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ABSTRACT

A transmitting station according to the present
invention includes a transmitting antenna capable of changing
an orientation direction thereof and a control unit to
control the orientation direction of the transmitting antenna
in accordance with the orientation direction of the
transmitting antenna, the orientation direction of the
transmitting antenna and a receiving station for receiving
data transmitted from the transmitting antenna being
determined on the basis of an estimated value of a received
signal quality at a receiving station that is a candidate of
the receiving station for receiving the data transmitted from
the transmitting antenna and an estimated value of an
interference amount caused by reception of the data in

another radio communication system.
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1
DESCRIPTION

TRANSMITTING STATION, CONTROL STATION, RECEIVING STATION,
DATA TRANSMISSION SYSTEM, AND DATA TRANSMISSION METHOD

Field

[0001] The present invention relates to a transmitting
station, a control station, a receiving station, and a data
transmission method in a data transmission system that

transmits data as radio signals.

Background

[0002] Data transmission systems in which data obtained
using artificial satellites such as cbservation satellites
operating in the earth orbit in the outer space is
transmitted from the artifiéial satellites or the like to
receiving stations on the Earth have been introduced. In
recent years, with an increase in the precision of
observation equipment mounted in the observation satellites,
the amount of data transmitted by the observation
satellites has been increasing. Thus, in order to transmit
the data at higher speeds than ever before, the data
transmission systems using a band of 26 GHz or the like in
which a wide band is available are being studied.
Hereinafter, artificial satellite is abbreviated as
satellite.

[0003] In the data transmission systems using the
satellites, signal attenuation such as rain attenuation due
to rain, snow, or the like occurs when the receiving
stations receive the signals transmitted from the
satellites. 1In particular, as the freguency band becomes
higher, the amount of attenuation of signals due to rain
increases. Thus, various methods are being studied as

measures against the rain attenuation. The measures
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against the rain attenuation include, for example, the site
diversity using a plurality of the receiving stations and
the adaptive modulation.
[0004] The site diversity using a plurality of the
receiving stations is, as described in Non Patent
Literature 1, for example, a method in which a plurality of
the receiving stations disposed on the Earth receives the
data transmitted by the transmitting station mounted in the
satellite, and the central station receives the data from
the plurality of the receiving stations and synthesizes the
received data. The probability that a plurality of
receiving stations geographically separated is all in rain
at the same time is lower than the probability that a
single receiving station is in rain. Thus, using the
above-described site diversity, the probability that the
signal attenuation occurs due to rain can be reduced, as
compared to the case where the single receiving station is
used. Consequently, using the above-described site
diversity, the probability that the central station can
receive the data correctly, that is, the probability that
received data agrees with the data transmitted from the
transmitting station becomes higher than the probability
that the single receiving station, the receiving station
can receive data correctly by using a single receiving
station. When the above-described site diversity is used,
the capability of the correct receptiocn means that the data
synthesized by the central station is correct data.
[0005] Adaptive modulation is the scheme to change a
modulation scheme, a code rate, and the like of
transmission signals in accordance with received signal
quality. The adaptive modulation is a method referred to
as adaptive coding and modulation (ACM) or variable coding

and modulation (VCM) in Non Patent Literature 2, for
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example. This method performs the control to reduce a
modulation level and a code rate when reception quality is
low, and increase the modulation level and the code rate
when the reception quality is high. This control enables
transmission and reception satisfying a desired error rate.
[0006] As described above, the use of the site diversity
can reduce the probability that the signal attenuation
occurs due to rain or the like, as compared to the case
where the single receiving station is used. This reduces
the amount of rain attenuation that should be estimated in
the channel design, and thus increases a design value in
the received signal quality. Consequently, the modulation
level and the code rate can be set higher to improve

throughput.

Citation List

Non Patent Literature

[0007] Non Patent Literature 1l: International

Telecommunication Union (ITU-R) P. 618-11, 9/2013
Non Patent Literature 2: European

Telecommunications Standards Institute Technical

Specification (ETSI TS) 302 307-1 v1.4.1, 11/2014

Summary

Technical Problem

[0008] An orbiting satellite such as a satellite in a
synchronous sub-recurrent orbit varies in the ground path
of the satellite orbit. Thus, an elevation angle of the
satellite at the receiving station and the distance between
the receiving station and the satellite vary depending on
the location in the orbit of the satellite, so that the
shape and area of the beam emitted by the satellite vary.

That is, even when the orientation direction of the beam is
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determined such that the received signal guality at a
plurality of the receiving stations performing the site
diversity has a desired value, the received signal quality
at the receiving stations can disadvantageously fall below
the desired value depending on changes in the location of
the satellite.
[0009] Furthermore, in a case where a frequency used for
communication between the orbiting satellite and the
receiving station is the same as a frequency used by
another radio communication system on the ground, radio
waves may interfere with each other, thereby deteriorating
a communication quality. 1In particular, since the
interference amount increases in a case where a receiving
station of the other radio communication system is
positioned within a beam irradiation range of the orbiting
satellite, a method for avoiding the interference is
required.
[0010] The present invention has been made in
consideration of the above. An object of the present
invention is to obtain a transmitting station capable of
suppressing an interference applied to the other radio
communication system and maintaining a received signal
quality at a receiving station for receiving data of an
orbiting satellite, the received signal quality being equal

to or more than a desired wvalue.

Solution to Problem

[0011] To solve the above problem and achieve the object,
the present invention provides a transmitting station
comprising: a transmitting antenna capable of changing an
orientation direction thereof; and a control unit to
control the orientation direction of the transmitting

antenna in accordance with the orientation direction of the
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transmitting antenna, the orientation direction of the
transmitting antenna and a receiving station for receiving
data transmitted from the transmitting antenna being
determined on the basis of an estimated value of a received
signal quality at a receiving station that is a candidate for
receiving the data transmitted from the transmitting antenna
and an estimated value of an interference amount caused by

reception of the data in another radio communication system.

According to an aspect of the present invention, there is
provided a transmitting station comprising:

a transmitting antenna capable of changing an orientation
direction thereof;

a control unit to control the orientation direction of
the transmitting antenna, the orientation direction of the
transmitting antenna being determined by a control station
based on estimated values of received signal quality at
receiving stations that are candidates for receiving data
transmitted from the transmitting antenna and an estimated
value of an interference amount caused by reception of the
data in another radio communication system; and

a receiving unit to receive, from the control station,
information indicating the orientation direction of the
transmitting antenna determined on the basis of the estimated
values of the received signal quality and the estimated values
of an interference amount calculated by the control station,
wherein

the control unit controls the orientation direction of
the transmitting antenna on the basis of the information

received from the control station.

CA 3024082 2019-11-26
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According to another aspect of the present invention,
there is provided a control station for controlling a
transmitting station as described herein, the control station
comprising:

a reception-quality estimating unit to calculate
reception-quality estimate values and an interference amount
estimated value, the reception-quality estimate values being
estimated values of received signal quality at receiving
stations which are candidates for receiving data transmitted
from a transmitting antenna of the transmitting station, the
interference amount estimated value being an estimated value
of an interference amount caused by reception of the data in
another radio communication system;

a beam control unit to determine an orientation direction
of the transmitting antenna on the basis of the reception-
quality estimate values and the interference amount estimated
value; and

a transmitting unit to transmit, to the transmitting
station, the orientation direction of the transmitting antenna
determined by the beam control unit.

According to another aspect of the present invention,
there is provided a receiving station for receiving data from
a transmitting station using a receiving antenna, the
transmitting station as described herein, the receiving
station comprising:

the receiving antenna, the receiving antenna having a
changeable orientation direction thereof;

a control unit to control the orientation direction of
the receiving antenna, the orientation direction of the

receiving antenna being selected based on an interference

CA 3024082 2019-11-26
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a receiving unit to receive, from a control station, the
orientation direction of the receiving antenna determined by
the control station, wherein

the control unit controls the orientation direction of
the receiving antenna on the basis of the orientation
direction of the receiving antenna received from the control
station.

According to another aspect of the present invention,
there is provided a data transmission method of a data
transmission system including a transmitting station including
a transmitting antenna, a receiving station capable of
receiving data transmitted from the transmitting antenna, and
a control station, the method comprising:

calculating, by the control station, reception-quality
estimate values and an interference amount estimated value,
the reception-quality estimate values being estimated values
of received signal quality at receiving stations which are
candidates for receiving data transmitted from the
transmitting antenna, the interference amount estimated value
being an estimated value of an interference amount caused by
the reception of the data in another radio communication
system;

determining, by the control station, an orientation
direction of the transmitting antenna and the receiving
station that receives the data transmitted from the
transmitting antenna, on the basis of the reception-quality
estimate values and the interference amount estimated value;

transmitting, by the control station, the determined
orientation direction of the transmitting antenna to the

transmitting station; and

CA 3024082 2019-11-26
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controlling, by the transmitting station, the orientation
direction of the transmitting antenna, on the basis of the
orientation direction of the transmitting antenna received
from the control station.

According to another aspect of the present invention,
there is provided a control circuit for a transmitting station
having a transmitting antenna capable of changing an
orientation direction thereof, the control circuit comprising:

a control unit to control the orientation direction of
the transmitting antenna, the orientation direction of the
transmitting antenna being determined by a control station
based on estimated values of received signal quality at
receiving stations that are candidates for receiving data
transmitted from the transmitting antenna and an estimated
value of an interference amount caused by reception of the
data in another radio communication system; and

a receiving unit to receive, from the control station,
information indicating the orientation direction of the
transmitting antenna determined on the basis of the estimated
values of the received signal quality and the estimated values
of an interference amount calculated by the control station,
wherein

the control unit controls the orientation direction of
the transmitting antenna on the basis of the information
received from the control station.

According to another aspect of the present invention,
there is provided a computer program product comprising a
computer readable memory storing computer executable
instructions thereon that when executed by a computer perform:

controlling a changeable orientation direction of a

transmitting antenna of a transmitting station, the

CA 3024082 2019-11-26
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computer readable memory storing computer executable
instructions thereon that when executed by a computer perform:

controlling a changeable orientation direction of a
transmitting antenna of a transmitting station, the
orientation direction of the transmitting antenna being
determined by a control station based on estimated values of
received signal quality at receiving stations that are
candidates for receiving data transmitted from the
transmitting antenna and an estimated value of an interference
amount caused by reception of the data in another radio
communication system; and

receiving, from the control station, information
indicating the orientation direction of the transmitting
antenna determined on the basis of the estimated values of the
received signal quality and the estimated values of an
interference amount calculated by the control station,
wherein

the orientation direction of the transmitting antenna is
controlled on the basis of the information received from the

control station.

Advantageous Effects of Invention

[0012] A transmitting station according to the present
invention provides an effect of suppressing an interference
applied to the other radio communication system and
maintaining a received signal quality at a receiving station
for receiving data of an orbiting satellite, the received

signal quality being equal to or more than a desired value.

Brief Description of Drawings

[0013] FIG. 1 is a diagram illustrating a configuration

CA 3024082 2019-11-26
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example of a data transmission system in an embodiment.

FIG. 2 is a diagram illustrating a configuration example
of a transmitting station in the embodiment.

FIG. 3 is a diagram illustrating a configuration example
of a control circuit in the embodiment.

FIG. 4 is a flowchart illustrating an example of a
control processing procedure of a control unit of the
transmitting station in the embodiment.

FIG. 5 is a diagram illustrating a configuration example
of a receiving station in the embodiment.

FIG. 6 is a flowchart illustrating an example of a

control processing procedure of a control unit of the

CA 3024082 2019-11-26
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receiving station in the embodiment.

FIG. 7 is a diagram illustrating a configuration
example of a central station in the embodiment.

FIG. 8 is a diagram illustrating a configuration
example of a control station in the embodiment.

FIG. 9 is a graph schematically representing the
relationship between an availability rate and a rain
attenuation amount.

FIG. 10 is a diagram illustrating an example of a
change in a footprint of a beam of the transmitting station
mounted in a polar orbiting satellite.

FIG. 11 is a flowchart illustrating an example of a
beam determination processing procedure at a beam control
unit.

FIG. 12 is a flowchart illustrating an example of a
processing procedure of calculating a reception-quality
estimate wvalue.

FIG. 13 is a diagram for explaining an angle © between
a beam center and a vector directed from the transmitting
station toward the receiving station.

FIG. 14 is a diagram for explaining an antenna
orientation direction of the receiving station.

FIG. 15 is a diagram illustrating an example of a beam
irradiation direction of the transmitting station
determined by the processing explained with reference to
FIGS. 11 and 12.

FIG. 16 is a diagram illustrating an example of
selection of a frequency.

FIG. 17 is a diagram illustrating an example of
selection of polarization.

FIG. 18 is a diagram illustrating an example of a
footprint of a beam when a receiving-station group and a

beam center candidate are selected in the embodiment.
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Description of Embodiments
[0014] Hereinafter, a transmitting station, a control
station, a receiving station, a data transmission system,
and a data transmission method according to embodiments of
the present invention will be described in detail with
reference to the drawings. The embodiments are not
intended to limit the invention.
[0015] Embodiment

FIG. 1 is a diagram illustrating a configuration
example of a data transmission system according to an
embodiment. A first radio communication system 401 that is
the data transmission system in the present embodiment
includes a transmitting station 1, receiving stations 2-1
and 2-2, a central station 3, and a control station 4. A
second radio communication system 402 is an example of the
other radio communication system using the same frequency
or the same polarization as the first radio communication
system 401. The phrase “using the same freguency or the
same polarization” means that at least one of the frequency
and the polarization is the same. The second radio
communication system 402 includes a transmitting station 7
and a receiving station 8. Although FIG. 1 illustrates
only two receiving stations, the number of receiving
stations is not limited to this. Hereinafter, when the
receiving stations 2-1 and 2-2 are discussed without being
distinguished from each other, they are each referred to as
a receiving station 2. The second radio communication
system 402 is a desired radio communication system, and a
single transmitting station 7 and a single receiving
station 8 are illustrated in FIG. 1. However, the numbers
of transmitting stations 7 and receiving stations 8 may be

equal to or more than two. Note that the second radio
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communication system 402 may be any general radio
communication system, and in the present embodiment,
detailed description of the transmitting station 7 and the
receiving station 8 of the second radio communication
system 402 will be omitted.
[0016] The transmitting station 1 is a transmitting
apparatus mounted in a satellite. Although an example
where the transmitting station 1 is mounted in the
satellite is herein described, the transmitting station 1
may alternatively be mounted in an aircraft or the like.
The receiving stations 2-1 and 2-2 are installed on the
Earth. The central station 3 and the control station 4 are
also installed on the Earth. In FIG. 1, dotted lines and
solid lines connecting the stations show connection forms
between the stations. The dotted lines represent wireless
connections, and the solid lines represent wired
connections. The transmitting station 1 and the receiving
stations 2-1 and 2-2 are wirelessly connected, and the
receiving stations 2-1 and 2-2 and the central station 3
are connected by wires. The control station 4 is connected
to the receiving stations 2-1 and 2-2 and the central
station 3 by wires, and is wirelessly connected to the
transmitting station 1. A radio channel between the
control station 4 and the transmitting station 1 and a
radic channel between the transmitting station 1 and the
receiving stations 2-1 and 2-2 are different from each
other. The radio channel between the control station 4 and
the transmitting station 1 is referred to as a control
channel where appropriate, and the radio channel between
the transmitting station 1 and the receiving stations 2-1
and 2-2 is referred to as a data channel where appropriate.
The control channel and the data channel are different in

frequency, for example.
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[0017] A footprint 6 shows an area on the ground surface
where radio waves emitted by the transmitting station 1
through the data channel can be received. A range of
irradiation by the transmitting station 1 through the data
channel is called a beam. It is assumed that a
communication method using the control channel between the
control station 4 and the transmitting station 1 is
different from a communication method using the data
channel between the transmitting station 1 and the
receiving stations 2-1 and 2-2. Thus, an area in which
radio waves transmitted by the transmitting station 1 using
the control channel can be received may be different from
an area in which radio waves emitted by the transmitting
station 1 using the data channel can be received.

[0018] FIG. 2 is a diagram illustrating a configuration
example of the transmitting station 1 in the present
embodiment. The transmitting station 1 in the present
embodiment includes a data generation unit 11, a
transmission buffer 12, an encoding unit 13, a modulation
unit 14, a radio transmitting unit 15, a transmitting
antenna 16, and a control-information receiving section 17.
The data generation unit 11 generates data to be
transmitted such as observation information, that is,
transmission data. The data generation unit 11 may be, for
example, observation equipment or the like, or may be a
processing circuit that performs processing such as
compression on observation data from observation equipment
to generate data to be transmitted. The transmission
buffer 12 stores data generated by the data generation unit
11.

{0019] The encoding unit 13 encodes data output from the
transmission buffer 12, that is, the transmission data.

For a code used in encoding at the encoding unit 13, a
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convolution code, a low-density parity-check (LDPC) code, a
Reed-Sclomon (RS) code, or the like can be used, but it is
not limited to them. The modulation unit 14 modulates the
encoded data. As a modulation scheme at the modulation
unit 14, for example, quadrature phase-shift keying (QPSK),
quadrature amplitude modulation (QAM), or the like can be
used, but it is not limited to them. The modulation radio
transmitting unit 15 converts the modulated data into a
signal of a radio transmission frequency band, amplifies
this signal and transmits the amplified signal as a radio
signal through the transmitting antenna 16. The
transmitting antenna 16 is an antenna whose orientation
direction is changeable. The control-information receiving
section 17 receives control information from the control
station 4, and controls the operations of parts
constituting the transmitting station 1 on the basis of the
received control information. A receiving unit 172 of the
contrecl-information receiving section 17 receives the
control information from the control station 4 and inputs
this control information to a control unit 171. The
control unit 171 of the control-information receiving
section 17 controls the operations of the parts
constituting the transmitting station 1 on the basis of the
input control information.
[0020] The control information contains information
specifying an orientation direction of the transmitting
antenna 16. Specifically, the receiving unit 172 receives
from the control station 4 an orientation direction of the
transmitting antenna 16 determined at the control station 4
together with receiving stations to receive data
transmitted from the transmitting antenna 16, on the basis
of estimate values of received signal quality at receiving

stations 2 that are candidates for receiving stations to
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receive the data. The control unit 171 controls the
orientation direction of the transmitting antenna 16, in
accordance with the orientation direction received by the
receiving unit 172. Control performed by the control-
information receiving section 17 will be described later.
The control information may also include information
indicating an encoding scheme and a control scheme. In
this case, the receiving unit 172 receives from the control
station 4 the information indicating an encoding scheme and
a modulation scheme determined at the control station 4 on
the basis of the estimate values of received signal quality
at the receiving stations 2 corresponding to the
orientation direction of the transmitting antenna 16. On
the basis of the received information indicating the
encoding scheme and the modulation scheme, the control unit
171 indicates the encoding scheme to the encoding unit 13,
and indicates the modulation scheme to the modulation unit
14.

[0021] The parts illustrated in FIG. 2 can each be
implemented as hardware such as an individual device or
circuit. The data generation unit 11 is observation
equipment or a processing circuit for generating data, or
the like. The transmission buffer 12 is a memory. The
encoding unit 13 is an encoder. The modulation unit 14 is
a modulator or a modem. The radioc transmitting unit 15 is
a processing circuit including an analog-to-digital
converter circuit, a frequency converter circuit, an
amplifier circuit, and others. The receiving unit 172 of
the control-information receiving section 17 is a receiver.
The control unit 171 of the control-information receiving
section 17 is a processing circuit that controls the parts
on the basis of the control information. The above parts

may be configured as individual circuits or devices, or a
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plurality of functional parts may be configured as a single
circuit or device.

[0022] The data generation unit 11 (when the unit 11 is
the processing circuit for generating data), the control
unit 171 in the control-information receiving section 17,
the encoding unit 13, and the modulation unit 14 may be
dedicated hardware, or may be a control circuit including a
memory and a CPU (also called a central processing unit, a
central processor, a processing unit, an arithmetic unit, a
microprocessor, a microcomputer, a processor, or a digital
signal processor (DSP)) that executes programs stored in
the memory. Here, the memory corresponds to nonvolatile or
volatile semiconductor memory such as random-access memory
(RAM), read-only memory (ROM), flash memory, an erasable
programmable read-only memory (EPROM), or an electrically
erasable programmable read-only memory (EEPROM), or a
magnetic disk, a flexible disk, an optical disk, a compact
disk, a mini disk, a digital versatile disk (DVD), or the
like.

[0023}] When the data generation unit 11 (when the unit
11 is the processing circuit for generating data), the
processing circuit in the control-information receiving
section 17, the encoding unit 13, and the modulation unit
14 described above are implemented by dedicated hardware,
these are, for example, a single circuit, a combined
circuit, a programmed processor, a parallel-programmed
processor, an application-specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), or a
combination thereof.

[0024)] When the data generation unit 11 (when the unit
11 is the processing circuit for generating data), the
processing circuit in the control-information receiving

section 17, the encoding unit 13, and the modulation unit



10

15

20

25

30

CA 03024082 2018-11-13

13
14 are implemented by a control circuit including a CPU,
the control circuit is, for example, a control circuit 200
of a configuration illustrated in FIG. 3. As illustrated
in FIG. 3, the control circuit 200 includes an input unit
201 that is a receiving unit that receives data input from
the outside, a processor 202 that is a CPU, a memory 203,
and an output unit 204 that is a transmitting unit that
transmits data to the outside. The input unit 201 is an
interface circuit that receives data input from the outside
of the control circuit 200 and supplies this input data to
the processor 202. The output unit 204 is an interface
circuit that sends data from the processor 202 or the
memory 203 to the outside of the control circuit 200. When
the data generation unit 11 (when the unit 11 is the
precessing circuit for generating data), the processing
circuit in the control-information receiving section 17,
the encoding unit 13, and the modulation unit 14 are
implemented by the control circuit 200 illustrated in FIG.
3, they are implemented by the processor 202 reading and
executing a program stored in the memory 203 and
corresponding to individual processing of each part. The
memory 203 is also used as temporary memory in individual
processing executed by the processor 202.
[0025] Next, an operation at the transmitting station 1
in the present embodiment will be described. The data
generation unit 11 of the transmitting station 1 generates
data and stores the generated data in the transmission
buffer 12. The transmission buffer 12 cutputs data to the
encoding unit 13 in an amount of transfer specified by the
control-information receiving section 17 at a time
specified by the control-information receiving section 17.
The specified time is, for example, a time when an

elevation angle between the transmitting station 1 and the
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receiving station 2 to which data is transmitted becomes a
predetermined angle or more. The specified time may be
notified by the control station 4, or may be calculated by
the control unit 171 on the basis of a location of the
receiving station 2 and a location of the control unit 171
itself, that is, a location of a satellite in which the
transmitting station 1 is mounted. In the latter case, the
location of the receiving station 2 to which data is
transmitted is notified by the control station 4. For the
location of the receiving station 2, the location of the
receiving station 2 and identification information on the
receiving stations 2 may be stored in association with each
other in advance in an internal or external memory of the
control unit 171 and the identification information on the
receiving stations 2 may be notified by the control station
4. TFor the location of the satellite, the satellite
generally has a function of calculating its own location,
and can use the location calculated by the function. The
specified amount of transfer is calculated by the control
unit 171 on the basis of an encoding scheme and a
modulation scheme notified by the control station 4.

[(0026] The encoding unit 13 encodes data output from the
transmission buffer 12 by the encoding scheme specified by
the control unit 171 of the control-information receiving
section 17. The encoding scheme includes an encoding type,
a code rate, and a puncture pattern, that is, a rule of
bits to be removed from a data string. The encoding type
indicates a type of a used code such as a convolution code
or an LDPC code. The encoding scheme may be notified by
the control station 4, or the encoding scheme may be
changed in a predetermined change pattern. For example, a
plurality of encoding schemes is previously stored in the

internal or external memory of the control unit 171, and



10

15

20

25

30

CA 03024082 2018-11-13

15
the control unit 171 selects one of the plurality of
encoding schemes in accordance with a predetermined
condition. For example, the control unit 171 may select an
encoding scheme on the basis of its own location and the
location of the receiving station 2. Specifically, for
example, the control unit 171 selects the encoding scheme
in accordance with an elevation angle between the receiving
station 2 and the transmitting station 1. For example,
when the elevation angle is smaller than or equal to a
first value, a first encoding scheme is used. When the
elevation angle is larger than the first value and smaller
than or equal to a second value, a second encoding scheme
is used. When the elevation angle is larger than the
second value, a third encoding scheme is used. The second
value is larger than the first value. The elevation angle
can be calculated on the basis of its own location
described above and the location of the receiving station 2.
[0027] The encoding unit 13 may include, into data,
information on data transmission specified by the control
unit 171 of the control-information receiving section 17,
that is, transmission control information indicating the
encoding scheme, the modulation scheme, and others. This
allows the receiving station 2 to correctly demodulate and
decode the data received from the transmitting station 1
because the receiving station 2 receives the transmission
control information prior to demodulation of the data even
when the enceding scheme and the modulation scheme are
changed from hour to hour.
[0028] The modulation unit 14 modulates the encoded data
output from the encoder 13 by a modulation scheme specified
by the control unit 171 of the control-information
receiving section 17. Like the encoding scheme of the

encoding unit 13 described above, the control station 4 may
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notify the modification scheme, or the controller 171 may
change the modulation scheme in a predetermined change
pattern.

[0029] Specifically, for example, the transmitting
station 1 holds as a change pattern the correspondence
between indices representing an encoding scheme and a
modulation scheme according to reception-quality estimate
values at each elevation angle of the transmitting station
1 at the receiving stations 2, and sets an encoding scheme
and a modulation scheme on the basis of the elevation angle
of the transmitting station 1 at the receiving stations 2
and the change pattern.

[0030] The radio transmitting unit 15 frequency-converts
the data modulated by the modulator 14 to a frequency
specified by the control unit 171 of the control-
information receiving section 17, amplifies the frequency-
converted data, and then transmits this amplified
frequency-converted data as a radio signal through the
transmitting antenna 16. Like the encoding scheme, the
control station 4 may notify the frequency, or the control
unit 171 may change the frequency in a predetermined change
pattern.

{0031] The transmitting antenna 16 emits the signal
input from the radio transmitting unit 15 as a radio signal
in polarization in an irradiation direction, that is, an
orientation direction, the polarization and the direction
being specified by the control unit 171 of the control-
information receiving section 17. Here, the irradiation
direction of the transmitting antenna 16, that is, the beam
central direction may be changed by mechanically changing
the antenna direction. 1In a configuration in which a
phased array antenna is used as the transmitting antenna 16

to form a desired beam by a plurality of radiation elements,
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a change in the beam central direction may be implemented
by changing the phase and amplitude of each element.

[0032] Next, an operation of the contrcl unit 171 of the
control-information receiving section 17 will be described.
FIG. 4 is a flowchart illustrating an example of a control
processing procedure of the control unit 171. FIG. 4
illustrates an example where the control station 4 notifies
the beam irradiation direction, the encoding scheme, the
modulation scheme, and a timing at which data is
transmitted. The control unit 171 determines whether the
control unit 171 has received contreol information, that is,
whether the control information has been input from the
receiving unit 172 (step S101). When the control unit 171
does not receive the control information (No in step S101),
the control unit 171 repeats step S$101. When the control
unit 171 has received the control information (Yes in step
S101), the control unit 171 determines whether the control
information contains information specifying the beam
irradiation direction or not (step S102). It is assumed
that the control information transmitted from the control
station 4 contains identification information indicating,
for example, what type of information is contained, and the
control unit 171 can identify what type of information is
contained on the basis of the identification information.
When the control information contains the information
specifying the beam irradiation direction {Yes in step
5102), the control unit 171 extracts from the control
information the information specifying the beam irradiation
direction, and indicates the irradiation direction to a
transmitting antenna 16 on the basis of the extracted
information (step S103). Note that the information for
specifying the irradiation direction may contain

information specifying the polarization: the information
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contains, in a case of, e.g., circular polarization,
information on the situations where right-handed
polarization is used, where left-handed polarization is
used, and where both of these polarizations are used.
[0033] The control unit 171 determines whether the
control information contains information specifying an
encoding scheme or not (step S104). When the control
information contains the information specifying the
encoding scheme (Yes in step $104), the control unit 171
extracts the information specifying the encoding scheme
from the control information, and indicates to the encoding
unit 13 the encoding scheme on the basis of the extracted
information (step S105).
[0034] The control unit 171 also determines whether the
control information contains information specifying a
modulation scheme or not (step S106). When the control
information contains the information specifying the
modulation scheme (Yes in step S106), the control unit 171
extracts the information specifying the modulation scheme
from the control information, and indicates to the
modulation unit 14 the modulation scheme on the basis of
the extracted information (step S107).
[0035] The control unit 171 also determines whether the
control information contains information specifying a
timing at which to transmit data or not (step S108). When
the control information contains the information specifying
the timing at which to transmit the data (Yes in step 5108),
the control unit 171 extracts the information specifying
the timing at which to transmit the data from the control
information, instructs the transmission buffer 12 to output
data on the basis of the extracted information (step S$109),
and returns to step S101.

[0036] When the control information does not contain the
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information specifying the beam irradiation direction in
step S102 (No in step S102), the control unit 171 proceeds
to step 5104. When the control information does not
contain the information specifying the encoding scheme in
step S104 (No in step S104), the control unit 171 proceeds
to step S106. When the control information does not
contain the information specifying the modulation scheme in
step S106 (No in step S$106), the control unit 171 proceeds
to step S108. When the control information does not
contain the information specifying the timing at which to
transmit the data in step 5108 (No in step S108), the
control unit 171 returns to step S101.
[0037] The above procedure is an example. Step S102 and
step S103, step S104 and step S105, step S106 and step 35107,
and step S108 and step S10° may be changed in order.
Alternatively, step S102 and step S103, step S104 and step
S105, step S106 and step S107, and step $108 and step S109
may be executed in parallel.
[0038] Of the processing executed by the control-
information receiving section 17, the control on the
functional parts related to the data transmission method in
the present embodiment has been described hereinabove. The
control-information receiving section 17 may further
execute processing other than the above-described
processing. FIG. 4 illustrates an example where the
control station 4 notifies the beam irradiation direction,
the encoding scheme, the modulation scheme, and the timing
at which to transmit the data. As described above, the
control unit 171 may determine one or more of the encoding
scheme, the modulation scheme, and the timing at which to
transmit the data. When the control unit 171 determines
one or more items of the beam irradiation direction, the

encoding scheme, the modulation scheme, and the timing at
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which to transmit the data, the control unit 171 performs
processing to determine each of the items by the above-
described method in place of the processing corresponding
to these items in the flowchart in FIG. 4. When the
control station 4 notifies the frequency for frequency
conversion at the radio transmitter 15, the control unit
171 extracts information specifying a frequency from the
received control information, like the encoding scheme,
modulation scheme, and timing at which to transmit the data
in FIG. 4, and indicates to the radio transmitting unit 15
the frequency on the basis of the extracted information.
[0039] FIG. 5 is a diagram illustrating a configuration
example of the receiving station 2 in the present
embodiment. The receiving station 2 in the present
embodiment includes a receiving antenna 21, a radio
receiving unit 22, a demodulation unit 23, a decoding unit
24, a reception buffer 25, and a control-information
receiving section 26. The receiving antenna 21 receives
radio signals transmitted from the transmitting station 1.
The radio signal receiving unit 22 converts a received
radio signal into an electric signal and outputs this
electric signal. The demodulation unit 23 demodulates the
electric signal output from the radic receiving unit 22.
The decoding unit 24 decodes the signal demodulated by the
demodulation unit 23 and stores the decoded data in the
reception buffer 25. The control-information receiving
section 26 receives the control information from the
control unit 4, and controls the operations of parts
constituting the receiving station 2. A receiving unit 262
of the control-information receiving section 26 receives
the control information from the control station 4 and
inputs the received control information to a control unit

261. The control unit 261 controls the operations of the
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respective parts of the receiving station 2 on the basis of
the contreol information input from the receiving unit 261.
[0040] The parts illustrated in FIG. 5 can each be
implemented as hardware such as an individual device or
circuit. The radio receiving unit 22 is a receiver
including an analog-to-digital converter circuit and others,
the demodulation unit 23 is a demodulator or a modem, the
decoding unit 24 is a decoder, the reception buffer 25 is a
memory, the receiving unit 262 of the control-information
receiving section 26 is a receiver, and the control unit
261 of the control-information receiving section 26 is a
processing circuit for controlling the respective parts.
The above respective parts may be configured as individual
circuits or devices, or a plurality of functional parts may
be configured as a single circuit or device.
[0041] The demodulation unit 23, the decoding unit 24,
and the control unit 261 may be dedicated hardware, or may
be a control circuit including a memory and a CPU that
executes programs stored in the memory. When the
demodulation unit 23, the decoding unit 24, and the control
unit 261 are implemented as dedicated hardware, these are,
for example, a single circuit, a combined circuit, a
programmed processor, a parallel-programmed processor, an
ASIC, an FPGA, or a combination thereof.
[0042] When the demodulation unit 23, the decoding unit
24, and the control unit 261 are implemented by a control
circuit including a CPU, the control circuit is, for
example, the control circuit 200 of the configuration
illustrated in FIG. 3. When the demodulation unit 23, the
decoding unit 24, and the control unit 261 are implemented
by the control circuit 200 illustrated in FIG. 3, they are
implemented by the processor 202 reading and executing the

program stored in memory 203 and corresponding to
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individual processing of each part.
[0043] Next, the operation of the receiving station 2
will be described. The receiving antenna 21 of the
receiving station 2 receives radio signals emitted by the
transmitting antenna 16 of the transmitting station 1. The
receiving antenna 21 can change its orientation direction
and the polarization, and is oriented in a directiocn
specified by the control-information receiving section 26.
An orientation direction of the receiving antenna 21 is
notified by the control station 4. However, when the
receiving station 2 is specified by the control station 4
as being a non-reception target, the control-information
receiving section 26 may instruct the receiving antenna 21
to stop receiving signals from the transmitting station 1.
[0044] The radio receiving unit 22 converts a signal
received by the receiving antenna 21 to a signal of a
frequency specified by the control-information receiving
section 26, and subsequently converts the signal of this
frequency into an electric signal and outputs this
electrical signal. The demodulation unit 23 demodulates
the electric signal output from the radio receiving unit 22
by a demodulation scheme specified by the control-
information receiving section 26. The selection of the
demodulaticn scheme is notified by the control station 4
such that the selected demodulation scheme corresponds to
the modulation scheme used by the modulation unit 14 of the
transmitting station 1, or the demodulation scheme is
changed in a predetermined change pattern. When the
demodulation scheme is changed in the predetermined change
pattern, the change pattern should correspond to the
predetermined change pattern set at the transmitting
station 1. That is, the change pattern is set such that

the moment when the transmitting station 1 changes the
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modulation scheme is the same as the moment when the
receiving station 2 changes the demodulation scheme.
[0045] When data transmitted by the transmitting station
1 contains transmission control information indicating the
modulation scheme, the encoding scheme, and others, the
demodulation unit 23 may extract the transmission control
information from the electric signal to perform the
demodulation by the demodulation scheme corresponding to
the modulation scheme contained in the transmission control
information. The demodulation unit 23 may calculate the
reception quality of a received signal that is an electric
signal, as well as performing the demodulation.
Specifically, for example, the demodulation unit 23
calculates a signal-to-interference and noise power ratio
(SINR), using known data contained in a received signal.
When the control station 4 is notified of the .reception
quality measured by the demodulation unit 23, the control
station 4 can select the modulation scheme and the encoding
scheme according to the most recent reception quality. The
selection of the modulation scheme and the encoding scheme
is described hereinafter.
[00406] The decoding unit 24 decodes the data demodulated
by the demodulation unit 23, by the decoding scheme
specified by the control-information receiving section 26,
and stores the decoded data in the reception buffer 25.
Like the demodulation scheme at the demodulation unit 23,
the selection of the decoding scheme is specified by the
control station 4, or the decoding scheme is changed in a
predetermined change pattern, or the selection of the
decoding scheme follows information contained in the
transmission control information. The decoding scheme
should be the decoding scheme corresponding to the encoding

scheme at the transmitting station 1. Decoded data output



10

15

20

25

30

CA 03024082 2018-11-13

24

by the decoding unit 24 may be a hard-decision value or a
soft-decision value. The decoding unit 24 stores, in the
reception buffer 25, a reception result indicating that the
decoding is succeeded or failed together with the decoded
data. The success or failure in the decoding can be
determined, for example, by decoding a CRC {cyclic
redundancy check) code as the encoding unit 13 of the
transmitting station 1 performs the encoding that is not
only error-correction coding with an LDPC or the like but
also error-detection coding with the CRC or the like.

[0047] The reception buffer 25 holds the decoded data
and the reception result received from the decoder 24, and
outputs the held decoded data and reception result to the
central station 3 at a desired timing. The central station
3 and the receiving stations 2-1 and 2-2 are connected by
dedicated lines or the like, and the data can be output
from the reception buffer 25 to the central station 3.
[(0048] Next, the operation of the control unit 261 of
the control-information receiving section 26 will be
described. FIG. 6 is a flowchart illustrating an example
of a control processing procedure of the control unit 261.
FIG. 6 illustrates an example where the control station 4
notifies an orientation direction of the receiving antenna,
a decoding scheme, a demodulation scheme, and information
indicating to the receiving station 2 whether the receiving
station 2 is a reception target station or not. The
control unit 261 determines whether the control unit 261
has received the control information, that is, whether the
control information has been input from the receiving unit
262 or not {(step S111). When the control unit 261 does not
receive the control information (No in step S111), the
control unit 261 repeats step S111. When the control unit

261 has received the control information (Yes in step S111),



10

15

20

25

30

CA 03024082 2018-11-13

25

the control unit 261 determines whether the control
information contains information specifying an orientation
direction of the receiving antenna or not (step S112).

When the control information contains the information
specifying the orientation direction of the receiving
antenna (Yes in step S112), the control unit 261 extracts
the information specifying the orientation direction of the
receiving antenna from the control information, and
indicates to the receiving antenna 21 the orientation
direction on the basis of the extracted information (step
5113).

[0049] The control unit 261 determines whether the
control information contains information specifying a
decoding scheme or not (step $114). When the control
information contains the information specifying the
decoding scheme (Yes in step S114), the control unit 261
extracts the information specifying the decoding scheme
from the control information, and indicates to the decoding
unit 24 the decoding scheme on the basis of the extracted
information (step S115).

[0050] The control unit 261 also determines whether the
control information contains information specifying a
demodulation scheme or not (step S116). When the control
information contains the information specifying the
demodulation scheme (Yes in step S116), the control unit
261 extracts the information specifying the demodulation
scheme from the contrel information, and indicates to the
demodulation unit 23 the demodulation scheme on the basis
of the extracted information (step S117).

[0051] The contrel unit 261 also determines whether or
not the control information contains information indicating
that its station is not a target station that receives data

(step S118). When the control information contains the
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informaticon indicating that its station is not the target
station that receives the data (Yes in step S118), the
control unit 261 instructs the receiving antenna 21 to stop
reception (step S119), and returns to step S111.

[0052] When the control information does not contain the
information specifying the orientation direction of the
receiving antenna in step S112 (No in step S$112), the
control unit 261 proceeds to step S114. When the control
information does not contain the information specifying the
decoding scheme in step S114 (No in step S114), the control
unit 261 proceeds to step S116. When the control
information does not contain the information specifying the
demodulation scheme in step S116 (No in step $116), the
control unit 261 proceeds to step S118. When the control
information deces not contain the information indicating
that its station is not the target station that receives
the data in step 5118 (No in step S$118), the control unit
261 returns to step S111.

[0053] The above procedure is an example. Like the
processing procedure illustrated in FIG. 4, the order of
the steps may be changed, or a control unit 261 may
determine one or more of the demodulation scheme, the
decoding scheme, and others. Furthermore, information
specifying an orientation direction may contain the
information specifying the polarization: the information
contains, in a case of, e.g., circular polarization,
information indicating any one of the situations where: the
right-handed polarization is used; the left-handed
polarization is used; and the both of these polarizations
are used.

[0054] FIG. 7 is a diagram illustrating a configuration
example of the central station 3 in the present embodiment.

The central station 3 in the present embodiment includes
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reception buffers 31-1 to 31-n, a data selector 32, a data

reproducer 33, and a control-information transmission-

reception section 34. The reference character “n” is an
integer greater than or equal to two. The reception
buffers 31-1 to 31-n store the decoded data and the
reception results output from the receiving stations 2-1 to
2-n, respectively. The data selector 32 manages
duplication or missing of the data received from the
receiving stations 2-1 to 2-n to output continuous received
data to the data reproducer 33.

[0055] The data reproducer 33 reproduces the data output
from the data selector 32 as application data such as
images. The control-information transmission-reception
section 34 transmits and receives the control information
to and from the control station 4, and controls the
operation of the data selector 32. A transmission-
reception unit 342 of the control-information transmission-
reception section 34 receives the control information from
the control station 4 and inputs the received control
information to a control unit 341, and transmits control
information generated by the contreol unit 341 to the
control station 4. The control unit 341 grasps reception-
target receiving stations 2 that are to be reception
targets, on the basis of the control information input from
the transmission-reception unit 342, and notifies the data
selector 32 of the receiving stations 2 that are to be the
reception targets. When the missing of data is detected by
the data selector 32, the control unit 341 generates
control information containing information indicating the
missing data, and outputs the generated control information
to the transmitter-receiver 342.

[0056] The parts illustrated in FIG. 7 can each be

implemented as hardware such as an individual device or
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circuit. The reception buffers 31-1 to 31-n are memories,
the data selector 32, the data reproducer 33, and the
control unit 341 are processing circuits, and the
transmission-reception unit 342 is a transmitter and a
receiver. The above respective parts may be configured as
individual circuits or devices, or a plurality of
functional parts may be configured as a single circuit or
device.

{0057] The data selector 32, the data reproducer 33, and
the control unit 341 may be dedicated hardware, or may be a
control circuit including a memory and a CPU that executes
programs stored in the memory. When the data selector 32,
the data reproducer 33, and the control unit 341 are
implemented as the dedicated hardware, these are, for
example, a single circuit, a combined circuit, a programmed
processor, a parallel-programmed processocr, an ASIC, an
FPGA, or a combination thereof.

[{0058] When the data selector 32, the data reproducer 33,
and the control unit 341 are implemented by a control
circuit including a CPU, the control circuit is, for
example, the control circuit 200 of the configuration
illustrated in FIG. 3. When the data selector 32, the data
reproducer 33, and the control unit 341 are implemented by
the control circuit 200 illustrated in FIG. 3, they are
implemented by the processor 202 reading and executing the
program stored in the memory 203 and corresponding to
individual processing of each part.

{0059] Next, the operation of the central station 3 will
be described. The reception buffers 31-1 to 31-n of the
central station 3 store the decoded data and the reception
results output from the receiving stations 2-1 to 2-n. The
data selector 32 reads the decoded data held in the

reception buffers 31-1 to 31-n, manages duplication and
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missing of the decoded data, and selectively reads the
decoded data stored in the reception buffers 31-1 to 31-n
to thereby provide a continuous data string. Here, it is
assumed, for example, that data generated by the data
generation unit 11 of the transmitting station 1 is framed,
and the data generation unit 11 adds a sequence number to
each frame. Further, it is assumed that the encoding unit
13 encodes data frame by frame, including a sequence number.
In this case, decoded data is generated frame by frame, and
each decoded piece of data contains a sequence number. In
such a case, pieces of the decoded data stored in the
reception buffers 31-1 to 31-n are arranged by the data
selector 32 in the correct order on the basis of the
sequence numbers. When the pieces of decoded data are
duplicates, that is, when there is a plurality of pieces of
decoded data of the same sequence number, all the pieces of
decoded data can be recognized as the same data if it has
been determined from the reception results that all of the
pieces of the decoded data are correctly decoded. Thus,
any one of the pieces of data can be selected by a desired
method. In this case, on the basis of the receiving
stations 2 that are to be the reception targets notified by
the control unit 341, the data selector 32 may select data
from the decoded data stored in the reception buffers 31-1
to 31-n corresponding to the receiving stations 2 that are
the reception targets.
[0060] If the data selector 32 discards the decoded data
that has not been received correctly using the above-
described reception results, the data selector 32 does not
use the decoded data of an incorrect sequence number, and
thus can prevent its malfunctions. Further, the data
selector 32 may perform the sorting of data in addition to

the selection of data. For example, even when reversal of
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a data order occurs due to a router existing between each
receiving station 2 and the central station 3, the data
selector 32 performs the sorting of data in accordance with
sequence numbers, thereby generating a continuous data
string.

[0061] When the data selector 32 detects the missing of
data, it may notify the control unit 341 of the missing
sequence number, and the control unit 341 may generate
control information containing information indicating the
missing sequence number and notify the generated control
information to the control station 4 through the
transmission-reception unit 342. In this case, the control
station 4 can instruct the transmitting station 1 to
retransmit the missing data. This can achieve highly
reliable transmission. Further, if the control unit 341
includes in control information, identification information
on a receiving station 2 that is a source of decoded data
corresponding to a missing sequence number, the control
station 4 can detect reception failure for each receiving
station 2. Thus, when the control station 4 is notified of
the reception failure at a receiving station 2 a threshold
number of times or more, the control station 4 can
determine that the receiving station 2 is in an abnormal
state, and remove this receiving station from reception
target candidates.

[0062] When the decoding unit 24 of the receiving
stations 2 output soft-decision values as decoded data, the
data selector 32 can weight duplicate signals received from
two receiving stations 2, by reliability information, and
then perform vector synthesis, data determination, and
decoding. For example, for signals received from two
receiving stations, the two signals are weighted by a ratio

in received signal quality and synthesized, so that the
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synthesized signal can have increased signal components of
good received signal quality, that is, of high data
reliability. 1In this case, as compared to the case where
pieces of data from a plurality of receiving stations are
synthesized by selecting one of pieces of data that are
duplicates as described above, the reliability of received
signals can be increased, and thus an error rate after
decoding can be reduced.

[0063] The data reproducer 33 reproduces a continuous
data string output from the data selector 32, into
application data such as images.

[0064] FIG. 8 is a diagram illustrating a configuration
example of the control station 4 in the present embodiment.
The control station 4 in the present embodiment includes a
recepticn-quality estimating unit 41, a beam control unit
42, a code modulation control unit 43, a control-
information transmission-reception section 44, and a
location management unit 45.

[0065] A reception-quality estimating unit 41 estimates
a reception quality at the time when the receiving station
2 receives a signal transmitted by the transmitting station
1 and a reception quality at the time when the receiving
station 8 receives a signal transmitted by the transmitting
station 1. That is, the reception-quality estimating unit
41 calculates a reception-quality estimate value that is an
estimated value of a received signal quality in the
recelving station 2, which receives the signal transmitted
from the transmitting antenna 16 of the transmitting
station 1 and an interference amount that is an
interference amount estimated value in the receiving
station 8, that is, an estimated value of an interference
amount. On the basis of the reception gquality and the

interference amount estimated by the reception-quality
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estimating unit 41, the beam control unit 42 selects the
beam irradiation direction of the transmitting station 1,
the receiving station 2 to be a station which receives
signals transmitted from the transmitting station 1, and
the orientation direction of the beam of the receiving
station 2. That is, the beam control unit 42 determines
the orientation direction of the transmitting antenna 16 of
the transmitting station 1 and an orientation direction of
a receiving antenna 21 of the receiving station 2 on the
basis of the reception-quality estimate value and the
interference amount.
[0066] A code modulation control unit 43 is a determiner
that determines an encoding scheme and a modulation scheme
to be used in communication between the transmitting
station 1 and the receiving stations 2. A control-
information transmission-reception section 44 transmits and
receives control information to and from the transmitting
station 1, the receiving stations 2, and the central
station 3. A transmitting unit 442 of the control-
information transmission-reception section 44 transmits the
control information as radio signals to the transmitting
station 1. A location management unit 45 calculates the
location of the satellite in which the transmitting station
1 is mounted. The location management unit 45 may employ
any method in calculating the location of the satellite,
and, for example, calculates the position of the satellite
by orbit determination or orbit propagation calculation.
[0067] A transmission-reception unit 443 of the control-
information transmission-reception section 44 transmits and
receives the control information to and from the receiving
stations 2 and to and from the central station 3. The
control unit 441 generates the control information

containing the irradiation direction of the beam selected
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by the beam control unit 42 and an encoding scheme and a
modulation scheme selected by the code modulation control
unit 43, and outputs the generated control information to
the transmitting unit 442. The control unit 441 also
generates the control information to notify the receiving
stations 2 of an encoding scheme and a modulation scheme
selected by the code modulation control unit 43, and
outputs the generated control information to the
transmission-reception unit 443. Alternatively, the
control unit 441 generates the control information to
notify the receiving stations 2 of a decoding scheme and a
demodulation scheme corresponding to the encoding scheme
and the modulation scheme selected by the code modulation
control unit 43, and outputs the generated control
information to the transmission-reception unit 443.

[0068] Herein described is an example where the control
station 4 notifies the transmitting station 1 of the
encoding scheme and the modulation scheme, and notifies the
receiving stations 2 of the decoding scheme and the
demodulation scheme, but this is not limiting. As
described above, the control station 4 may change the
encoding scheme and the modulation scheme in a
predetermined change pattern, and the receiving stations 2
may change the decoding scheme and the demodulation scheme
in a predetermined change pattern. When the control unit
441 of the control-information transmission-reception
section 44 receives the control information containing the
information indicating missing data from the central
station 3 through the transmission-reception unit 443, the
control unit 441 generates control information for an
instruction to retransmit the missing data and outputs the
generated control information to the transmitting unit 442.

[0069] The control unit 441 may generate control
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information containing information indicating receiving
stations 2 that are to be target stations that receive
signals transmitted by the transmitting station 1, and
notify the central station 3 of the generated control
information through the transmission-reception unit 443.
When the receiving stations 2 measure and transmit the
received signal quality as the control information, the
control unit 441 notifies the reception-quality estimating
unit 41 of the received signal quality contained in the
control information received through the transmission-
reception unit 443. Then, the reception-quality estimating
unit 41 may correct the estimate values of the received
signal quality, on the basis of the notified received
signal quality. For example, when the difference between
the notified received signal quality and the estimate value
of the received signal gquality is greater than or equal to
a predetermined threshold, the average value of these two
1s set as a corrected received signal quality estimate
value, which is close to an actual propagation path
condition.
[0070] The parts illustrated in FIG. 8 can each be
implemented as hardware such as an individual device or
circuit. The reception-quality estimating unit 41, the
beam control unit 42, the code modulation control unit 43,
the location management unit 45, and the control unit 441
are processing circuits, the transmission-reception unit
443 is a transmitter and a receiver, and the transmitting
unit 442 is a radio transmitter. The above respective
parts may be configured as individual circuits or devices,
or a plurality of functional parts may be configured as a
single circuit or device.
[0071] The reception-quality estimating unit 41, the

beam control unit 42, the code modulation control unit 43,
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the location management unit 45, and the control unit 441
may be dedicated hardware, or may be a control circuit
including a memory and a CPU that executes programs stored
in the memory. When the reception-quality estimating unit
41, the beam control unit 42, the code modulation control
unit 43, the location management unit 45, and the control
unit 441 are implemented as the dedicated hardware, these
are, for example, a single circuit, a combined circuit, a
programmed processor, a parallel-programmed processor, an
ASIC, an FPGA, or a combination thereof.

[0072] When the reception-quality estimating unit 41,
the beam control unit 42, the code modulation control unit
43, the location management unit 45, and the control unit
441 are implemented by a control circuit including a CPU,
the control circuit is, for example, the control circuit
200 of the configuration illustrated in FIG. 3. When the
reception-quality estimating unit 41, the beam control unit
42, the code modulation control unit 43, the location
management unit 45, and the control unit 441 are
implemented by the control circuit 200 illustrated in FIG.
3, they are implemented by the processor 202 reading and
executing the program stored in the memory 203 and
corresponding to individual processing of each part.

[0073] Site diversity in the data transmission system in
the present embodiment will be described hereinbelow. The
site diversity in the data transmissien system in the
present embodiment is a method for reducing the probability
of occurrence of rain attenuation by using a plurality of
receliving stations, as described in Non Patent Literature 1
described above. It is assumed that when the availability
rate provided in performing the site diversity by using two
receiving stations 2 is 90%, the availability rate at each

recelving station 2 is 80%, for example. The availability
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rate indicates an hour rate at which the amount of rain
attenuation is smaller than a threshold at the receiving
station 2. For example, when the site diversity is
performed using the two receiving stations 2 one of which
is in rain and provides the amount of rain attenuation
larger than or equal to the threshold, the effect of rain
attenuation can be avoided by using data received at the
other receiving station 2 if the other receiving station 2
is under the clear sky. Thus, the availability rate
provided when the site diversity is performed is higher
than the availability rate provided when a single receiving
station is used.

[0074] FIG. 9 is a graph schematically representing the
relationship between the availability rate and the amount
of rain attenuation. Numerical values in the figure show
an example, and the actual availability rate and the actual
amount of rain attenuation are not limited to the numerical
values in the figure. According to FIG. 9, the amount of
rain attenuation to be estimated in channel design at an
availability rate of 80% is -20 dB. On the other hand,
according to FIG. 9, the amount of rain attenuation to be
estimated in channel design at an availability rate of 90%
is =30 dB. That is, when the site diversity is performed,
the amount of rain attenuation to be estimated can be
reduced by 10 dB, as ccmpared to the case where a single
receiving station receives signals. This increases an
estimate value of reception quality. Typically, the higher
the estimate value of reception quality is, the higher the
modulation level and the code rate can be set. Thus, when
the site diversity is performed, the modulation level and
the code rate can be set higher than when a single
receiving station receives signals, thus improving the

throughput.
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[0075] On the other hand, when the freguency band for
data transmission rises, the beam pattern of a beam formed
by a transmitting antenna with the same antenna diameter
becomes narrow in range. Thus, it is required to control
the orientation direction of the beam such that the beam is
emitted to a plurality of receiving stations performing
site diversity. When the orbit of the satellite in which
the transmitting station 1 is mounted is not a stationary
orbit, the ground position of the sub-satellite point
changes. 1In particular, when the transmitting station 1 is
mounted in a polar orbiting satellite such as one in a
synchronous sub-recurrent orbit, the latitude and longitude
of the sub-satellite point greatly change, and the
elevation angle of the satellite as viewed from the ground
stations greatly changes.
[0076] FIG. 10 is a diagram illustrating an example of a
change in the footprint of a beam of the transmitting
station 1 mounted in a polar orbiting satellite such as one
in a synchronous sub-recurrent orbit. The left side in FIG.
10 illustrates a center 102 of a beam and a footprint 103,
the beam being formed by the transmitting antenna 16 when a
satellite 101 in which the transmitting station 1 is
mounted passes along a first orbit. In the example
illustrated in FIG. 10, four receiving stations 2-1 to 2-4
installed on the Earth 100 are illustrated. The right side
in FIG. 10 illustrates a center 105 of a beam and a
footprint 106, the beam being formed by the transmitting
antenna 16 when the satellite 101 in which the transmitting
station 1 is mounted passes along a second orbit. The
first orbit and the second orbit show orbits at different
times when the same satellite circles in a synchronous sub-
recurrent orbit or the like.

[0077] Referring to FIG. 10, even when the orientation
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direction of the beam from the transmitting antenna 16 of
the transmitting station 1 as illustrated on the right side
of FIG. 10 is once set such that the beam is emitted to the
receiving stations 2-2 and 2-4 for performing the site
diversity, the two receiving stations for performing the
site diversity can fail to be appropriately irradiated with
the beam, as illustrated on the left side of FIG. 10, due
to changes in the latitude and longitude of the sub-
satellite point and a change in the elevation angle of the
satellite as viewed from the ground stations described
above. 1In a case where the receiving station 8 of the
second radio communication system using the same frequency
as the first radio communication system is positioned
within a range of the beam emitted by the transmitting
station 1, the interference amount to the receiving station
8 may be increased.
[0078] To address that problem, in the present
embodiment, the contreol station 4 calculates the received
signal quality at the receiving station 2 and the
interference amount (the evaluated value of the
interference amount) at the receiving station 8, and
calculates an evaluation value on the basis of the
interference amount, such that the control station 4
selects the receiving station 2 to be a station that
receives signals, selects the beam irradiation direction,
and selects the antenna orientation direction of the
receiving station 2. As a result, the received signal
quality at the plurality of the receiving stations for
performing the site diversity can be maintained at a
desired value or more, thus improving throughput.
Furthermore, the interference amount relative to the
receiving station 8 can be maintained at equal to or less

than a desired value, and deterioration in throughput of



10

15

20

25

30

CA 03024082 2018-11-13

39
the other radio communication systems can be prevented.
[0079] Next, an operation of the control station 4 in
the present embodiment will be described. A discussion is
made hereinbelow as to an example where the control station
4 determines a beam irradiation direction, that is, a beam
orientation direction of the transmitting station 1, a
combination of the receiving stations 2 that receive radio
signals transmitted from the transmitting station 1 and
perform the site diversity, a modulation scheme, an
encoding scheme, the antenna orientation direction of the
receiving station 2, etc.
[0080] FIG. 11 is a flowchart illustrating an example of
a beam determination processing procedure at the beam
control unit 42. As illustrated in FIG. 11, first, the
beam control unit 42 starts a loop for all beam search
candidates (step S1). 1In this loop, when the reference
character “i” is a variable used for identifying a beam
search candidate, i=1, 2,..., N; is a condition of the loop.
In the loop for the beam search candidate, the variable i
is set to 1, 2,..., Ni, in turn, and processing terminating
at step S13 is repeatedly performed for each i. N;i is the
total number of beam search candidates, and can be set to a
desired value. Here, the beam search candidate is defined
as a point of the center of the beam of the transmitting
antenna 16 of the transmitting station 1, the point being
projected onto the ground surface and expressed by, for
example, the latitude and the longitude. A point of the
center of the beam of the transmitting antenna 16 of the
transmitting station 1, which point is projected onto the
ground surface and expressed by the latitude and the
longitude, is hereinafter referred to as a beam center
coordinate. Each beam center coordinate candidate is

associated with i. For example, when the range for



10

15

20

25

30

CA 03024082 2018-11-13

40
searching the beam center coordinate is set to 10 degree in
each of the latitude and the longitude and the beam center
coordinate candidates are set in increments of 0.1 degree,
the number of beam center coordinate candidates amounts to
ten thousand. In this case, the total number of the beam
search candidates, that is, the total number N; of the beam
center coordinate candidates is 10000, and the condition of
the loop started in step S1 is i=1, 2,..., 10000.
[0081] When the variable i is set in the loop for the
beam search candidate, that is, the beam center coordinate
candidate of the transmitting antenna is determined, the
beam control unit 42 calculates an interference amount I{(i)
relative to the receiving station 8 in a case where the
beam is emitted around the beam center coordinate defining
the center (step S2). Here, the interference amount may be
the number of receiving stations 8 at which interference
power is less than an allowable value, or may be a ratio of
the number of receiving stations 8 at which the
interference power is less than the allowable wvalue, to the
total number of receiving stations 8. In any case, the
interference amount I(i) is an index that has less effect
on the receiving station 8 as I(i) increases. Furthermore,
the allowable value of the interference power may be a
combination of a threshold of the interference power and a
threshold of time. For example, in a case where the
interference power continuously exceeds a threshold of x
watts for a threshold of y hours, the interference power
may be determined to exceed the allowable value. Note that,
the interference power can be calculated on the basis of
the location of the transmitting station 1, transmission
power of the transmitting station 1, the antenna
orientation direction of the transmitting station 1, a beam

pattern of the transmitting station 1, the location of the
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receiving station 8, the antenna orientation direction of
the receiving station 8, and a beam pattern of the
receiving station 8. For example, in a case where the
antenna orientation direction of the transmitting station 1
and the antenna orientation direction of the receiving
station 8 substantially face to each other, the
interference power increases. It is assumed that the
location management unit 45 of the control station 4
identifies the position of, the antenna orientation
direction of, and the beam pattern of the receiving station
8. Specifically, the interference power can be calculated
by a method of calculating the reception-quality estimate
value of the transmitting station 1, as will be described
later, without considering the rain attenuation amount and
using a parameter regarding the receiving station 8 instead
of a parameter regarding the receiving station 2.
[0082] Next, the beam control unit 42 starts a loop for
receiving station groups (step S2). In this loop, where j
is a variable used for identifying a receiving-station
group, j = 1, 2, ..., Nj is a condition of the loop. Nj is
the total number of the receiving-station groups. Here,
the receiving-station group means a group of receiving
stations 2 that receive the same data from the transmitting
station 1 at the same time. For example, the receiving-
station group is a group of receiving stations 2 that
receive the same data from the transmitting station 1 at
the same time for the site diversity. In the present
embodiment, described is an example of determining the
group of receiving stations 2 that receive the same data
from the transmitting station 1 at the same time for the
site diversity. However, the purpose of using the group of
receiving stations 2 that receive the same data from the

transmitting station 1 at the same time is not limited to
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the site diversity. The correspondence between “j” that is
a variable representing a receiving-station group, and the
receiving stations 2 is predetermined and held in internal
or external memory of the beam control unit 42 using a
table or the like. The numbers of receiving-station groups
and the identification information on the receiving
stations 2 are associated in such a manner that, for
example, the first (j = 1) receiving-station group
corresponds to the receiving station 2-1 and the receiving
station 2-2, and the second (j = 2} receiving-station group
corresponds to the receiving station 2-1 and the receiving
station 2-3.
[0083] The maximum value Nj of j can be expressed by the
following formula (1) where n is the number of the
receiving stations 2, and C represents a combination. 1In
the following formula (1), when the desired reception
guality can be ensured by a single receiving station 2, the
single receiving station 2 may constitute the receiving-
station group. When the number of the receiving stations
constituting the receiving-station group is set to two or
more, the last term on the right side of the following
formula (1) should be deleted. When the upper limit of the
nurnber of the receiving stations 2 constituting the
receiving-station group is specified, the upper limit wvalue
of the number of the receiving stations 2 can be used as
the number of the receiving stations 2 in the following

formula (1) in place of “n”.

Nj = nCn + nCn-1 + ... nCl ... (1)
[0084] Next, the beam control unit 42 starts a loop for
the receiving stations 2 (step S4). In this loop, where k

is a variable used for identifying the receiving station 2,
k=1, 2, ..., Nk is a condition of the loop. Nk is the

total number of the receiving stations 2 in the receiving-
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station group. The reference character “k” is assigned in
descending order of numbers in such a manner that, for
example, the receiving station 2 with the lowest
identification information in the receiving-station group
is set to k = 1, and one with the second lowest
identification information is set to k = 2. For example,
when jJ = 1 and the first receiving-station group is formed
of the receiving station 2-1 and the receiving station 2-2,
and the pieces of identification information on the
receiving station 2-1 and the receiving station 2-2 are “2-

1” and “2-2”, respectively, the receiving station 2-1

I

corresponds to k 1, and the receiving station 2-2
corresponds to k = 2. When j = 2 and the second receiving-
station group is formed of the receiving station 2-1 and
the receiving station 2-3, and the pieces of identification
information on the receiving station 2-1 and the receiving

station 2-3 are “2-1” and “2-3”, respectively, the

receiving station 2-1 corresponds to k = 1, and the
receiving station 2-3 corresponds to k = 2.
[0085] Next, the beam control unit 42 indicates i, 7J,

and k to the reception-quality estimating unit 41, and
instructs the reception-quality estimating unit 41 to
calculate a reception-quality estimate value CN(i, j, k)
(step S5). The reception-quality estimating unit 41
calculates the reception-quality estimate value CN{i, 3j, k),
and notifies the reception-quality estimate value CN(i, j,
k) to the beam control unit 42. CN(i, Jj, k) represents the
reception-quality estimate value at the kth receiving
station 2 in the Jjth receiving-station group when the ith
beam search candidate is selected and the jth receiving-
station group is selected. A method of calculating the
reception-quality estimate value will be described later.

[0086] Next, the beam control unit 42 determines whether
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CN(i, j, k) is smaller than Cm(i, Jj) or not (step S6).
Cm(i, j) is a value that is a minimum reception- quality
estimate value when the ith beam search candidate is
selected and the jth receiving-station group is selected.
The initial value of Cm(i, j) is set at a value larger than
an expected minimum reception-quality estimate value. For
example, the initial value of Cm(i, j) is set to a value
larger than the average value of expected reception-quality
estimate values. When CN(i, j, k) is smaller than Cm(i, 3J)
(Yes in step S6), the beam control unit 42 sets Cm(i, J) =
CN(i, Jj, k) (step S7), and proceeds to step S8. When CN(i,
j, k) is not smaller than Cm(i, j) (No in step S6é), the
beam control unit 42 proceeds to step S8.
[0087] In step S8, in a case where the loop of the
receiving station is not terminated, that is, k=Nx is not
satisfied, the beam control unit 42 returns to step S3, and
when the loop of the receiving station is terminated, the
procedure proceeds to step S9.
[0088] In step S9, the beam control unit 42 calculates
an evaluation value Q(i, Jj) by using the interference
amount and the reception-quality estimate value (step S9).
Specifically, the beam control unit 42 may perform
calculation defined as Q(i, Jj)=ox(I(i))+BxCn(i, Jj) by using
weighting coefficients o and B. In this case, setting o to
1 and B to zero achieves an effect of minimizing the
interference. Similarly, setting o to zero and B to 1
provides an effect of maximizing the reception-quality
estimate value. The weighting coefficients o and P can be
determined in advance based on, for example, a
communication quality required for the receiving station 8
of the second communication system and a communication
quality required for the receiving station 2. Furthermore,

the weighting coefficients o and B may be changed.
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[0089] Next, the beam control unit 42 determines whether
the evaluation value Q(i, j) is larger than Q ref (step
S10). The value Q ref indicates the maximum value of the
evaluation value in the combination of the beam and the
receiving station calculated so far, and an initial value
of Q ref is set to a value smaller than a possible maximum
evaluation value. In a case where Q(i, Jj) is larger than

Q ref (Yes in step S510), the beam control unit 42 sets that
Q ref=Q(i, j) (step S11) and proceeds to step S12. In a
case where Q(i, j) is not larger than Q ref (No in step
510), the procedure proceeds to step S12.

[0090] In step S12, in a case where the loop of the
receiving-station group is not terminated, that is, j=Nj is
not satisfied, the beam control unit 42 returns to step S3,
and in a case where the loop of the receiving-station group
is terminated, the procedure proceeds to step S13. In step
S13, in a case where the loop for the beam search candidate
is not terminated, that is, i=N; is not satisfied, the beam
control unit 42 returns to step S1, and in a case where the
loop for the beam search candidate is terminated, the
processing is completed.

[0091] According to the above processing, when the
processing is completed, the receiving-station group and
the beam center candidate that maximizes the evaluation
value are selected.

[0092] Next, the calculation of the reception-quality
estimate value in step S5 will be described. FIG. 12 is a
flowchart illustrating an example of a processing procedure
of calculating the reception-quality estimate value in the
present embodiment. FIG. 12 is an example, and the
procedure of calculating the reception quality estimate
value is not limited to the example in FIG. 12. As

illustrated in FIG. 12, the reception-guality estimating
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unit 41 reads a transmission power Pt of the transmitting
station 1 previously stored in the internal or external
memory of the reception-guality estimating unit 41 (step
S21). The transmitting station 1 may be configured such
that the transmission power Pt can be changed.

[0083] Next, the reception-guality estimating unit 41
calculates a transmitting antenna gain G¢ of the
transmitting station 1, on the basis of the location of the
transmitting station 1, the location of the receiving
station 2, an antenna orientation direction of the
transmitting station 1 corresponding to the ith beam search
candidate, and a beam pattern of the transmitting station 1
(step 522). Specifically, for example, the reception-
gquality estimating unit 41 calculates the transmitting
antenna gain Gt as follows. Here, the beam pattern
represents the transmitting antenna gain according to an
angle from the center of the beam. The beam pattern is
previously held in an internal or external memory of the
beam control unit 42. The reception-gquality estimating
unit 41 acquires the location of the transmitting station 1
from the location management unit 45. The location of the
receiving station 2 is previously stored in the internal or
external memory of the reception-quality estimating unit 41.
Then, the reception-quality estimating unit 41 calculates
an angle © between a beam center 30l‘and a vector 302
directed from the transmitting station 1 toward the
receiving station 2 when the orientation direction of the
transmitting antenna 16 is set such that the direction from
the location of the transmitting station 1 to the beam
center coordinates corresponding to the beam search
candidate is the beam center. FIG. 13 is a diagram for
explaining the angle 6 between the beam center and the

vector directed from the transmitting station 1 mounted on
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the satellite 101 toward the receiving station 2. In FIG.
13, a beam center coordinate 107 is a coordinate of the
beam center corresponding to the beam search candidate.
FIG. 13 schematically describes a beam pattern 300
centering the transmitting station 1. It is noted that the
beam pattern 300 does not represent an emitted beam itself.
The reception-gquality estimating unit 41 calculates the
tfansmitting antenna gain G¢ corresponding to “8”, using
the beam pattern.
[0094] Next, the reception-quality estimating unit 41
calculates the amount of rain attenuation Lr when the
receiving station 2 belonging to the jth receiving-station
group performs the site diversity (step $23). Here, the
amount of rain attenuation is calculated on the assumption
that the receiving station 2 belonging to the jth
receiving-station group performs the site diversity. The
reception-gquality estimating unit 41 calculates the amount
of rain attenuation, for example, the amount of rain
attenuation Lr provided when the site diversity is
performed. As described in, for example, Non Patent
Literature 1, the reception-quality estimating unit 41
calculates a joint rain attenuation amount estimate value
when the site diversity is performed, from a target
availability rate and the probability that all the
receiving stations 2 performing the site diversity have a
desired amount of rain attenuation or more simultaneously.
Then, the amount of rain attenuation at the single
receiving station corresponding to the joint rain
attenuation amount estimate value is designated at
reference character Lr. That is, “Lr” can be defined as
the amount of rain attenuation at the single receiving
station corresponding to the joint rain attenuation amount

estimate value that is calculated from the target
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availability rate and the probability that one or more
receiving stations simultaneously receiving the data
transmitted from the transmitting station 1 simultaneously
have the desired amount of rain attenuation or more. When
the site diversity is not applied, it is only necessary to
calculate the amount of rain attenuation at the single
receiving station 2.
[0095] Next, the reception-quality estimating unit 41
calculates the amount of distance attenuation Ld on the
basis of the distance between the transmitting station 1
and the receiving station 2 (step S24). The distance
between the transmitting station 1 and the receiving
station 2 can be calculated on the basis of the location of
the transmitting station 1 and the location of the
receiving station 2 described above. For example, the
reception-quality estimating unit 41 determines the amount
of distance attenuation 1.d as a free space propagation loss.
However, when there is an obstacle on a straight line
between the transmitting station 1 and the receiving
station 2, for example, when the receiving station 2 is
disposed on a mountain or the like, a loss due to the
obstacle is taken into consideration.
[00%6] Next, the reception-gquality estimating unit 41
calculates the receiving antenna gain G:r on the basis of an
antenna diameter of the receiving station 2 (step S25). It
is assumed that the antenna diameters of the individual
receiving stations 2 be stored in the internal or external
memory of the reception-quality estimating unit 41. Unlike
the transmitting antenna gain described above, the
receiving antenna 21 is controlled so as to be continuously
oriented toward the transmitting station; thus, the
receiving antenna 21 has less effect of the reduction in

the gain caused by an angle difference than the
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transmitting antenna 16. Therefore, it is preferable that
the angle between the direction of the transmitting station
1 and the antenna center be set to a predetermined fixed
value including a design error and the like.
[0097] Next, the reception-quality estimating unit 41
calculates interfered power Li (step S26). The interfered
power L; is a value indicating deterioration in the
reception quality caused by the interference by the signal
transmitted from the transmitting station 7 at the
receiving station 2 and corresponds to a reciprocal of the
power from the transmitting station 7 received by the
receiving station 2. The interfered power L; can be
calculated on the basis of the location of the transmitting
station 7, the transmission power of the transmitting
station 7, the antenna orientation direction of the
transmitting station 7, the beam pattern of the
transmitting station 7, the location of the receiving
station 2, the antenna orientation direction of the
receiving station 2, and the beam pattern of the receiving
station 2. When the plurality of transmitting stations 7
is provided, the reception-quality estimating unit 41
calculates a total sum of the interference powers from all
the transmitting stations 7 as the interfered power Li.
[0098] The antenna orientation direction of the
receiving station 2 is determined so that the interference
power from the transmitting station 7 decreases, that is,
so that the reception-quality estimate wvalue increases.
FIG. 14 is a diagram for explaining the antenna orientation
direction of the receiving station 2. In FIG. 14, it is
assumed that the receiving antenna 21 of the receiving
station 2 be oriented toward the transmitting station 1.
In a case where the receiving antenna 21 of the receiving

station 2 is oriented toward the transmitting station 1 as
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illustrated in FIG. 14, a beam angle to the transmitting
station 7 at the receiving station 2, that is, an angle
between the orientation center of the receiving station 2
and the direction of the transmitting station 7 is B1.
Whereas, when the receiving antenna 21 of the receiving
station 2 is inclined by 62 in the direction away from the
transmitting station 7, the interference power from the
transmitting station 7 can be reduced. For example, the
reception-quality estimating unit 41 calculates the
interference power from the transmitting station 7 by
increasing the angle 8z of the inclination of the receiving
antenna 21 of the receiving station 2 in increments of a
certain amount, such that the reception-quality estimating
unit 41 determines the antenna orientation direction of the
receiving station 2 by using the angle ©; at which the
interference power from the transmitting station 7 is equal
to or less than the threshold. The contreocl unit 261 cof the
receiving station 2 controls the receiving antenna 21 on
the basis of the antenna orientation direction received
from the control station 4.
[0099] Next, the reception-quality estimating unit 41
calculates Pt+Ge+LrtLatGe+Li, defines the calculated value as
the reception-quality estimate value (step S27), and
completes the processing. In the above processing, the
reception-quality estimating unit 41 calculates the
reception-quality estimate value on the basis of all of:
the transmission power of the transmitting station 1; the
transmitting antenna gain of the transmitting station 1;
the receiving antenna gain of the receiving station 2; the
rain attenuation amount at the receiving station 2; and the
distance attenuation at the receiving station. However,
the reception-quality estimate value may be calculated on

the basis of at least one of these values. Here, it is
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assumed that Py, G¢, Lr, L4, Gr, and L; described above are
calculated in decibels.

[0100] FIG. 15 is a diagram illustrating an example of
the beam irradiation direction of the transmitting station
1 determined by the processing explained with reference to
FIGS. 11 and 12. 1In the example of FIG. 15, the
orientation method of the receiving antenna 21 at the
receiving station 2 is similar to the orientation method in
the example illustrated in FIG. 14. 1In the example
illustrated in FIG. 15, the receiving antenna of the
receiving station 2 is further inclined by 62 from 6i. 1In
FIG. 15, in a case where the transmitting antenna 16 of the
transmitting station 1 is oriented toward the receiving
station 2, that is, where the beam irradiation direction is
the direction to the receiving station 2, an angle between
the receiving station 8 and the beam irradiation direction
of the transmitting antenna 16 of the transmitting station
1 as viewed from the transmitting station 1 is ©3. Since
the single receiving station 2 is provided in FIG. 15, the
received signal quality at the receiving station 2 is
generally the highest when the transmitting antenna 16 of
the transmitting station 1 is oriented toward the receiving
station 2. On the other hand, when the processing
explained with reference to FIGS. 11 and 12 is performed
with o > 0, the interference amount relative to the
receiving station 8 is considered. Therefore, the beam
irradiation direction of the transmitting station 1 is a
direction 500. When the beam irradiation direction of the
transmitting station 1 is the direction 500, an angle
between the receiving station 8 and the beam irradiation
direction of the transmitting antenna 16 of the
transmitting station 1 as viewed from the transmitting

station 1 is increased by 61 as compared with the angle
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between the receiving station 8 and the beam irradiation
direction that is the direction to the receiving station 2.
Therefore, the interference to the receiving station 8 1is
reduced. Although FIG. 15 illustrates the example in which
the single receiving station 2 is provided, an example in
which a plurality of receiving stations 2 is provided
achieves the similar result to the example of FIG. 15.
Namely, the interference to the receiving station 8 can be
reduced as compared with the interference provided when o
is equal to zero (o=0), that is, when only the received
signal gqualities of the plurality of receiving stations 2
are considered.
[0101] Note that the processing described above is
performed based on the assumption that the first radio
communication system 401 and the second radio communication
system 402 illustrated in FIG. 1 use the same frequency or
the same polarization. However, in a case where the first
radio communication system 401 can use a frequency or
polarization different from that of the second radio
communication system 402, selection processing for
selecting at least one of the frequency and the
pclarization may be added to the processing described above.
[0102] FIG. 16 is a diagram illustrating an example of
the selection of the frequency. It is assumed that a radio
transmitting unit 15 of the transmitting station 1 can
perform communication using a frequency fi1 and a frequency
f;. In the example illustrated in FIG. 16, on the basis of
the frequency used by the second radio communication system
402, the beam control unit 42 of the control station 4
selects the freguency to be used by the transmitting
station 1. BAs a result, the radio transmitting unit 15
transmits data with the freguency determined on the basis

of the frequency used by the other radio communication
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system. Specifically, the beam control unit 42 of the

control station 4 selects the frequency used by the
transmitting station 1, in accordance with the frequency
used by the other radio communication system and whether an
angle between the direction viewed from the transmitting
station 1 to the receiving station 2 and the direction
viewed from the transmitting station 1 to the receiving
station 8 is equal to or less than the threshold. 1In the
example illustrated in FIG. 16, it is assumed that the
second radio communication system 402 perform communication
by using the frequency fi. For the transmitting station 1
illustrated on the right side of FIG. 16, the angle between
the direction viewed from the transmitting station 1 to the
receiving station 2 and the direction viewed from the
transmitting station 1 to the receiving station 8 is equal
to or less than the threshold, and the beam control unit 42
of the control station 4 selects the frequency f; different
from the frequency of the second radio communication system
402, as the frequency used by the transmitting station 1.
For the transmitting station 1 illustrated on the left side
of FIG. 16, both the frequency fi1 and the frequency f: are
selected as the frequency used by the transmitting station
1.

[0103] Instead of determining whether the angle between
the direction viewed from the transmitting station 1 to the
receiving station 2 and the direction viewed from the
transmitting station 1 to the receiving station 8 is equal
to or less than the threshold, a loop of a frequency is
additionally set outside the processing illustrated in FIG.
11. In this loop, three cases are set, i.e., a case where
both the frequency fi and the frequency f; are used, a case
where the frequency f; is used, and a case where the

frequency f» is used. As a result, a combination having
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the highest evaluation value can be selected from among
combinations including setting of the frequency. In this
case, both the frequency fi1 and the frequency f: should be
selected when the received signal quality is equal to or
higher than a certain value.
[0104] FIG. 17 is a diagram illustrating an example of
selection of the polarization. It is assumed that the
radio transmitting unit 15 of the transmitting station 1
can perform communication by using right-handed
polarization and left-handed polarization. In the example
illustrated in FIG. 17, the beam control unit 42 of the
control station 4 selects the polarization used by the
transmitting station 1 on the basis of the polarization
used by the second radio communication system 402. As a
result, the radio transmitting unit 15 transmits data with
the polarization determined on the basis of the
polarization used by the other radio communication system.
In the example illustrated in FIG. 17, similarly to the
case of the frequency illustrated in FIG. 16, the beam
control unit 42 of the control station 4 selects the
polarization used by the transmitting station 1 in
accordance with whether the angle between the direction
viewed from the transmitting station 1 to the receiving
station 2 and the direction viewed from the transmitting
station 1 to the receiving station 8 is equal to or less
than the threshold. In the example illustrated in FIG. 17,
it is assumed that the second radio communication system
402 perform communication by using the right-handed
polarization. For the transmitting station 1 illustrated
on the right side of FIG. 17, the angle between the
direction viewed from the transmitting station 1 to the
receiving station 2 and the direction viewed from the

transmitting station 1 to the receiving station 8 is equal
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to or less than the threshold. The beam control unit 42 of
the control station 4 selects the left-handed polarization
different from the polarization used by the second radio
communication system 402, as the polarization used by the
transmitting station 1. For the transmitting station 1
illustrated on the left side of FIG. 17, both the left-
handed polarization and the right-handed polarization are
selected as the polarizations used by the transmitting
station 1. In this case, similar to the example of the
frequency, instead of determining whether the angle between
the direction viewed from the transmitting station 1 to the
receiving station 2 and the direction viewed from the
transmitting station 1 to the receiving station 8 is equal
to or less than the threshold, a loop of the polarization
may be additionally set outside the processing illustrated
in FIG. 11 and three cases may be set in this loop, i.e., a
case where both the left-handed polarization and the right-
handed polarization are used, a case where the left-handed
polarization is used, and a case where the right-handed
polarization is used.
[0105] Furthermore, in a case where the transmitting
antenna 16 of the transmitting station 1 and the receiving
antenna 21 of the receiving station 2 are antennas having
an asymmetric beam pattern such as an elliptical antenna,
the loop of the beam pattern may be set outside the
processing illustrated in FIG. 11 in addition to the
antenna orientation direction and the beam control unit 42
of the contrecl station 4 may select the beam pattern.
[0106] When the receiving-station group and the beam
center candidate are selected by the above-described method,
the high received signal quality can be ensured even when
the location of the satellite changes. FIG. 18 is a

diagram illustrating an example cf the footprint of a beam
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when the selection of the receiving-station group and the
beam center candidate in the first embodiment is performed.
A first orbit and a second orbit in FIG. 18 are identical
to those in the example illustrated in FIG. 10. The left
side in FIG. 18 illustrates the same state as that on the
left side in FIG. 10. The right side in FIG. 18
illustrates an example where the satellite 101 in which the
transmitting station 1 is mounted moves in the second orbit.
In FIG. 18, a beam center 108 is located between the
receiving station 2-3 and the receiving station 2-4, and a
footprint 109 covers the receiving station 2-3 and the
receiving station 2-4. Thus, in the present embodiment,
the receiving stations 2 and a beam irradiation direction
can be selected in correspondence to the location of the
satellite, so that the high reception-quality estimate
values can be maintained even when the location of the
satellite changes.

[0107] When the demodulation unit 23 of the receiving
station 2 measures the reception quality as described above,
the control station 4 may receive the reception quality
from the receiving station 2 to correct the reception-
quality estimate value calculated by the above-described
processing, using the received reception quality.

[0108] The beam control unit 42 determines the
orientation direction of the receiving antenna 21 of each
of the receiving stations 2 belonging to the selected
receiving-station group candidate. The beam control unit
42 notifies the control unit 441 of the determined
orientation direction of the receiving antenna 21 of the
receiving station 2, together with identification
information on the receiving station 2. The control unit
441 stores in the control information the orientation

direction of the receiving antenna 21 received from the
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beam control unit 42 and instructs the transmission-
reception unit 443 to transmit the control information to
the receiving station 2 that is the destination.
Furthermore, on the basis of the result of the selection of
the beam and the receiving-station group, the beam control
unit 42 calculates the beam irradiation direction
corresponding to the selected beam center candidate and
notifies the control unit 441 of the beam irradiation
direction. The control unit 441 generates the control
information containing the beam irradiation direction, and
instructs the transmitting unit 442 to transmit the control
information to the transmitting station 1. On the basis of
the result of the selection of the beam and the receiving-
station group, the beam contrel unit 42 instructs the
control unit 441 to transmit to the receiving stations not
belonging to the selected receiving-station group, the
control information containing information indicating that
these receiving stations are not the reception target
stations. On the basis of the instruction, the control
unit 441 generates the control information containing the
information indicating that those receiving stations are
not the reception target stations, and instructs the
transmission-reception unit 443 to transmit the control
information to the receiving stations not belonging to the
selected receiving-station group. On the basis of the
result of the selection of the beam and the receiving-group,
the beam control unit 42 notifies the code modulation
control unit 43 of the receiving stations 2 belonging to
the selected receiving-station group candidate.
[0109] The code modulation control unit 43 reads from
the memory of the reception-quality estimating unit 41 the
reception-quality estimate values associated with the

receiving stations 2 notified by the beam control unit 42.
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It is noted that the reception-quality estimating unit 41
temporarily holds all the reception-quality estimate values
calculated in step S5 in the internal memory, and at the
completion of the processing illustrated in FIG. 11, the
reception-quality estimating unit 41 holds in the internal
memory the reception-quality estimate value of each
receiving station in the receiving-station group
corresponding to the receiving-station group and the beam
center candidate that are selected finally. On the basis
of the read reception-quality estimate values, the code
modulation control unit 43 determines the encoding scheme
and the modulation scheme to satisfy a desired error rate.
Specifically, since a low reception-quality estimate wvalue
leads to a high error rate, when the reception-quality
estimate values are low, the code modulation control unit
43 selects the encoding scheme of a low code rate, and
selects the modulation scheme of a low modulation level.
For example, the reception-quality estimate values are
divided into a plurality of stages, a combination of the
encoding scheme and the modulation scheme satisfying the
desired error rate is predetermined for each stage, and the
encoding scheme and the modulation scheme at each stage are
held as a table. On the basis of the table and the read
reception-quality estimate value, the code modulation
control unit 43 selects the encoding scheme and the
modulation scheme.
[0110] The code modulation control unit 43 notifies the
control-information transmission-reception section 44 of
the encoding scheme and the modulation scheme. The
control-information transmission-reception section 44
generates the control information containing the encoding
scheme and the modulation scheme, and notifies the

transmitting station 1 and the receiving stations 2 of the
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generated control information. The encoding scheme and the
modulation scheme may be notified by a single piece of the
control information, or may be notified as different pieces
of the control information each containing the encoding
scheme and the modulation scheme.
[0111] Where the beam pattern is variable when the
reception-quality estimating unit 41 calculates the
transmitting antenna gain Gt, the transmitting antenna gain
Gt may be calculated for each cf a plurality of beam
pattern candidates. For example, an asymmetrical beam
pattern such as an ellipse is included, the transmitting
antenna gain Gt is calculated for the beam patterns when
the antenna is rotated. For a configuration in which a
phase and an amplitude are changed like a phased array
antenna, the phase and amplitude candidates may be
determined for calculation for the beam pattern at that
time. In the processing in FIG. 11, a loop for the beam
patterns is added. When the beam pattern is changed as
described above, the control station 4 can notify the
transmitting station 1 of the beam pattern in addition to
the beam irradiation direction.
(0112] In the above description, the control station 4
determines the beam irradiation direction and the
receiving-station group for each transmitting station, on
the basis of the interference power and the reception-
quality estimate value. However, the present invention is
not limited to this, and the transmitting station 1 may
determine the beam irradiation direction and the receiving-
station group for each transmitting station, on the basis
of the interference power and the reception-quality
estimate value.
[0113] As described above, in the present embodiment, in

the data transmission system in which the transmitting
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station 1 transmits data to the central station 3 via the
receiving station 2, the control station 4 estimates the
interference power to the other radio communication system,
estimates the reception-quality estimate wvalue in
consideration of the interfered power from the other radio
communication system, and determines the beam irradiation
direction and the receiving-station group for each
transmitting station, on the basis of the interference
power and the reception-quality estimate value. Therefore,
even in a case where different radio communication systems
concurrently use the same frequency or the same
polarization, the transmitting station can transmit data
while suppressing the interference to the other radio
communication system below a certain value.
[0114] The configurations illustrated in the above
embodiments illustrate an example of the subject matter of
the present invention, and can be combined with another
known art, and can be partly omitted or changed without

departing from the scope of the present invention.

Reference Signs List

[0115] 1, 7 transmitting station; 2, 2-1 to 2-4, 8
receiving station; 3 central station; 4 control station;
11, 51 data generation unit; 12 transmission buffer; 13
encoding unit; 14 modulation unit; 15 radio transmitting
unit; 16 transmitting antenna; 17, 26 control-information
receiving section; 21 receiving antenna; 22 radio
receiving unit; 23 demodulation unit; 24 decoding unit;
25, 31-1 to 31-n reception buffer; 32 data selector; 33
data reproducer; 34, 44 control-information transmission-
reception section; 41 reception-quality estimating unit;
42 Dbeam control unit; 43 code modulation control unit;

171, 261, 441 control unit; 172, 262 receiving unit; 442
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transmitting unit; 443 transmission-reception unit.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A transmitting station comprising:

a transmitting antenna capable of changing an orientation
direction thereof;

a control unit to control the orientation direction of the
transmitting antenna, the orientation direction of the
transmitting antenna being determined by a control station based
on estimated values of received signal quality at receiving
stations that are candidates for receiving data transmitted from
the transmitting antenna and an estimated value of an
interference amount caused by reception of the data in another
radio communication system; and

a receiving unit to receive, from the control station,
information indicating the orientation direction of the
transmitting antenna determined on the basis of the estimated
values of the received signal quality and the estimated values
of an interference amount calculated by the control station,
wherein

the control unit controls the orientation direction of the
transmitting antenna on the basis of the information received

from the control station.

2. The transmitting station according to c¢laim 1, further
comprising:

a radio transmitting unit to transmit the data at a
frequency determined on the basis of a frequency used in the

other radio communication system.

3. The transmitting station according to claim 1, further

CA 3024082 2019-11-26
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comprising:
a radio transmitting unit to transmit the data with
polarization determined on the basis of polarization used in

the other radio communication system.

4. A control station for controlling a transmitting station as
defined in any one of claims 1 to 3, the control station
comprising:

a reception-quality estimating unit to calculate
reception-quality estimate values and an interference amount
estimated value, the reception-quality estimate values being
estimated values of received signal quality at receiving
stations which are candidates for receiving data transmitted
from a transmitting antenna of the transmitting station, the
interference amount estimated value being an estimated value of
an interference amount caused by reception of the data in
another radio communication system;

a beam control unit to determine an orientation direction
of the transmitting antenna on the basis of the reception
quality estimate values and the interference amount estimated
value; and

a transmitting unit to transmit, to the transmitting
station, the orientation direction of the transmitting antenna

determined by the beam control unit.

5. The control station according to claim 4, wherein the beam
control unit calculates an evaluation value and determines, on
the basis of the evaluation value, the orientation direction of
the transmitting antenna and the receiving station that receives
the data, the evaluation value being a sum of a first value and

a second value, the first value being obtained by multiplying

CA 3024082 2019-11-26
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each of the reception-quality estimate values by a weighting
coefficient, the second value being obtained by multiplying the

interference amount estimated value by a weighting coefficient.

6. The control station according to claim 4 or 5, wherein the
beam control unit selects a frequency that is to be used by the
transmitting station, on the basis of a frequency used by the

other radio communication system.

7. The control station according to claim 4 or 5, wherein the
beam control unit selects polarization that is to be used by
the transmitting station, on the basis of polarization used by

the other radio communication system.

8. A receiving station for receiving data from a transmitting
station using a receiving antenna, the

transmitting station as defined in any one of claims 1 to 3,
the receiving station comprising:

the receiving antenna, the receiving antenna having a
changeable orientation direction thereof;

a control unit to control the orientation direction of the
receiving antenna, the orientation direction of the receiving
antenna being selected based on an interference amount at the
receiving station from another radio communication system; and

a receiving unit to receive, from a control station, the
orientation direction of the receiving antenna determined by
the control station, wherein

the control unit controls the orientation direction of the
receiving antenna on the basis of the orientation direction of

the receiving antenna received from the control station.

CA 3024082 2019-11-26
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9. A data transmission system comprising:

the transmitting station as defined in any one of claims
1 to 3;

the control station as defined in claims 4 or 7; and

the receiving station as defined in claim 8.

10. A data transmission method of a data transmission system
including a transmitting station including a transmitting
antenna, a receiving station capable of receiving data
transmitted from the transmitting antenna, and a control
station, the method comprising:

calculating, by the control station, reception-quality
estimate values and an interference amount estimated value, the
reception-quality estimate values being estimated value of
received signal quality at receiving stations which candidates
for receiving data transmitted from the transmitting antenna,
the interference amount estimated value being an estimated value
of an interference amount caused by the reception of the data
in another radio communication system;

determining, by the control station, an orientation
direction of the transmitting antenna and the receiving station
that receives the data transmitted from the transmitting
antenna, on the basis of the reception-quality estimate wvalues
and the interference amount estimated value;

transmitting, by the control station, the determined
orientation direction of the transmitting antenna to the
transmitting station; and

controlling, by the transmitting station, the orientation
direction of the transmitting antenna, on the basis of the
orientation direction of the transmitting antenna received from

the control station.

CA 3024082 2019-11-26
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11. A control circuit for a transmitting station having a
transmitting antenna capable of changing an orientation
direction thereof, the control circuit comprising:

a control unit to control the orientation direction of the
transmitting antenna, the orientation direction of the
transmitting antenna being determined by a control station
based on estimated values of received signal quality at
receiving stations that are candidates for receiving data
transmitted from the transmitting antenna and an estimated value
of an interference amount caused by reception of the data in
another radio communication system; and

a receiving unit to receive, from the control station,
information indicating the orientation direction of the
transmitting antenna determined on the basis of the estimated
values of the received signal quality and the estimated values
of an interference amount calculated by the control station,
wherein

the control unit controls the orientation direction of the
transmitting antenna on the basis of the information received

from the control station.

12. A computer program product comprising a computer readable
memory storing computer executable instructions thereon that
when executed by a computer perform:

controlling a changeable orientation direction of a
transmitting antenna of a transmitting station, the orientation
direction of the transmitting antenna being determined by a
control station based on estimated wvalues of received signal
quality at receiving stations that are candidates for receiving

data transmitted from the transmitting antenna and an estimated

CA 3024082 2019-11-26
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value of an interference amount caused by reception of the data
in another radio communication system; and

receiving, from the control station, information
indicating the orientation direction of the transmitting
antenna determined on the basis of the estimated values of the
received signal quality and the estimated values of an
interference amount calculated by the control station,
wherein

the orientation direction of the transmitting antenna 1is
controlled on the basis of the information received from the

control station.

CA 3024082 2019-11-26
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