
and phase of signals input from input terminals 61,
and 61, are detected by amplitude phase detection

35 parts 63; and 63,. On the basis of the amplitude and
the phase detected by the amplitude phase detection
parts 63, and 63,, the amplitude and the phase are
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controlled by amplitude phase controllers 64, and 64,
such that the signals are combined in the same phase
and same level. Then, the signals are combined.
Fig.1l6B shows a configuration for
selection combining. Levels of signals input from

the input terminals 61, and 61, are detected by

amplitude detection parts 66, and 66,. The amplitude
detection parts 66, and 66, control a switch 67
according to the detected level such that the higher
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.1l7A-17C show examples of the baseband .
diversity equalization combining part in Fig.l5A and
Fig.15C in which diversity combining is performed by

-baseband. e

Fig.17A shows a configufation for maximum
ratio combining. Fig.l7B shows a configuration for
selection combining. Fig.l7C shows a configuration

‘for equal gain combining. ~In each configuration,
- after . input I, Q component. signals are equalized by

equalizers 73; and 73,, maximum ratio combining, -
selection combining or equal gain combining is
performed in the same way as shown in Figs.l6A-16C.

Fig.1l8 shows another example'of the
baseband diversity equalization combining part used
in Fig.15A and Fig.15C.

This example applies a decision feedback
type transversal combining diversity. The operation
of this configuration will be described in detzail in
the following.

This example shown in Fig.18 is for two
branch diversity (K=2). However, in the following,
a case having K branch diversity which uses K
optical receivers will be described.

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

used as the FFF such that timing jitter can be

absorbed. The FBF may be symbol time interval of
modulation signal. .

‘In the following description, half of
symbol time is used as the FFF time interval. In
addition, the following description is for X branch
diversity in which K optical receivers receive
incoming optical signals. - _ '

In K optical receivers, a radio modulation
signal output from Kth optical receiver is input to
the orthogonal detection part (for example, the

- orthogonal ‘detection part 53 in Fig.l5A, Fig.15G€).-: -

and is orthogonally detected. After orthogonal.
detection, the radio modulation signal becomes a
baseband signal having in-phase component (I
component) and quadrature component (Q component).
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, and 81,.

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

X M) =1y, (1) 3, (i-1/2) =y (i-(N,-1)/2)1 (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

W' (1) =W, (0) W " (1) We,"(Ne~1)1  (2).

In addition, assuming that judgment wvalue,
that is, input value to the FBF is d(i), tap signal
X,(1) of FBF is represented by _

Xp (1) =[d"(i-1) 4" (i-2)---d"(i-N;)] (3), wherein
N, is the tap number of FBF. Tap coefficient W,(i)
of FBF is represented as ,

.Wun(i) =[Wn,1. (0) Wo (1) Wo\s- (Ng) ] (4) .

- Signal wvector X(i) obtained from the.
equations (1) and (3) and tap coefficient vector
W(i) obtained from the equations (2) and (4) can be

.defined as follows.

XT(1)=Ix"(1) X"(1) X (1)] : - (D)
WE(5) =(W (1) W, (L) W, (1)) (6)
These are M dimension vector in which M=2N_+N,. A

 predicted value W(i-1l) obtained at time i-]l is used . -

as :the tap-coefficient to.be used at time i: . Thus, .
input signal y(i) to the judgement part is '
represented as . : : '
yli)= w(i-1) X(i) (7).
A pre-estimation error « (i) can be
represented by the following equation by using d(i).
a (1L)=d(i)-y (i) (8)

When RLS (Recursive Least Squares)
algorithm is applied by using these variables, the
tap coefficient vector W(i-1) can be updated in the
following way.

P(0)=48"'1 (92)

W(0)=[0] * (9b)

k(D)={ AP (i-1)X(1) )}/ {1+ A XM (L) P(i-1)X (1)} (10a)
e (i)=d(i)-W'(i-1)X (i) (10b)
W(i)=W(i-1)+k (i) e’ (i) (10¢)

P(L)=A"P(i-1)-A k(1) X* (1) P (i~1) (10d)
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wherein the equations (9a) and (9b) indicate an
initial condition, & is a small positive real
number, P(i) is MXN square matrix, I is a unit
matrix, [0] is zero vector, the equations (10a)-
5 (10d) are sequential equations, 1 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 coefficient by
using the adaptive algorithm for the transmission

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

25 can be improved.

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

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

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

35 baseband signal and transmitted by the air optically

~in a2 communication system in which optical space
transmission is used to connect points. Thus, the
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signal processing technigque used in radio
communication such as equalization, diversity
combining and the like can be applied. As a result,
degradation of transmission gquality and line

5 disconnection due to humidity and temperature
fluctuations of the air can be decreased. Therefore,
a high quality optical space transmission system, a
high'quality optical space transmission method and a
high quality optical space transmission apparatus

10 can be provided.

<Second embodiment>
Next, a second embodiment of the present
invention corresponding to the. second object will be
described with reference to accompanying figures.

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

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

20 the first embodiment and radio transmission.

cars .. e ... .. {Example 2-1) -

In the following, a configuration and an
operation of an information transmission system of
the preseﬁt 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 radio
signal modulation part 102 which converts input data

30 (information signal) into a radio modulation signal
of radio frequency band, a divider 103 which divides’
a radio modulation signal into two routes, a radio
transmitter 105 which sends a radio 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 wvia an
antenna 109, an optical receiver 111 which receives
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
(information signal) by performing diversity
combining and demodulation.

The divider 103 outputs a radio modulation
signal to the radio transmitter 105 and an E/O
converter 106. The diversity radio signal
processing part 113 performs diversity combining
processing on an output from the radio receiver 110

~and an output from the O/E converter 112. -The

configuration of the diversity radio signal
processing part 113 of this example will be

. described later.

-Next, an operation of the information
transmission system 100 will. be described. .In the
sending station 101, data (information signal) input
from the input terminal is converted into a-radio
modulation signal of radio frequency band by the
radio signal converter 102, and the radio modulation
signal is input to the radio transmitter 105 and the
E/O0 converter 106 by the divider 103.

The radio modulation signal input to the
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.

The radio signal which is sent is received
by the radio receiver 110 via the antenna 109 and is
output to the diversity radioc signal processing part

“TTOW INTERNATLONAL PATENT OFFICE O No.h960 P 36
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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. 1In
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- usxng two transmitting systems . for
transmitting a radio signal ‘and transmitting an-
optical signal, and the receiving station diversity-
combines received ‘signals of the two systems. Thus,"
20 if one signal of the two systems is largely
attenuated due to rain or fog, another signal ‘is ‘not
attenuated largely. Therefore, resistance to both -
of rain and fog can be improved. '
'In addition, even when both signals of the
25 two systems are attenuated due to fog and rain,
communication quality can be improved by diversity- -
combining both signals in thé 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 1l basically. However, in this 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 are assigned to
the same components as those of the example 2-1.

In a sending station 201 in an information
transmission system 200 of this example, an radio
signal modulation part 202 converts input data
{(information signal) into a radio modulaﬁion signal
of intermediate frequency band. A frequency
converter 203 converts frequency of the radio
modulation signal from the intermediate frequency
band to radio fregquency band.

In a receiving station 204, a frequéncy
converter 205 converts frequency of input radio

" 'modulation signal from the radio frequency band to

the intermediate frequency band. The configuration
of the diversity radio signal processing part 113
will be described later in detail.- -
"Accordingly, by converting input data’
(information signal) into the radioc modulation
signal ¢of the -intermediate frequency band before the
data is input to the divider 103, frequercy band of

‘the radioc modulation signal"inpﬁt‘to the E/O

converter 106 becomes the intermediate frequency -
band. Accordingly, operating frequency e
characteristic of an E/O conversion device which
forms the E/O convexter 106 is not necessarily
applicable to high frequency-band. Thus, it becomes
possible to adopt a cheaper device. This is also
true for the O/E converter 112 in the receiving

. station 204.

According te 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 fregquency band, cost performance
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.

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
example 2-1.

In a sending station 301 in an information
transmission system 300 of this example, a digital
modulation part 302 converts input data (information
signal) to a radio modulation signal by digital
signal processing, and. the radio modulation signal
is output'as a digital signal. A digital/analog
(D/A) converter 303 converts input radio modulation
signal from a digital signal to an analog signal. A
frecuuency conve:ter'304 converts frequency of the .
radio modulation signal which is the input analog'
signal..into radio frequeney band. A signal-~ : . -
converter 305 converts the radio modulation signal
which is the input digital signal into a signal-
format (level, clocks and the like) suitable for
optical communication. -

-In a receiving station 306, a frequency
converter 307 converts frequency of the input radio
modulation signal from the radio frequency band to
baseband. An analcg/digital (A/D) converter 308
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
processing part 113 will be described later in
detail.

As mentioned above, by converting input
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data into a digital signal before the data is input
to the divider 103, digital transmission is
performed in the optical spéce transmission section.
Thus, necessary power for transmission becomes lower
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
digital transmission in the optical space
transmission section. Therxefore, the apparatus can

.become simple and cost performance can be: improved.

-----In the following, the diversity radio
signal processing part used in the examples 2-1 - 2-
3 will be described in detail. Figs.22A-22C show

‘example block diagrams of the diversity radio 'signal
--processing part 113. ' Fig.22A shows a configuration’

for performing radio frequency band (or intermediate

- frequency band) combining processing for performihg

radio transmission by the radio frequency band  {or

‘intermediate frequency band) (in the example 2<17or’
.+ 2-2). Fig.22B shows-a configuration for petforming

digital :combining processing for radio transmission
by the radio frequency band (or intermediate
frequency band) (in the example 2-1 or 2-2).
Fig.22C shows a configuration for digital
transmission (in the example 2-3). In the
configurations, diversity combining processing in
the diversity combining part 401 will be described
later. ’

In Fig.22A, two input radio modulation
signals of radio fregquency band (or intermediate
band) are diversity-combined by the diversity
combining part 401, and demodulated into original
data (information signal) by a radio signal
demodulation part 402. In the demodulation by the
radio signal demodulatoxr 402, the radioc frequency
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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 band is
converted into a signal of intermediate frequency
band by the freguency 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 original data (information signal)
by the digital demodulation part 405.
If a signal -of the radio frequency band is
input into the A/D converter, load of the A/D
15 converter becomes large. Thus, the frequency
converter 403 is pravided to decreasing the load.

. Therefore, in the exaﬁple“Z—Z‘?since'the radio '
signal input to the diversity radio signal
processing part 113 is already a signal of

20 intermed;ate frequency band, the frequency converter
403 is unnecessary. e T
.. . . In Fig.22C, two. input radio modulation
. signals which are digital signals arxe diversity-
combined by the diversity combining part 401, and
25 demodulated into original data (information signal)
by a digital demodulation part 405. '
Next, configuration examples of the
diversity combining part 401 in the above
configurations (Figs.22A-22C) will be described with
30 reference to Figs.23A-23C. Fig.232 shows a
configuration when the diversity combining part 401
performs maximum ratio combining, Fig.23B shows a
configuration when the diversity combining part 401
performs selection combining, and Fig.23C shows a
35 configuration when the diversity combining part 401
" performs equal gain combining.
In Fig.23A, for each of input fwo signals,
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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 of
amplitude and phase which are detected by the
amplitude/phase controllers 502 such that signals
phase and level of the two signals becomes the same,
and the signals are combined and output by a
multiplexer 503.
| In Fig.23B, for each of input two signals,
amplitude is detected by amplitude detection parts
504, and higher level signal is output by a
switching part 505. ,
+In addition, in Fig.23C, input two signals
are combined by the multiplexer 503 and output.
Each of the configurations of the

diversity radio. signal processing part 113 may- -~~~ - o
- perform -any kind of above-mentioned diversity: = =

combining processing, in which any combination can
be taken.: - )
‘In addition, the radio signal modulation

. part and the diversity radio signdl processing part

in the first embodiment can be applied to each -
example of the second embodiment.
(example 2-4)

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

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
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. 1In Fig.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,
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
output destination of a distribution switch 603, and
the distribution switch 603 outputs input radio
modulation signals to a radio transmitter 105 or an

E/O0 converter 106.

In a receiving station 605, a switching
control part 607 controls switching of output
destination of a distribution. switch 606, and- the-
distribution switch 606 ocutputs an input radio™
modulation signal to one of a plurality of diversity
radio processing parts (two in this case) 113. The
MUX/DEMUX 608 multiplexes signals which' are divided
original data signals each of which'are combined and
demodulated. by each diversity radio signal - B
processing part so as to output complete original
data (information sﬁgnal).

In the following, a distribution method by

. the distribution switch 603.and 606, that is, a

switching contrxol 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
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
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 601 will be called a first
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
diversity radio signal processing part 113.

As shown in Fig.25, when propagation loss
of the propagation route is relatively small, the
switching control part 604 in the sending station:
601 controls the distribution switch 603 such that
the first signal part of the information signal is

output to .2 radio-transmission route and the second - °

signal part:is output:to an optical space
transmission route.

The switching control part 607 in the
recelving station 605 controls the distribution

‘switch 606 ‘such that-the signal received froém the .

radio transmission route is output to the first
diversity radio signal processing part 113 and-the
signal received from the optical space transmission
route is output to the second diversity radio signal
processing part 113. ‘That is, in this case,
combining procéssing is not performed in each
diversity radio signal processing'part 113. Only
multiplexing by the MUX/DEMUX 608 is performed.

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

On the other hand, when the propagation
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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
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
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
from the radio transmission route and the optical

spage . transmission route are output to the flrst

dlver51ty radio signal processing part 113 as shown
in Fig.26A. In addition, the sthchlng control part

607 in the receiving station 607 controls the

distribution switch 606 such that the second signal
parts received from the radioc transmission route and
the optical space transmission route are output to
the second diversity radio signal processing part
113 as shown in Fig. 26B. The first signal parts are.
combined by the first diversity radio signal
processing part 113 and the second S1gnal parts aré'
combined by the second diversity radio signal
processing part 113.

According to the above—mentiuned
configuration, when the propagation loss of the
propagation route is relatively larxge 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
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 be
described with reference to Fig.27. Fig.27 is a
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. 1In this example, stations each
having the sending station and the receiving station
of the example 2-¢ communicate each other in which
switching of distribution switches is controlled on
the basis of receive level in each station. 1In
Fig.27, the same numbers as in the information
trénsmission system of the example 2-4 in Fig.24 are
assigned to the same components in this embodiment.

- As shown in Fig.27 which shows a case in
which communication stations 901 communicate with
each other, each communication station 901 includes
a send part 902 corresponding to the sending”statiOn
601 in Fig.24, and a receive part 503 corr33pondlng'
to the receiving statiom 605.

The receive part 903 has a level detection

part 904 for monitoring receive level of the radio

transmission route and the optical space _
transmission route. The level detection part 904
judges the condition of the propagation route (that
is, magnitude of propagation loss), and judges
whether parallel (independent) transmission shown in
Fig.25 should be performed or diversity transmission
shown in Figs.26A and 26B should be performed.

The judgment information is transferred to
the MUX/DEMUX 602 in the send part 902, and is sent
to the communication station at the other end with
data (information signal). 1In the communication
station at the other end which received the judgment
information, the judgment information is separated
from the data (information signal) by the MUX/DEMUX
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608 of the réceive part 903, and the judgment
information is sent to the distribution switch 603
of the send part 802 as a switching control signal.
The distribution switch 603 performs

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 switching such that the
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
distribution switch 606 in the receive parxt 903, and

-

the .same switching control is performed.

According to this example, a closed loop
is formed in which the judgment information based on
the receive level of the routes is returned to the
send part. The distribution switches of both of-: the
sendlng station and the receiving station can be
controlled in the same way. - '

' In the above-mentioned description, the
examples 2~-4 and 2-5 uée radio frequency band like
the example 2-1. However, intermediate frequency
band can also be used like the example 2-2. 1In
addition, digital signal can also be used like the
example 2-3.

In the examples 2-1 - 2-5, although a case
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,
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.

- In addition, in the examples 2-4 and 2-5,
although a case in which each of the first and
second signal parts is transmitted by radio route
and optical route when propagation condition is bad
has been described, the information signal may not
be divided into the first and second signal parts

since the main purpose of this example is to

transmits the information signal by using the two
routes when propagation condition is bad.

Further, the diversity combining
processing can be performed by using other methods.

 According_to the information transmlsslon
method of the second embodiment,. even when one of
signals in the two systems is largely attenuated due
to rain or fog, other .signal is noét largely -
attenvated. Therefore, resistance to-both of ‘rain -
and fog can be improved. ' In addition, even when the"
signals of the two systems are attenuated by rain
and fog, communication quality can be improved.’

' Further, transmission capacity can be
doubled, and a first transmission mode in which
transmission capacity is doubled and a second
transmission mode in which communication quality is
maintained can be used selectively.

Further, since a signal to be applied to
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 fregquency band as the
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,
apparatuses can be simpler and cost performance can
be improved.

The present invention is not limited to
the specifically disclosed emboéiménts, and
variations and modifications may be made without
departing from the scope of the invention.
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HHAT IS CLAIMED IS:

1. An information transmission system for
transmitting information from a sending apparatus to
a receiving apparatus, said information transmission
system comprising:

a sending apparatus for modulating an
information signal, generating a pluiality_of
signals including an optical signal from said
information signal which is modulated, and
transmitting said plurality of signals via a
plurality of routes; and

a receiving apparxatus for receiving said

- plurality of signals from said sending apparatus,

15

20

25

30

35

combining said plurality of signals, and outputting
said information signal. ) LA e

2. The information transﬁiSSion system as
claimed in claim 1, wherein said plurality of
signais are a plurality of optical signals or
signals including a radio signal. ’

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

a sending apparatus modulating an
information signal, generating a plurality of
signals including an optical signal from said
information signal which is modulated, and
transmitting said plurality of signals; and
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a receliving apparatus receiving said
plurality of signals from said sending apparatus,
combining said plurality of signals, and outputting
said information signal. |

4. The information transmission method as
claimed in claim 3, wherein said plurality of
signals are a plurality of optical signals or
signals including a radio signal.

5. An optical space transmission system
comprising:

a first optical space transmission
apparatis including one or more optical traﬁsmitterg
which send a- radio modulation'signai converted from

‘an information signal; and

_ a second optical space transmission
apparatus including one or more optical receivers
which combiné a plurality of receive signals
transmitted by said first optical space transmission
apparatus via a plurality of paths.

6. The optical space transmission system
as claimed in claim 5, wherein said one or more
optical transmittexrs send said radio modulation
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 part
which converts an information signal to be sent into
a radio modulation signal, and an optical '
transmitter which converts output of said radiéu
signal modulation part into an optical signal; and

" a second optical space transmission
apparatus including a plurality of optical recelvers.
which convert optical signals received from said o

optical transmitter into electrical signals, and a

diversity radio signal processing part which
combines outputs of said optical receivers.

a. An'optical'space transmission system
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
output of said radio signal modulation part into a
plurality of branches, and a plurality of optical
transmitters which converts signals of said branches
into optical signals and transnmit said optical
signals to the air; and _

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
comprising: '

a first optical space transmission
apparatus including a part which divides an _
information signal to be sent into & plurality of -
branches, a plurality of radio signal modulation
parts which convert signals of said branches into
radio modulation sigpals, and a pliirality of optical
transmitters which converts outputs of said radio
signal modulation parts into optical signals and
transmit said optical signals to the air; and

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
part which equalizes and combines output of said
optical receiver. -

10. An optical space transmission system
comprising: .

a first optical space transmission
apparatus including a radio signal modulation part
which converts an information signal to be sent into
a radic modulation signal, a part which divides
output of said radio signal modulation parxt 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 optical
signals to the airx; and
5 a second optical space transmission

apparatus including a plurality of optical receiveré
which receive ‘said optical signals sent from said
optical transmitters and convert said optical
signals into electrical signals, and a diversity

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

13

- m;}.JAn-bptical'space transmission -system - - = -
comprising: ’ ' _ -
a first optical space transmission
apparatus including a part which divides an
20 information signal to be sent into a plurality of
‘branches, a plurality of radio signal modulation
parts which convert signals of said branches inte
radio modulation sighals, and a plurality of optical
transmitters which convert outputs of said radio
25 signal modulation parts inte 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 saild optical signals sent from said
30 optical transmitters and convert said optical
signals into electrical signals, and a diversity
radio signal processing part which equalizes and
combines outputs of said optical receivers.

35
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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
branches. '

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

14. An optical space transmission system
comprising: ’

" a first optical space transmission
apparatus including a2 radio signal modulation parxt
which converts an information signal tb be sent into
a radio modulation signal, a part which divides
output of said radio signal modulation part into a
Plurality of branches, one or more delay circuits
which delay a part of signals of said branches, a
multiplexer which multiplexes output of said delay
circuits and signals of the other branches, and an
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
receives saild optical signal sent from said optical
transmitter and converts said optical signal into an
electrical signal and a radio signal processing part
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which equalizes and combines output of said optical
receiver.

~52—

15. The optical space transmission system
as claimed in claim 7, said radio signal meodulation
part in said first optical space transmission
apparatus including a baseband modulation part, and-
an orthogonal modulation part which orthogonally

-modulates output of said baseband modulation part.

16. The optical space transmission system
as claimed in claim 15, said radio signal modulation
part further including a frequency converter after
said orthogonal modulation part, and a local
oscillator which generates a reference signal for

-sald frequency converter.

17. The optical space transmission system
as claimed in claim 8, said radio signal processing
part in said second optical space transmission
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
output of said orthogonal detection part; and

a baseband demodulation part which
converts output of said equalizer into an orxiginal
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information signal.

. 18. The optical space transmission system
as claimed in claim 9, said radio signal processing
part in said second optical space transmission
apparatus comprisingf .

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

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

a baseband demodulation part which
converts output of said equalizer into an original *
information signal. ’ - o

o 19. The optical space transmission system
as claimed in claim 8, said radio signal prbcessihg
part in said second optical space transmission
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;

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;' '

an equalizer which egualizes 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 claim 9, said radio signal processing
part in said second optical space transmission
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;

a local oscillator which generates a
reference signal for said fregquency converter;

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

an equalizer which equallzes and comblnes
output of said orthogonal detection part; and

a baseband demodulation part which
converts output of said equalizer into an original

information signal.

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

a plurality of orthogonal detection parts
which detect baseband signals received by said
optical recelvers;

a baseband diversity 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
egualization combining part into an original
information signal.

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

a'diversity compbining part which combines
signals of intermediate frequency band or radio
g;gquepcy.band,re;eivgd_by said optical receivers; '

a frequency converter for output of said

diversity combining part;

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

an orthogonal detection part which detects

baseband radio modulation signals output from said
freguency converter; _ o

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

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

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

a plurality of frequency converters which
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perform frequency conversion for signals of
intermediate fréquency band or radio frequency band
received by said optical receivers;

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

a plurality of orxthogonal detection parts
which detect baseband signals output from said
frequency converters;

a baseband diversity equalization
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
information signal. '

A |

24. The optical space transmission system

‘as claimed 'in claim 22, said diversity combining

part comprising a part which performs maximum ratio

‘combining for a plurality of input signals.

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

'26. The optical space transmission system
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as claimed in claim 22, said dlver31ty comblnlng
part compr1s1ng 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 egqualization combining part comprising:
transversal equalizers which egualize
1nput baseband -signals; and
o a part for performing maximum ratlo-.
comblnlng for outputs of said transversal equalizers.
15

- 28. The optical space transmission system
- 20 3s claimed in claim 21, said baseband dlver51ty
equallzatlon comblnlng part compr1s1ng.
transversal equalizers which equallze
input baseband signals; and
' a part for performing selection combining
25 for outputs of said transversal equalizers. :

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

transversal equalizers which equalize
input baseband signals; and

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

as claimed in claim 21, said baseband diversity
equalization combining part comprising an adaptive
decision feedback type transversal combining

diversity part.

31. The optical space
as claimed in claim 30, wherein

transmission system
said adaptive

decision feedback type transversal combining

~diversity part uses an adaptive

determining tap coefficients of
equalizers.

..32. The opticél space
as claimed in claim 31, wherein

33. The optical space
as claimed in claim 31, wherein

used as said adaptive algorithm.

algorithm for
said transversal

transmission system
RLS algorithm is

used as said adaptive algorxithm.

transmission system
IMS algorithm is

34. An optical space transceiver
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comprising a first optical space transmission
apparatus and a second optical space transmission -
apparatus;

said first optical space transmission
apparatus including one or more optical transmitters
which send an information signal converted into a
radio modulation signal; and

said second optical space transmission

" apparatus including one or more optical receivers

10

15

20

25

30

35

which combines a plurality of receive signals sent
via a plurality of paths. '

)

o e 35 An optlcal space transm1351on method
comprlslng the steps of! '
converting an information signal to be
sent into a radioc modulation signal, and sending
said radio modulation signal as an optical 51gna1 in
a sending station; . o
receiving optical signals, converting said
optical sigﬁals into electrical signals, and:
demodulating said electrical signals by performihg
equalization and combining or by performing'
diversity COmbining'in a receiving station.

36. An optical space transmission
apparatus having one or more optical transmitters in
an optical space transmission system which includes
said optical space transmission apparatus having one
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 converts
an information signal into one or more radio
modulation signals.

37. The optical space transmission
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.

38. An optical space transmission
apparatus having one or more optical receivers in an
optical space transmission system which includes an
optical space transmission apparatus having one dor -
more optical transmitters and said optical space |
transmission apparatus having one or more optical
receivers, wherein: ' '

; said optical- space transmission apparatus
having one or more eptical receivers receives '
signals transmitted via a plurality of paths by said
optical space transmission apparatus having one or
more optical transmitters, combines said signals
transmitted via a plurality of paths.

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 z plurality of times by shifting sending time
as optical signals, and said one or more optical
receivers receive said optical signals transmitted
via a plurality of paths with respect to time or
space.

—61-

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 saiad
receiving apparatus; '

‘said sending apparatus comprising:

a radio signal modulation part for
modulating an information signal;

_ a radio signal transmitter for
transmitting said: information signal whlch is N
modulated to said receiving apparatus as a radio |
signal; and
o an optical signal transmitter for
transmitting said information signal which is
modulated to said receiving apparatus as an optical
signal, - ' '

said receiving apﬁaratus comprising:

a radio signal receiver for receiving said
radio signal transmitted from said sending apparatus
and outputting a first signal;

' an 6§tical 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
first signal and said second signal, and
regenerating said information signal.
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41. The information transmission system as
5 claimed in claim 40, said sending apparatus further
comprising: _ '
a signal dividing part for dividing said
information signal into a first signal part and a
second signal part;
10 wherein said radio signal transmitter
transmits said first signal part to said receiving
apparatus as a radio signal, and said optical signal
transmitter transmits said second.signal part_to '
said receiving apparatus as an optical signal.
15

42, An information transmission system for =
20. transmitting information from a sending apparatus to
a receiving apparatus, said information transmission
system comprising said sending apparatus and said
receiving apparatus which include a mode selection
part for selecting one of a first transmission mode
25 and a second transmission mode,
 said sending apparatus comprising:
a signal dividing part for dividing an
information signal into a first signal part and a
second signal part;
30 radio signal modulation parts for
' modulating said first signal part and said second
signal part; '
a control part for controlling said
sending apparatus such that said first signal. part
35 1s 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
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:

"a part for multiplexing said first signal
part and said second signal part when said first
transmission mode is sélected; and ' '

| a part for‘diversity—combining said
information signal which is transmitted via said

plurality of routes when said second transmission

mode is selected.

‘43, The information transmission system as
claimed in claim 42, wherein said mode selection
part selects said first transmission mode when o
transmission routes between said sending apparatus
and said receiving apparatus are in a first
condition, and said mode selection part selects said
second transmission mode when said transmission
routes between said sending apparatus and said
receiving apparatus are in a second condition which

is worse than said first conditionm.

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
converter after said orthogonal modulation part, and
a local oscillator which generates a reference
signal for said frequency converter. T

46. The information transmission system as
claimed in claim 40, said signal combining part in
said receiving apparatus comprising: ' o

~a plurality of orthogonal detection parts
which detect bhaseband signals received by said’ S
optical signal receiver; S
_ a baseband diversity equalization
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 oxiginal
information signal.

_ 47. The information transmission system as
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 freguency band or radio
frequency- band received by said optical receivers;
a frequency converter for output of said

.diversity combining part;

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

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

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

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

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

. a plurality of frequency converters which
perform frequency conversion for signals of’
intermediate fregquency band or radio frequency band
recelved by said optical receivers;

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

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

'~ a baseband diversity equalization
combining part which combines outputs of said
orthogonal detection parts; and

a baseband demodulation paxt which
converts output of said baseband diversity
equalization combining part into an original
information signal.
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5 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.

10

50. The information transmission system as

claimed in claim 47, said diversity combining part

15 comprising a part which performs selectlion combining

for a plurality of input signals according to = = *
receive level. -

20

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

25 combining for a plurality of input signals.

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

transversal equalizers which equalize
input baseband signals; and

35 a part for performing maximum ratio
combining for outputs of said transverxsal eqgualizers.
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53. The information transmission system as
5 claimed in claim 46, said baseband diversity
equalization combining part comprising:
transversal equalizers which equalize
input baseband signals; and
' a part for performing selection combining
10 for outputs of said transversal equalizers.

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

transversal equalizers which equalize
- input baseband signals; and

20 a part for performing equal gain combining

for outputs of said transversal equalizers. o

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

35 56. The information transmission system as
claimed in claim 55; wherein said adaptive decision
feedback type transversal combining diversity part
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uses an adaptive algorithm for determining tap
coefficients of said transversal equalizers.

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

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

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

said sending apparatus modulating an
information signal, trausmitting said information
signal which 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

- 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 in claim 59, said information transmission
method further comprising the steps of:

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

wherein said sending apparatus transmits
said first signal part to said receiving apparatus
as a radio signal, and transmits said second sigﬂal
part to said receiving apparatus as an optical |
signal. ) ' |

6l. An information transmission method
useéd’ for transmitting information from a éehaing
apparatus to a receiving apparatus, said information
transmission method comprising the steps of: |

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

said sending appaiatus dividing an
information signal into a first signal part and a
second signal part, modulating said first signal
prart and said second signal part; _

_ controlling said sending apparatus such
that said first signal part is transmitted to said
receiving apparatus as a radio signal and said

‘second signal part is transmitted to said receiving

apparatus as an optical signal when said first
transmission mode is selected;

contrelling 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;

said receiving apparatus multiplexing said
first signal part and said second signal part when
said first transmission mode is selected; and

sald receiving apparatus diversity-
combining said information signal which is
transmitted via said plurality of routes when said
second transmission mode is selected.

. - 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
are in a first condition; and said second

.transmission mode is selected when said transmission

routes between said sending apparatus and said’ -
receiving apparatus are in a second condition which

'is worse than said first condition.

63. A sending apparatus comprising:

2 radio signal modulation part for
modulating an information signal; ‘

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

an optical signal transmitter fox
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 signal of an intermediate frequency band;

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

an optical signal conversion part for
converting said radio signal of said intermediate
frequency band to an optical signal.

65. The sending apparatus as claimed in

.claim 63, said sending apparatus further comprising: -

_ a digital signal conversion part for
converting said information signal to a digital-
signal:

an analog signal converter for converting
said digital signal into a radio signal of an analog
signal format; and

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

66. The sending apparatus as claimed in
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
second signal part as an optical signal.

67. A sending apparatus comprising:

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

a signal dividing part for dividing an
information signal into a first 51gnal part and a
second signal part; . : o

radio signal 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 -
~is transmitted as a radio signal and said second

signal part is transmitted as an optical signal when
said first transmission mode is selected;

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

68. The sending apparatus as claimed in
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 worse than
said first conditién,

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;
and

a2 signal combining part for combining said-

 first signal and said second signal, and

regenerating said information signal.

70. The receiving apparatus as claimed in
claim 69, said receiving apparatus further
comprising: o
a made selection part for Selecting one of"
a first transmission mode and a second transmission
mode;

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

‘mode is selected, and said first signal and said

second signal are diversity-combined by said signal
combining part when said second transmission mode is
selected.
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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
routes between said sending apparatus and said
recelving 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 is worse

‘than said first condition.



