Office de la Propriete Canadian CA 2884728 C 2016/09/13

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 884 728
Findustie Canada Industry Ganada 12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2013/08/07 (51) Cl.Int./Int.Cl. HO4B 7/185 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2014/03/20 (72) Inventeur/Inventor:

MOTOYOSHI, KATSUYUKI, JP

(73) Propriéetaire/Owner:
MITSUBISHI ELECTRIC CORPORATION, JP

(74) Agent: MARKS & CLERK

(45) Date de delivrance/lssue Date: 2016/09/13

(85) Entree phase nationale/National Entry: 2015/03/12

(86) N° demande PCT/PCT Application No.: JP 2013/071395
(87) N° publication PCT/PCT Publication No.: 2014/041932
(30) Priorité/Priority: 2012/09/14 (JP2012-202892)

(54) Titre : DISPOSITIF DE RELAIS, DISPOSITIF DE RELAIS PAR SATELLITES, ET PROCEDE DE RELAIS PAR SATELLITES
(54) Title: RELAY DEVICE, SATELLITE RELAY DEVICE, AND SATELLITE RELAY METHOD

1-1 101 .

5-1 5 7-1 8-1 0-1 w01 N4/
RF RECEP- AD QUADRA- DEMUL- MUL- QUADRA-
TURE DIA RF
N UNIT N UNIT UNIT SIONUNIT | | SION UNIT
TION UNIT
1-2 11-2
§-2 9-2 10-2 "
RF RECEP- AD QUADRA- DEMUL- - QUADRA-
TURE Ml DfA RF
TION CONVER- TIPLEXING - TIPLEXING L CONVER- _
DETECTON MODULA- ER TRANSMIS
UNIT SION UNIT
UNIT UNIT UNIT rioNuniT | | SIONUNIT SION UNIT
SWITCH 11-3
5-3 UNIT 7.3 8-3
RF RECEP- A/D QUADRA- DEMUL- MUL- WUADRA- D/A
TION CONVER- TURE TIPLEXING - - TIPLEXING TURE
DETECTON MODULA- CONVER- TRANSMIS-
UNIT SION UNIT
UNIT UNIT UNIT ToNUrtr | | SIONUNIT [ | SION UNIT
54
DEMUL- MUL-
TIPLEXING | : - TIPLEXING
UNIT UNIT
CONTROL
UNIT
12 13 14
VirgiTos BUFFER MODULA-
ONIT UNIT TING UNIT
102
(57) Abrege/Abstract:

A relay device Includes first demultiplexing units that demultiplex reception signals into demultiplexed signals in a narrower band,
first and second multiplexing units that multiplex input signals to generate multiplexed signals, transmission antennas that transmit
the multiplexed signals generated by the multiplexing units, a regenerative relay unit that modulates an information sequence
obtained by carrying out demodulation processing to the multiplexed signal generated by the second multiplexing unit to generate a
modulated signal, a second demultiplexing unit that demultiplexes the modulated signal into a demultiplexed signal in a band
narrower than the band of the reception signal, and a switch unit that inputs the demultiplexed signals demultiplexed by the first
demultiplexing units to the multiplexing units and inputs the demultiplexed signal demultiplexed by the second demultiplexing unit to

the first multiplexing units.
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ABSTRACT

A relay device includes first demultiplexing units

that demultiplex reception signals 1nto demultiplexed

signals in a narrower band, first and second multiplexing

units that multiplex input signals to generate multiplexed

signals, transmission antennas that transmit the

multiplexed signals generated by the multiplexing units, a

regenerative relay unit that modulates an information

sequence obtained by carrying out demodulation processing

to the multiplexed signal generated by the second

multiplexing unit to generate a modulated signal, a second
demultiplexing unit that demultiplexes the modulated signal

into a demultiplexed signal 1in a band narrower than the

band of the reception signal, and a switch unit that inputs

the demultiplexed signals demultiplexed by the first
demultiplexing units to the multiplexing unilits and i1nputs
the demultiplexed signal demultiplexed by the second

demultiplexing unit to the first multiplexing units.
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DESCRIPTION

RELAY DEVICE, SATELLITE RELAY DEVICE, AND SATELLITE RELAY
METHOD

Field

[00C1] The present invention relates to a relay device,

a satellite relay device, and a satellite relay method.

Background

10C002] A conventional satellite on-bcard regenerative
relay exchange performs regenerative relay per sub-channels
demultiplexed by a channelizer and 1s configured to be
specialized for regenerative relay of the same service such
as sound communication {(see, for example, Non Patent

Literature 1).

Citation List

Non Patent Literature

{00031 Non Patent Literature 1: Hashimoto, "The on-board
Processor for a Veice Communication Switching,”

Communication Research Labcratory Seascnal Report Vol. 49

Nos. 3/4 pp. 73-81, 2003

Summary

Technical Problem

[0004] However, because the conventional satellite on-
bocard regenerative relay exchange 1s configured to be
speciallzed for regenerative relay of the same service such
as sound communication, there is a problem in that, in a
relay satellite expected to house z variety of terminals

different in transmissicn and reception performance such &

"

a multi-beam satellite, mixed relay of regenerative relay
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and non-regenerative relay cannot be realized in a form not

depending on band occupancy and freguency allocation of
radio signals transmitted and received by the respective
terminals.

{0005] The present invention has been devised in view of
Che above and it i1s an object of the present invention to
obtain a relay device, a satellite relay device, and a
satellite relay method that can realize mixed relav of a
regenerative relay signal and a non-regenerative relay

signal.

Soluticn to Prcblem

[0000] In order to solve the aforementioned problems, a
relay device according to one aspect of the present
invention includes: a first demultiplexing unit that
demuitiplexes a reception signal to generate a
demultiplexed signal in a band narrower than a band of the
reception signal; first and second multiplexing units that
multiplex input signals to generate multiplexed signals; a
transmission antenna that transmits the multiplexed signal
generated by the first multiplexing unit; a regenerative
reiay unit that carries out demodulation processing on the
muitiplexed signal generated by the second multiplexing
unit and modulates an information seguence obtained by the
demodulation processing to generate a modulated signal; a
second demultiplexing unit that demultiplexes the modulated
signal to generate a demultiplexed sigral in a band
narrower than the band of the reception signal; and a
switch unit that inputs the demultiplexed signal generated
by the first demultiplexing unit to the first multiplexing

unit or the second multiplexing unit and inputs the

demultiplexed signal generated by the second demultiplexing

unit to the first multiplexing unit.
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Advantageous Effects of Invention

10007 ] According to the present invention, there is an

effect that it is possible to realize mixed relay of a

regenerative relay signal and a ncon-regenerative relay

signal in a multi-beam communication satellite.

Brief Description of Drawings

100081 FIG. 1 1s a diagram of a functional configuration

example of a satellite relay device in a first embodiment.
FIG. 2 1s a diagram of an example of a signal

processing process in the satellite relay device in the

first embodiment.

FIG. 3 1s a diagram of a functional configuration

example of a satellite relay device in & second embodiment.

7]

!

¥1G. 4 1s a diagram of an example of a signal
processing process in the satellite relay device in the

second embodiment.

Description of Embodiments

L0009 Embodiments of a relay device, a satellite relay

device, and a satellite relay method according to the

pregsent invention are explained in detail below with
reference to the drawings. Note that the present invention
1s not limited by the embodiments.

(0010] First Embodiment.

FIG. 1 1s a diagram of a functional configuration
example of a first embodiment of a satellite relay device
according to the present invention. As shown in FIG. 1, in
this embodiment, the satellite relay device includes
reception antennas 1-1 to 1-3, RF [(Radio Freguency)

reception units 2-1 tec 2-3, A/D (Analog/Digital} conversion
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units 3-1 to 3-3, gquadrature detection units 4-1 to 4-3,
demultiplexing units 5~1 to 5~4, a switch unit 6,
/-1 tc 7-4, gquadrature modulation units
tal/Analcg) conversion units 9-1 to 9-
3, RF transmission units 10-1 to 10-3, transmission
antennas 1li-1 to 11-3, & demodulating unit 12, a buffer
unit 13, a modulating unit 14, and a control unit 103.
(G011} The demultiplexing units 5-1 to 5-4, the switch
unit ©, and the multiplexing units 7-1 to 7-4 configure a
channelizer 101. The demcdulating unit 12, the buffer unit
13, and the modulating unit 14 configure a regenerative
relay unit 10Z2.
"001Z] The satellite relay device in this embodiment is
a relay device mocunted on, for example, an artificial

|

eceilves an RF signal
1

()

(

t
—
L
T
s

satellite and is a devi

wh

Cransmitted from a terminal or the like and relays the
signal to a destination terminal or the like. Note that
the satellite relay device is explained as an example.
However, the present 1nventlicon is also applicabkle to relay
devices other than the satellite relay device.

(0013} Cperaticons in this embodiment are explained. The

RE¥ reception units 2-1 connected to reception antennas 1-i

(

I

=1, 2, and 3) carry out analog signal processing such as

§

ilter processing, amplification processing, and frequency
conversion processing on RE signals (reception signals)

received by the reception antennas 1-i to thereby convert

-

the RF signals into IF (Intermediate Freguency) signals.
(0014] The A/D conversion units 3-i sample the IF
signals output from the RF reception units 2-i into digital

signals. The demultiplexing units 5-i (first

cemultiplexing units) subdivide (demultiplex) the digital
signals into a plurality of bands (sub-channels) and output

sub-channel signals in a band narrower than a band of the



20

25

CA 028847728 2015-03-12

input digital signals. The demultiplexing unit 5-4 (a

second demultiplexing unit) connected to the regenerative

relay unit 102 instead of a reception antenna also
subdivides an input signal 1nto a plurality of bands {sub-
channels) like the other demultiplexing units 5-1 to 5-3.
(0015} The demultiplexing units 5-1 to 5-4 respectively
output a subdivided plurality of demultiplexed wave signals
(sub-channel signals) to the switch unit 6. The switch
unit © routes the sub-channel signals, which are input from
the demultiplexing units 5~1 to 5~4, to desired sub-channel
bands of desired multiplexing units 7-1 tc 7-4 on the basis

of an instruction of the control unit 103.

10016} Output signals of the multiplexing units 7-1 to

7-3 (first multiplexing units] are respectively connected

to systems of the transmission antennas 11-1 to 11-3

,..

nereinafter referred to as non-regenerative relay systems).

-

On the other hand, the multiplexing unit 7-4 {(a second
multiplexing unit) i1s connected to the regenerative relay
unit 102, which 1is a regenerative relay system. In this
way, the demultipliexing units having different systems of

connection destinations on output sides are connected to

the switch unit 6. However, there is no difference in

2

forms of the sub-channels signals, which are demultiplexing

unlit interfaces from the viewpceint of the switch unit 6.

-

Therefore, in asscciation {(routing) of an input sub-channel

and an outpuf sub-channel in the switch unit 6, it is
unnecessary to particularliy consider a difference between
the regenerative relay system (including the demultiplexing
unit 5-4 and the multipiexing unit 7-4) and the non-
regenerative relay system {including the demultiplexing
units 5-1 to 5-3 and the multiplexing units 7-1 to 7-3).
10017 The multiplexing units 7-1 to 7-4 arrange a

plurality cof sub-channel signals output from the switch
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unit ¢ on freqguency axes, combine the sub-channel signalis
into signals in a band wider than the sub-channels, and
output the signals. The output signals of the multiplexing
units 7-7 {(3=1, 2, and 3) are input to the guadrature
modulation units 8-3j. The quadrature modulation units 8-
convert the input signals into digital IF signals and
cutput the digital IF signals to the D/A conversion units
3-3. The D/A conversion units 9-j convert the digital IF
signal into analog signals and output the analog signals to
the RF transmission units 10-j. The RF transmission units
10-73 carry out analog signal preccessing for tne input
analog signals, convert the analog signals 1nto RFE signals,
and transmit the RF signals from the transmission antennas
11-7.

(0018] On the other hand, tThe output signal of the

multiplexing unit 7-4 is inpuf Lo the regenerativ

4
H
(D

retay

(D

unit 102. In the regenerative relay unit 102, th
demodulating unit 12 applies demodulaticn processing to a
regenerative relay line signal included in the output

signal from the multiplexing unit 7-4, Affer being once

stored in the buffer unit 13, a demodulation result of the
demodulation processing is input to the modulating unit 14

at desired transmission timing. The transmission timing 1s

controlled by the control unit 103. Error correction

decoding processing can be included 1n the cdemodulation

processing of the demodulating unit 1Z2. The modulating

unit 14 modulates the input signal and outputs the signal

=]

to the demultiplexing unit 5-4.

rror correction encoding

processing may pbe included in the modulation processing.
The signal input to the denmultiplexing unit 5-4 is a signal
equivalent to (having the same form or the like as)} the
sigrnals input to the demultiplexing units 5-1 to 5-3.

Therefore, the channelizer 101 1s capable of uniformly
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treating a regenerative relay signal and a non-regenerative

relay signal.
10019] Note that, when a plural kinds of signals are
included in the regenerative relay signal, different kinds

of demodulation processing and modulation processing can be

carried out for each of the kinds of signals. The
modulation processing can be carried out in a modulation
system different from a modulation system applied to the
recelived regenerative relay signal (i.e., the modulaticn
processing corresponding to the demcdulation processing
carried out by the demodulating unit 12) and also at
transmission timing and in the order different from the
transmission timing and the order in the modulation system
applled to the regenerative relay signal.

L0020} Wwhen a plurality of regenerative relay line
signals are input to an ocutput ¢f the multiplexing unit 7-4

in a frequency-multiplexing manner, a filter unit that

extracts the respective signals can be provided in the
demcdulating unit 12Z. However, a signal halfway in a
multiplexing process of the multiplexing unit 7-4 can be
extracted and output to the demodulating unit 12. By
configuring the multiplexing unit 7-4 in this way, the

multiplexing unit 7-4 carries out the role of an extraction

.

filter on the demodulating unit 12 side. Therefore, the

configuration can be simplified. Similarly, the

demultiplexing unit 5-4 inputs a signal halfway in a

demultiplexing process to the demodulating unit 12.

Therefore, a combining filter for creating a demultiplexed

*

input from a plurality of modulation cutputs in the
moduiating unit 14 can be simplified. Concerning a method
of realizing the demultiplexing unit and the multiplexing
unit capable of outputting the halfway processes of

demultiplexing and multiplexing, for example, a method
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disclosed 1n WO 2011/065287 can be used.

(0021} FIG. 2 1s a diagram of an example of a signal

processing process in the satellite relay device in this

r—

embodiment. Details of the signal processing process in

the satellite relay device in this embodiment are explained

wilth reference to FIG. 2. As shown in FIG. 2, output

signals of the guadrature detection units 4-1 to 4-3 are

respectively decomposed (demultiplexed) into individual

| —

sub-channel signals by the demultiplexing units 5-1 to 5-3.

In an example shown in FIG. 2, each of outputs of the

quadrature detection units 4-1 to 4-3 is demultiplexed into

eight sub-channels. However, FIG. 2 is an example and the

numper of sub-channels to be demultiplexed is not limited

to eight. In FIG. 2, frequency spectra shown in the upper

P

parts of respective frames of the demultiplexing units 5-1

to 5-3 1indicate input signals to the demultiplexing units
o—1 to 5-3. The input signals are demultiplexed into

individual sub-channels by the demultiplexing units 5-1 to

o—-3 as shown in the lower parts in the respective frames of

the demultiplexing units 5-1 to 5-3. Note that sub-

channels in which signals are absent are not shown in FIG.
2.
[0022] The sub-channels demultiplexed by the

demultiplexing units 5-1 to 5-3 are input to desired

multiplexing units 7-1 to 7-4 in the switch unit 6. When the

sub-channels are input to the multiplexing units 7-1 to 7-4,

sub-channel frequencies of the multiplexing units in which

the sub-channels are arranged are designated. The multiplexing

units 7-1 to 7-4 multiplex an input plurality of sub-channel

signals such that the respective sub-channels change to

designated frequencies. As it is seen from FIG. 2, the

ﬁ

function of input/output interface of the switch unit 6 is

performed per each sub-channel. Note that demultiplexing unit




10

25

CA 028847728 2015-03-12

o

and Ifrequency arrangement on output sides of the sub-

channels 1s 1instructed to the switch unit © from the

control unit 1903 in ¥IG. 1. This instruction can take, for

example, a form of a routing table between an input and an

output.

[0023] The sub-channel signals iInput to the multiplexing
3 connected to the quadrature modulation

units 8-1 to 8-3 ameng the multiplexing units 7-1 to 7-4
ative relay signals. The sub-channel

t

signals are output to

to 8-3 after being multiplexed and are finally transmitted
from the transmilission antennas 1:-1 to 11-3.
00247 On the othsr hand, the sub-channel signals input

to the multiplexing unit 7-4 are regenerative relay signals.

The sub-channel signals change tc an input signal to the
regenerative relay unit 102 after being multiplexed. In
the example shown in FIG. 2, in the freguency spectra after
the multiplexing (shown in the lower part in the frame of

the muitiplexing unit 7-4 in FIG. 2), two kinds of signals
indicated by different hatchings are inputs to the

generative reliay unit 102. These signals are demodulated

{“1'

e

in the regenerative relay unit 102 intc an information

sequence. Thereafter, the signals are modulated again and
O

ut to the channelizer 101 again. The signals input to

~y

the channelizer 101 through the regenerative relay unit 102
are decomposed into sub-channels by the demultiplexing unit
5—-4. Thereafter, the signals are input tc the multiplexing
units /-1 to 7-3 by the switch unit 6. The input signals
are muitiplexed in the same manner as the non-regenerative

relay signal by the multiplexing units 7-1 to 7-3. Finally,

3 B |
1 7
\.-'-1-4-

1)

lnput signals are transmitted by the transmission

antennas 11-1 to 11-3. Note that, in the example shown in

FIG. 2, the regeneratlive relay signal is input to only the
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multiplexing unit 7-3. However, an input destination of
the regenerative relay signal only has to be one or mors of

the multiplexing units 7-1 to 7-3. As it is evident from

}

the above explanation, in the satellite relay device in
this embodiment, the regenerative relay signal and the non-
regenerative relay signal are multiplexed in a mixed state.
A waveform 1n which the regenerative relay signal and the
non-regenerative relay signal are mixed can be transmitted
from the same transmission antenna.

[0C25] As it 1s evident from the above operation

“‘?’

explanation, in this embodiment, the regenerative relay
signal passes the channelizer twice. Consequently, the
switch unit 6 is used in common for the regenerative relay
signal and the non-regenerative relay signal. The routing

ct the sub-channel signals are also used in common. That

-

1s, the satellite relay device in this embodiment does ngo

T
L

pt
gt

-
(D

ed tc include a special switch unit for regenerative

(D

lay different fr a switch unit for non-regenerative
la

(D

"<I

CD

|

[\

0Z20] Further, as explained above, the demultiplexing
units 5-1 to 5-4 and the multiplexing units 7-1 to 7-4 are
configured to make it possible to input and ocutput signals

in halfway stages of demultiplexing and mulitiplexing.

Therefore, 1t i1s unnecessary to carry out processing for

further demultiplexing an output signal of the multiplexing

+

unit /-4 in the regenerative relay unit 102 to extract

respective signals for regenerative relay and multiplexing

the respective signals for regenerative relay in the
modulating unit 14 for the demultiplexing unit 5~4. This

means that components on the inside of the demultiplexing

units 5-1 to 5-4 and of the multiplexing units 7-1 to 7~4

can be used in common, that 1s, it is unnecessary to

prepare a special demultiplexing unit for regenerative
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relay. With this characteristic, in the satellite relay
device including the channelizer, by changing the number
and a processing ability of regenerative relay units

connected to the channelizer, it 1

{1

possible to flexibly
change the ratio of a non-regenerative relay band and a
regenerative relay band even in the same channelizer.

00277 ] Note that, in FIG. 1, a configuration diagram in

which the number of both of the transmission antennas and

the reception antennas 1s three. However, the number of

the transmission antennas and that c¢f the reception

antennas 1is not limited to this. The present invention can
aiso be applied to a configuration in which the number of
transmission antennas and that of reception antennas are
different.

[0028] In the configuration shown in FIG. 1, an input
signal from a single reception antenna (e.g., the reception

antenna 1-1) 1s input to 2 single demultiplexing unit {(e.qg.,

-

the demultiplexing unit 5- ut

)
-
Q.
D
3
O

ut of a single

T

1)
multipiexing unit {e.g., the multiplexing unit 7-1) is
output to a single transmission antenna (e.g., the

transmission antenna 11-1}. However, the present inventiocn

1s also applicable in carrying out beam forming {an analog
system or a digital system or a hybrid system of the analog

'stem and the digital system; for forming a beam using a

O @
et

urality of antennas c¢n a satellite. When an input to the

channelizer 101 1s a beam, respective beams formed by the

F .

beam forming are inputs and outputs of the demultiplexing

units 5-1 to 5-3 and the multiplexing units 7-1 to 7-3 of

(—r.

ne channelizer 1C01. Naturally, different beam forming

systems can be appiied on the transmission side and the
reception side {including the case in which the beam
forming 1s nct used).

[0029] Further, the present invention 1s also applicable
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" »

to a system 1in which the digital beam forming is performed

1n units of sub-channels of a demultiplexing output and a
multiplexing input. When reception digital beam forming is
performed per sub-channel, an inner product (a reception
cigital beam forming ocutput) of a reception signal vector
formed by a plurality cof sub-channel signals output from a
plurality of demultiplexing units and an antenna weight
vector forming a reception beam is made an input to the
switch unit 6. When transmission digital beam forming is
performed per sub-channel, elements of a vector obtained as
a result of multiplying the sub-channel signals output from
the switch unit 6 with an antenna weight vector forming a
transmission beam are input to the multiplexing units 7-1
to /-3. As a result of the reception digital beam forming,
in the multiplexing units 7-1 to 7-3, a plurality of input
signals are sometimes present in a specific sub-channel
input. However, in that case, an added-up signal of the

1nput signals 1s made an input to the multiplexing units 7-

L to /-3. In the addition, the respective input signals
pefore the addition can be added up after being multiplied
with a weight ccefficient. Note that setting values of the
welght vector, the weight ceefficient, sub-channel
allocation and the like are contrclled by the control unit
103. The multiplication of the weight coefficient in the
beam forming system can be performed during the routing
(1.e., the channelizer 101 can perform the multiplication

of the weight coefficient in the beam forming system).

t0030] The configuration shown in FIG. 1 is a
configuration in which all of the reception antennas 1-1 to
1-3 and the transmission antennas 11-1 to 11-3 are
connected to the channelizer 101. However, a part or all

of transmission bands and reception bands can be connected

Lo separate bent pipe systems (systems for analogically
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F

converting and relaying center frequencies of an input and

an output not through a channelizer). In that case, a part

or all of transmission bands and reception bands

processable by the channelizer 101 and transmilission bands

and reception bands processable by the bent plpe systems

can overlap or the transmission bands and the reception

bands do not have to overlap at all.

(0031 ] In the configuration shown i1in FIG. 1, the
quadrature detection units 4-1 to 4-3 and the quadrature

modulation units 8-1 and 8-3 are arranged between the A/D

conversion units 3-1 to 3-3 and the D/A conversion units 9-

1 and 9-3 and the channelizer 101. A/D conversion and D/A

conversion are performed as IF sampling operations.

However, the satellite relay device 1s not limited to this

configuration. Both or one of the A/D conversion and the

D/A conversion can be performed as complex baseband

sampling.

100321} In the configuration shown 1in FIG. 1, the

regenerative relay unit 102 connected to the channelizer

101 1s only one system. However, a plurality of the
regenerative relay units 102 can be connected to the

channelizer 101. In that case, a method of preparing, by

P

the number of the regenerative relay units 102,

demultiplexing units and multiplexing units connected to

the regenerative relay units 102 can be adopted.

Alternatively, a method of connecting a plurality of

regenerative relay units to a set of a demultiplexing unit

and a multiplexing unit can be adopted.
[0033] As explained above, 1n the satellite relay device

a -

1n this embodiment, a part of the output of the channelizer

101 1is i1nput to the regenerative relay unit 102 and the
slgnal after processing by the regenerative relay unit 102

1s 1nput to the channelizer 101 again. Consequently, the
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il

switcn unit © of the channelizer 101 is capable of
performing routing of sub-channels without distinguishing
the regenerative relay and the non-regenerative relay.
Therefore, an effect 1s obtained that it is possible to
easily realize a relay in which the regenerative relay and
the non-~regenerative relay are mixed.

(0034 ] Further, with the satellite relayv device in this
embodiment, the demultiplexing units 5-1 to 5-4 and the
multiplexing units 7-1 to 7-4 configuring the channelizer
101 can pe formed in a circuit cenfiguration commen to the

regenerative relay system and the non-regenerative relay

1)

system. Therefore, an effect ¢f z reduction in costs of

the device through common parts utilization is obtained.
{035 Furthermore, wilth the satellite relay device in
this embodiment, a switch system and a demultiplexing and

3

multiplexing system are used in common in the regenerative
relay and the non-regenerative relay. Therefore, an effect

1s obtained that it is possible to realize a relay capable

of freely setting a ratio of a regenerative relay band and
a non-regenerative relay band according £o a use.

(0036] Second Embodiment.

|

FIG. 3 1s a diagram cof a functional ceonfiguration
example of a second embodiment of the satellite relay
device according to the present invention. As shown in FIG.
3, 1n this embodiment, the satellite relay device includes
the reception antennas 1-~1 to 1-3, the RF reception units
2-1 to 2-3, the A/D conversion units 3-1 to 3-3, the
quadrature detection units 4-1 to 4-3, the demultiplexing
units 5-1 to 5-3 and a demultiplexing unit 23, a switch
unit 22, the multiplexing units 7-1 to 7-3 and a
multipliexing unit 21, the guadrature modulation units 8-1
to 8-3, the D/A conversion units 9-1 to 9-3, the RF

transmission units 10-1 to 1C0~-3, the transmission antennas
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11-1 to 11i-3, a demodulating unit 24, a buffer unit 25, a
modulating unit 26, and a control unit 203.

[0037] The demultiplexing units 5-1 to 5-3 and 23, the
switch unit 22, and the multiplexing units 7-1 to 7-2 and
21 configure a channelizer 201. The demodulating unit 24,
the buffe

r unit 25, and the modulating unit 26 configure a

enerative relay unit 202.

"~
(D
®

[0038] The satellite relay device in this embodiment is

the same as the satellite relay device in the first
empbodiment except that the satellite relay device includes
the multipiexing unit 21, the demultiplexing unit 23, the
regenerative relay unit 202, the switch unit 22, and the
control unit 203 instead of the demultiplexing unit 5-4,
the mulitiplexing unit 7-4, the regenerative relay unit 102,
~he switcn unit o, and the control unit 103. Constituent
elements having functions same as the functions of the
constituent elements in the first embodiment are denoted by

ais and signs same as the reference numerals

b

r
n the first embodiment. Redundant explanation
of the constituent elements 1s comitted.

[0039] This embodiment i1s different from the first

embodiment in that the demultiplexing unit 23 is connected

to an input {(the demodulating unit 24) side of the
regenerative relay unit 20Z and the multiplexing unit 21 is
connected to an cutput {(the medulating unit 26) of the
regenerative relay unit 202,

[0040] Next, operaticns 1in this embodiment are explained.
Note that explanation 1s omitted concerning sections that
perform operations same as the operations in the first
empodiment. Differences from the first embodiment are
explained. In the switch unit 22, subk-channel signals
(first demultipiexed signals} demultiplexed in the

demultiplexing units 5-1 to 5-3 are routed to desired
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desired frequencies of desired multiplexing units /-1 to 7-
3 or demultiplexing unit 23 (second demultiplexing units)
designated by the control unit 203. Note that, 1n the
routing in the switch unit 22, besides normal one-to-one

connection, one-to-N (N is an integer equal to or larger

than 2) connection for duplicating a sub-channel signal

input into a plurality of sub-channel signal outputs, N-to-

one connection for adding up a plurality of sub-channel

signal inputs into one sub-channel signal output, and the

like can be adopted. When the input sub-channel signal

input is duplicated to output a plurality of sub-channel

signals, each output signal can be multiplied with a

different weight coefficient. In the routing, 1nput sub-

channel signals can be multiplied with a weight coefficient

of a real number or a complex number. Further, the sub-

channels with which a weight coefficient of a real number

or a complex number has been multiplied can be added. The

-

same effect can be obtained irrespective of 1n which of the

demultiplexing unit, the multiplexing unit, and the switch

unit the weight coefficient multiplication is 1mplemented.

Among outputs of the demultiplexing units 5-1 to 5-3, sub-

channel signals including a signal for regenerative relay

are input to the demultiplexing unit 23. Similarly, the

F

switch unit 6 in the first embodiment can be any one of the

one—-to-one connection, the N-to-one connection, and the

one-to-N connection. Sub-channel signals can be multiplied

with a weight coefficient of a real number or a complex

number.

(0041 ] The demultiplexing unit 23 demultiplexes input
sub-channel signals into sub-channels 1n a narrower band

and outputs the sub-channel signals to the regenerative

relay unit 202. For the demultiplexing unit 23, unlike the

demultiplexing units 5-1 to 5-3, a plurality of sub-channel
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signals are made input signals. The configuration of the
demultiplexing unit 23 in this case is equivalent to the
configuration o¢f the demultiplexing unit that inputs a
signal halfway in demultiplexing as explained in the first
embodiment.

10042 ] The sub-channel signals (the second demultiplexed
signals} in the narrow band output from the demultiplexing
unit 23 are input to the demodulating unit 24 of the
regenerative relay unit 202. The demodulating unit 24

ates the input sub-channel signals in the narrow
pand and stores zn 1nformation sequence in the buifer unit
2> as a demodulation result. The medulating unit 26
modulates the information segquence read out from the buffer
unlt 25 and outputs the information seguence to the
multiplexing unit 21 (the second multiplexing unit).
Freguency resolution of an input signal to the multiplexing
unit 21 is equivalent to freguency resclution cof the sub-
channel signa in

the narrow band ocutput by the
2

demultiplexing unit 23, The multiplexing unit 21

U

multiplexes the input sub-channel signals in the narrow
band and outputs the sub-channel signals. Freguency
resolution of an output signal ©of the multiplexing unit 21
18 eguivalent to frequency resolution of the sub-channel

signals output by the demultiplexing units 5-1 to 5-3.

However, concerning the input side ¢f the multiplexing unit
21, because sub-channel signals are input from a halfway
stage of the multiplexing processing of the multiplexing
unit 21, the sub-channel signals can be made signals having
frequency resclution larger than frequency resclution of
the output of the multiplexing unit 23.

[0043] An output of the multiplexing unit 21 connected
Lo the switch unit 22 and an input to the demultiplexing

unit 23 connected to the switch unit 22 are respectively
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equivalent to the outputs of the demultiplexing units 5-1
to 5-3 and the inputs to the multiplexing units 7-1 to 7-3.
Therefore, the switch unit 22 is capable of realizing mixed
relay of the regenerative relay and the non-regenerative

relay without distinguishing the regenerative relay and the

non-regenerative relay. The sub-channel signals
demultiplexed by the demultiplexing units 5-1 tc 5-3 are
more finely demultiplexed in the demultiplexing unit 23 via
the switch unit 22. Consequently, on the regenerative

}

relay unit 202 side, it 1s unnecessary to, for example, set

h

a filter for extracting respective regenerative relay
signals from the signals in which a plurality of
regenerative relay signals are frequency-multiplexed.

0

'H‘W‘

-

44 ] FIG. 4 1s a diagram of an example a signal

4

processing process in the satellite relay device in this

3

empodiment., Details of the signal processing process in

I....J

the satellite relay device in this embodiment is explained

pelow with reference to FIG. 4.

[0045] The sub-channel signals input to the
demultiplexing unit 23 are more finely denultiplexed into
sub-channel signals in a narrow band. Thereafter, the sub-
channel signals are output to the regenerative relay unit
202. In an example shown in FIG. 4, the demultiplexing

unit 23 further demultiplexes, at guadruple frequency

resolution, signals for two sub-channels output from the
switch unit 22. However, the input band and the frequency
resolution after the demultiplexing are not limited to
these values. The regenerative relav unit 202 extracts a

signal for regenerative relay from the sub-channel signals

in the narrow band output from the demultiplexing unit 23
and, after demodulating the extracted signal, modulates the
signal and outputs the signal to the multiplexing unit 21.

Setting of a modulation system of modulation processing,
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F

transmission timing, and the like of the regenerative relay

N

t

unit 202 can be different from the setting for the input o:

the demodulated signal. These settings are performed by

the control unit 203.

I

[00406] Note that, in the regenerative relay unit 202, 1if

a processing for performing gain control per each of the

sub-channels without performing modulation and demodulation

of an input is added, it is possible to realize functlons

such as a notch filter narrower in a band than the

F

resolution of the sub-channels of the demultiplexing units

5-1 to 5-3 and a filter for adjusting a frequency

characteristic at finer granularity.

10047] Note that, in FIG. 3, for simplification of

explanation, a configuration diagram in which the number of

transmission and reception antennas is three 1s shown.

(0048} However, as explained in the first embodiment,

the present invention can also be applied when the beam

forming is performed. Further, the present invention 1s

also applicable to a system for performing the digital beam

gr—
S

forming per each sub-channel of a demultiplexing output and

*

multiplexing input. In this case, setting values of the

weight vector, the weight coefficient, the channel

allocation, and the like are controlled by the control unit

203.

[0049] In the configuration explained above, all of the

reception antennas 1-1 to 1-3 and the transmission antennas

11-1 to 11-3 are connected to the channelizer 201.

However, as explained in the first embodiment, a part oOr

all of transmission bands and reception bands can be

connected to another bent pipe system. Both or one of the

A/D conversion and the D/A conversion can be performed as

complex baseband sampling.

(0050] In the configuration shown in FIG. 3, the
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regenerative relay unit 202 connected to the channelizer
201 is only one system. However, a plurality of the

regenerative relay units 202 can be connected to the

channelizer 201. 1In that case, a method of preparing, by
Lhe number of the regenerative relav units 202,
dermultiplexing units and multiplexing units connected to
the regenerative relay units 202 can be adopted.
Alternatively, a method of connecting a plurality of the
regenerative relay units 202 to a set of a demultiplexing
unit and a multiplexing unit can be adopted.

{0051 ] AS explained apove, in this embodiment, the

switch unit 22 inputs the sub-channel signals including the

(D
Py

signal for regenerative relay to the demultiplexing unit 23.

% -

The cemultiplexin

N

=
unit 23 further demultiplexes the input
int

J
sub~-channel signals o sub-cannel signals in a narrower

@,

]

-

pand and inputs the sub-channel signals to the regenerative
20Z. Then the output of the regenerative relay
0Z 1is input to the multiplexing unit 21. The
multiplexing unit 21 multiplexes the input sub-channel
s in the narrow band into a signal having fregquency
tion equivalent to frequency resclution of *he sub-

i signals output by the demultiplexing units 5-1 teo

>~3 and inputs the signal to the switch unit 22. Therefore,

effects same as the effects in the first embodiment can be
obtained. When a radio signal in a band narrower than a
sub-channel band width of the non-regenerative relay system
1s reproduced and relayed, demultiplexing and multiplexing
processing does not have to be carried out in the
regenerative relay unit. Therefore, effects such as a
circuit size reduction and a cost reduction of the

regenerative relay unit are obtained.

Industrial Applicability
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oy
D
-
1

2] As explained above, the relay device, the
1

()
U
¢t
(b

lite relay device, and the satellite relay method
a

D

cording to the present invention are useful for a multi-

2
Q

D

am communication satellite and, in particular, suitable

(N
1
QO

r a satellite relay device that carries out both of

3
(D
e

enerative relay and non-regenerative relay.

Reference Signs List

(0053] i-1 teo 1-3 Reception antennas
10 =1 to 2-3 RF reception units

3-1 to 3-3 A/D conversion units
4—-1 to 4-3 Quadrature detection units
o-1 to 5-4, 23 Demultiplexing units

p 22 Switch units

15 /-1 to 7-4, 21 Multiplexing units
-1 to 8-3 Quadrature mcdulation units
9-1 to 9-3 D/A conversion units
10-1 to 10-3 RF transmission units
11-1 to 11-3 Transmission antennas

20 12, 24 Demodulating units

13, 25 Buffer units

14, 26 Modulating units

101, 201 Channelizers

102, 202 Regenerative relay units

25 103, 203 Control units
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CLAIMS

1. A relay device comprising:

(1)

a first demultiplexing unit that demultiplexes
reception signal to generate a demultiplexed signal in a
pand narrxower than a band of the reception signa

first and second muitiplexing units that multiplex
input signals to generate multiplexed signals;

a transmission antenna that transmits the multiplexed
signal generated by the first multiplexing unit;

a regenerative relay unit that carriles out

demodulation processing on the multiplexed signal generated
second multiplexing unit and modulates an
information sequence cobtained by the demodulation

enerate a modulated signal;

X

U
0.
(D
(3
Q
oot
(L O
Q.

emultiplexing unit that demultiplexes the

)

to generate a demultiplexed signal in a

i
band narrower than the band ©f the reception signal; and
n

k|

anlt that inputs the demultiplexed signal
generated by the first demultiplexing unit to the first
maitiplexing unit or the second multiplexing unit andc

inputs the demultiplexed signal generated by the second

{3

demultiplexing unit to the first multiplexing unit.

2. A relay device comprising:

a first demultiplexing unit that demultiplexes a
reception signal t¢ generate a first demultiplexed signal
1in a band narrower than a band of the recepticon signal:;

a first multiplexing unit that multiplexes an input

signal to generate a muitiplexed signal;

a transmission antenna that transmits the multiplexed
signal generated by the first multiplexing unit;
a second demultiplexing unit that demultiplexes an

input signal to generate a second demultiplexed signal in a
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band narrower than the band of the first demultiplexed

signal;

a regenerative relay unit that carries out
demodulation processing on the second multiplexed signail
and applies modulation processing to an i1nformation
seguence obtained by the demodulation processing to

generate a modulated signal;

a second multiplexing unit that multiplexes the
modulated signal to generate a multiplexed signal; and

a switch unit that inputs the first demultiplexed
signal to the first multiplexing unit or the second
demultiplexing unit and inputs the multiplexed signal
generated by the second multiplexing unit to the first

multiplexing unit.

3. The relay device according to claim 2, wherein the
regenerative relay unit includes a function of outputtin
an input signal withcout applying the demodulation
processing and the modulatlion processing to the input

signal.

q . The relay device according to claim 1, 2, or 3,

wherein the regenerative relay unit carries out the

demodulation processing in & different demodulation system

for each type of the demcdulated signal.

5, The relay device according to any one of claims 1 to 4,

wherein the demodulation processing includes error

correction decoding processing.

B}

6. The relay device according to any ¢one of claim

n

D

wherein the regenerative relay unit carries ocut th

modulation processing according Lo a modulation system

1 to 5,
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different from the modulation processing applied to the
signal input to the demodulation processing.

/. The relay device according to any one of claims 1 to 6,
wherein the modulation processing includes error correction

encoding processing.

8. The relay device according to any one of claims 1 to 8,
wherein the switch unit includes a function of connecting
an input signal and an output signal in a cone-to-one

relation.

2. The relay device according tc any one of claims 1 to 6,

wherein the switch unit includes a function of connecting

an 1lnput signal and an output signal in a one-to-N (N is an
integer equal to or larger than 2) relation.

10. The relay device according to claim 9, wherein the
switch unit duplicates an input signal to generate N cutput
signais and multiplies each of the output signals with a

welght coefficient.

11l. The relay device according to any one of claims 1 to 6,
wherein the switch unit includes a function of connecting
an input signal and an output signal in an N (N is an

integer equal to cr larger than 2)~to-one relation.

12. The relay device according to any cone of claims 1 to

11, wherein the switch unit includes a function of
multiplying input signals respectively with weight
coefficients and then outputting the input signals to an

output side.
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13. The relay device according to any one of claims 1 to

12, wherein the switch unit includes a function of adding

up multiplication results, which are obtained by

multiplying input signals respectively with weight

coefficients, and outputting the added-up multiplication

results to an output side.

14. A satellite relay device mounted on an artificial

satellite, comprising:

a first demultiplexing unit that demultiplexes a

reception signal to generate a demultiplexed signal 1n a

P

band narrower than a band of the reception signal;

first and second multiplexing units that multiplex

input signals to generate multiplexed signals;

a transmission antenna that transmits the multiplexed

signal generated by the first multiplexing unit;

a regenerative relay unit that carries out
demodulation processing on the multiplexed signal generated
by the second multiplexing unit and modulates an

information sequence obtained by the demodulation

processing to generate a modulated signal;

a second demultiplexing unit that demultiplexes the

modulated signal to generate a demultiplexed signal 1n a

band narrower than the band of the reception signal; and
a switch unit that inputs the demultiplexed signal

generated by the first demultiplexing unit to the first

multiplexing unit or the second multiplexing unit and

inputs the demultiplexed signal generated by the second

demultiplexing unit to the first multiplexing unit.

15. A satellite relay device mounted on an artificial

satellite, comprising:

a first demultiplexing unit that demultiplexes a
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reception signal Lo generate a f{first demultiplexed signal
in a band narrower than a band of the reception signal;
a first multiplexing unit that nmultiplexes an input
signali to gensrate a multiplexed signal;
' a transmission antenna that transmits the multiplexed
signa. generated by the first multiplexing unit;
a second demultiplexing unit that demultiplexes an

input signal te generate a second demultliplexed signal in a

pband narrower than the band of the first demulticlexed
signal;

a regenerative relay unit that carries out
demodulaticn processing on the second multiplexed signal
and applies modulation processing to an information
seguence obtained by the demodulaticon processing to
generate a modulated signal:

a seccond multiplexing unit that multiplexes the

rr—d

mogulated signal to generate & muitiplexed signal; an
a switch unit that inpuis the first demultiplexed

signal to the first multiplexing unit c¢r the second

demultiplexing unit and inputs the multiplexed signal

generated by the second multiplexing unit to the first

muitiplexing unizt.

16. A satellite relay method in a satellite relay device,
cComprising:

a first demultiplexing step for demultiplexing a

reception signal to generate a demultiplexed signal in a

band narrower than a bkband of the rec

(D

ption signal;

first and second nmultiplexing steps for multiplexing
input signa.is to generate multiplexed signals;
a transmitting step c¢f transmitting the multiplexed

signal generated by the first multiplexing step;

a regenerative relaving step for carrying out
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demodulation processing on the multiplexed signal generated
by the second multiplexing step and modulating an
information seguence cbtained by the demodulation
processing to generate a mcocdulated signal;

a second demultiplexing step for demultiplexing the
modulated signal to generate a demultiplexed signal in 2
band narrcwer than the band of the reception signal

a switching step for setting the denmultiplexed signal
generated 1n the first demultiplexing step as an input
signal to the first multiplexing step or the second
multiplexing step and setting the demultiplexed signal
generated in the second demultiplexing step as an input

signal to the first multiplexing step.

17. A satellite relay method in a satellite relay device,
comprising:

a first demultiplexing step for denmultiplexing a

recepticon signal to generate a first demultiplexed signal
in a band narrower than a band of the reception signal;

a first multiplexing step for multiplexing an input
signal to generate a multiplexed signal;

a transmitting step for transmitting the multiplexed

signal generated by the first multiplexing step:

a second demultiplexing step for demultiplexing an
input signal to generate a second demultiplexed signal in a
pband narrower than the band of the first demultiplexed

ignal;

a regenerative relaying step for carrying out
demcdulation processing on the second demultiplexed signal
and applying modulation processing to an information
sequence obtained by the demodulation processing to

generate a modulated signal;

L.l

a second multiplexing step for multiplexing the
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modulated signal to generate a multiplexed signal; and

—

a switching step for setting the first demultiplexed
signal as an input signal to the first multiplexing step o
Che second demultiplexing step and setting the multiplexed
signal generated by the second multiplexing step as an

input signal to the first multiplexing step.
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