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Description

Technical Field

[0001] The present invention relates to a relay system,
a relay device and a synchronization method. More spe-
cifically, the present invention relates to a distributed re-
lay system that allows a wireless terminal device to select
at least one of plural relay devices to establish a com-
munication with another wireless terminal device, the re-
lay device and a synchronization method.

Background Art

[0002] There is conventionally known a trunking type
wireless communication system (hereinafter, referred to
as a "trunking system") as a business land mobile wire-
less communication system. In a trunking system, a pre-
determined number of repeaters are present in a site,
and a plurality of wireless terminal devices shear a pre-
determined number of communication channels through
the predetermined number of repeaters. The trunking
system includes a dedicated control type having a ded-
icated control channel and a distributed control type hav-
ing no dedicated control channel. Based on control infor-
mation from the control channel in the case of the former
type and based on control information from a home re-
peater registered in each wireless terminal device be-
forehand in the case of the latter type, an unused com-
munication channel is set to allow the wireless terminal
devices to communicate with each other, so that the plu-
rality of wireless terminal devices shear the predeter-
mined number of communication channels. One of the
plurality of repeaters functions as a master repeater, and
the others function as slave repeaters, respectively. The
slave repeater operates in synchronization with a syn-
chronization signal output by the master repeater.
[0003] In this case, if individual repeaters output a syn-
chronization signal on a communication line without any
permission, it becomes difficult to establish a synchroni-
zation because of collision of such synchronization sig-
nals. Accordingly, only a specific repeater (which is called
a "master repeater") selected from the plurality of repeat-
ers outputs a synchronization signal to the communica-
tion line, other repeaters (which are called "slave repeat-
ers") acquire a timing of information on a system bus in
synchronization with the synchronization signal output
by the master repeater. If a master repeater breaks down
due to some reasons, it is necessary to select a new
master repeater in the remaining slave repeaters.
[0004] For example, JP 2007-281800 discloses a tech-
nology which connects a master repeater and a plurality
of slave repeaters one another over a system bus, and
which automatically changes the master repeater to a
new master repeater when the master repeater that out-
puts a synchronization signal breaks down. The master
repeater generates a synchronization signal based on a
reference signal output by a VCXO (an oscillator circuit),

and outputs the generated synchronization signal to the
plurality of other slave repeaters. Each repeater is con-
nected to another repeater through a synchronization sig-
nal connector in order to transmit/receive the synchroni-
zation signal, and is connected to another repeater
through an Ethernet (registered trademark) for a LAN
connection for a control communication relating to a con-
nection of a communication channel.
[0005] JP 2007-281800 discloses that when it is deter-
mined that the master repeater outputting the synchro-
nization signal breaks down, a main CPU of each slave
repeater establishes a communication with another re-
peater through the Ethernet (registered trademark) for a
LAN connection, and a relationship whether another re-
peater is the master repeater or a slave repeater at the
time of breakdown.
[0006] In US 6,590,891 B1 it is described that connect-
ed relay stations of a network each include a network
number, a clock defining a local reference time, a module
for transmitting/receiving messages on a frequency var-
ying according to a selected time-division scheme de-
fined relative to the local reference time, and a control
module for the messages. The control module of a syn-
chronizing relay station forms synchronization messages
including its network number, a common frequency, its
time-division evolution scheme and a common reference
time, for the transmission thereof. In addition, each relay
station includes a synchronization module capable of ex-
tracting the information contained in a synchronization
message received bearing a common network number,
in order, on the one hand, to readjust the local reference
time defined by the clock to the common reference time
and, on the other hand, to provide the transmitting/re-
ceiving module with the common frequency extracted
and its time-division scheme, such that the relay station
is frequency-synchronized with the synchronizing station
and in turn becomes a synchronizing station. Further, US
5,974, 056 describes a method and an apparatus for
transmission of data for voice, signaling data, air traffic
control facilities, telephone equipment, communication
systems, etc., wherein the data are transmitted in the
form of data packets comprising preamble, header, data,
and/or signal bytes via-if necessary-a dual bus between
preferably decentralized stations connected to the bus,
wherein the stations receive the data for transmission
from connected peripheral devices, e.g. microphones,
telephone equipment, loudspeakers, keyboards, line in-
terfaces, radio equipment, etc., and the stations transmit
received data via these peripheral units, and wherein the
station clock pulse is synchronized by a synchronizing
signal transmitted from a master station. In each station
a device, e.g. a Manchester decoder, which recognizes
preambles which are shortened in comparison with Eth-
ernet preambles, is connected between the station-inter-
nal data processing unit, e.g., a digital signal processor,
a microcontroller, etc., and the bus.
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Disclosure of Invention

Problem to be Solved by the Invention

[0007] According to JP 2007-281800, in a case in
which the master repeater breaks down, when a relation-
ship whether another repeater is the master repeater or
a slave repeater is determined, a slave repeater commu-
nicates with a set of other repeaters through a LAN con-
nection unit to determine such a relationship, but a spe-
cific procedure is not disclosed in JP 2007-281800. That
is, the technology disclosed in JP 2007-281800 is merely
an abstract desire, and a configuration that allows a per-
son skilled in the art to carry out such a desire is not
disclosed. Therefore, the disclosure of JP 2007-281800
does not overcome a problem that when the master re-
peater breaks down, a repeater selected from the other
repeaters which served as slave repeaters automatically
functions as a new master repeater.
[0008] The present invention has been made to over-
come the foregoing problem, and it is an object of the
present invention to provide a relay system, a relay de-
vice, and a synchronization method which allows, when
a master relay device that outputs a synchronization sig-
nal to a communication line breaks down among a plu-
rality of relay devices connected one another through the
communication line, another relay device to continue an
operation.
[0009] It is another object of the present invention to
provide a relay system, a relay device, and a synchroni-
zation method which allows, when a master relay device
that outputs a synchronization signal to a communication
line among a plurality of relay devices connected one
another through a communication line breaks down, an-
other relay device to automatically serve as a new master
relay device.
[0010] The invention is defined in the independent
claims. Advantageous embodiments are set out in the
dependent claims.
[0011] These objects are addressed by the subject
matter of the independent claims. Preferred embodi-
ments are described in the sub claims. In order to achieve
the objects, a relay system according to a first aspect of
the present invention comprises a plurality of relay de-
vices which are connected one another through a com-
munication line and to which respective unique relay
channels are allocated, each relay device being config-
ured to wirelessly transmit control information generated
based on information obtained from the communication
line to a wireless terminal device in order to select a relay
channel for the wireless terminal device registered in the
own relay device to communicate with an other wireless
terminal device, wherein the plurality of relay devices
comprise a master relay device which transmits a syn-
chronization signal over the communication line and
which communicates with the communication line in syn-
chronization with the synchronization signal, and an other
slave relay device which obtains the synchronization sig-

nal through the communication line and which commu-
nicates with the communication line in synchronization
with the synchronization signal, and when each of the
relay devices detects a condition in which no synchroni-
zation signal is transmitted over the communication line,
a relay device starts transmitting a synchronization signal
in accordance with a predetermined rule, and the relay
device which has transmitted the synchronization signal
serves as the master relay device.
[0012] In the relay system according to the first aspect,
when detecting a condition in which no synchronization
signal is transmitted over the communication line, each
of the relay devices transmits a synchronization signal in
accordance with a predetermined rule that is a different
output timing.
[0013] In the relay system according to the first aspect,
when each of the relay devices detects a condition in
which no synchronization signal is transmitted over the
communication line, a relay device selected in accord-
ance with a predetermined rule starts transmitting a syn-
chronization signal.
[0014] In order to achieve the objects, a relay device
according to a second aspect of the present invention is
connected to an other relay device through a communi-
cation line and to which a unique relay channel is allo-
cated, the relay device being configured to wirelessly
transmit control information generated based on infor-
mation obtained from the communication line to a wire-
less terminal device in order to select a relay channel for
the wireless terminal device registered in the own relay
device to communicate with an other wireless terminal
device, the relay device including: a function as a master
relay device which transmits a synchronization signal
over the communication line and which communicates
with the communication line in synchronization with the
synchronization signal; and a function as a slave relay
device which obtains a synchronization signal through
the communication line and which communicates with
the communication line in synchronization with the syn-
chronization signal, wherein when detecting a condition
in which no synchronization signal is transmitted over the
communication line, the relay device starts transmitting
a synchronization signal in accordance with a predeter-
mined rule, and when the relay device is the first relay
device that has transmitted the synchronization signal,
the relay device functions as the master relay device.
[0015] In order to achieve the objects, a synchroniza-
tion method according to a third aspect of the present
invention is in a relay system comprising a plurality of
relay devices which are connected one another through
a communication line and to which respective unique re-
lay channels are allocated, the plurality of relay devices
comprising a master relay device which transmits a syn-
chronization signal over the communication line and
which communicates with the communication line in syn-
chronization with the synchronization signal, and an other
slave relay device which obtains the synchronization sig-
nal through the communication line and which commu-
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nicates with the communication line in synchronization
with the synchronization signal, each relay device being
configured to wirelessly transmit control information gen-
erated based on information obtained from the commu-
nication line to a wireless terminal device in order to select
a relay channel for the wireless terminal device registered
in the own relay device to communicate with an other
wireless terminal device, wherein when detecting a con-
dition in which no synchronization signal is transmitted
over the communication line, each of the relay devices
starts transmitting a synchronization signal in accord-
ance with a predetermined rule, and the first relay device
that has transmitted the synchronization signal serves
as the master relay device.

Effect of the Invention

[0016] According to the present invention, when wire-
less terminal devices communicate each other through
a plurality of relay devices connected one another
through a communication line, even if a master relay de-
vice transmitting a synchronization signal to the commu-
nication line breaks down, a specific relay device select-
ed among the remaining relay devices automatically
functions as a master relay device through a specific pro-
cedure.
[0017] Moreover, according to the present invention,
even if the master relay device does not break down,
after the master relay device is removed from the plurality
of relay devices connected to the communication line, a
specific relay device selected from the remaining relay
devices automatically functions as a master relay device.
[0018] Furthermore, according to the present inven-
tion, when the master relay device breaks down or after
the master relay device is removed from the plurality of
relay devices connected to the communication line, in an
initial condition in which power is turned on again, a spe-
cific relay device selected from the plurality of relay de-
vices automatically functions as a master relay device.

Brief Description of Drawings

[0019]

FIG. 1 is a diagram showing a configuration of a wire-
less communication system according to an embod-
iment of the present invention;
FIG. 2 is a block diagram showing a configuration of
a wireless terminal device shown in FIG. 1;
FIG. 3 is a block diagram showing a configuration of
a repeater shown in FIG. 1;
FIG. 4 is a diagram showing a configuration of a clock
unit;
FIG. 5 is a diagram showing a synchronization signal
transmitted to a system bus from a master repeater
and a time slot following the synchronization signal
and allocated to each repeater;
FIG. 6 is a diagram showing a format of a commu-

nication frame exchanged between a repeater and
a wireless communication device;
FIG. 7 is a flowchart executed by a CPU of the re-
peater shown in FIG. 1; and
FIG. 8 is a diagram showing an illustrative priority
order to serve as a master repeater set to the repeat-
er shown in FIG. 1.

Best Mode for Carrying Out the Invention

[0020] An explanation will be given of an embodiment
of a relay system, a relay device and a synchronization
method of the present invention with reference to the
accompanying drawings.
[0021] As shown in FIG. 1, a site 100 of a wireless
communication system of the embodiment has plural
(e.g., 30 devices at maximum) repeaters 1111 to 111n
which are connected one another through a communi-
cation line 115. A unique relay channel is allocated to
each of the plural repeaters 1111 to 111n to bear a relay
process in the same communication area. The plural re-
peaters 1111 to 111n connected one another through the
communication line 115 configure a repeater system (a
relay system) 130. That is, the repeater system 130 con-
figures a communication area with n number of channels
(where n is the number of repeaters). Moreover, the re-
peater system 130 including the plural repeaters 1111 to
111n is connected to the server 104 through a commu-
nication line 116 like an IP connection line. In general,
the communication line 115 is referred to as a "system
bus", so that the communication line 115 is referred to
as a system bus in the following explanation.
[0022] The server 104 can set various settings of the
plural repeaters 1111 to 111n through a remote operation.
Each of the repeaters 1111 to 111n comprises a repeater
unit and a controller unit. Information (e.g., whether or
not it is relaying a communication) on each of the repeat-
ers 1111 to 111n is exchanged over the system bus 115
and is shared. At which time slot each of the repeaters
1111 to 111n transmits data is set beforehand. Hence,
each of the repeaters 1111 to 111n transmits data at a
time slot set beforehand.
[0023] One repeater in the plural repeaters 1111 to
111n is set as a "master repeater". Hereinafter, the ex-
planation will be given of a case in which the repeater
1111 in the repeaters 1111 to 111n shown in FIG. 1 serves
as a master repeater. The master repeater transmits a
synchronization signal for establishing a synchronization
among the repeaters 1111 to 111n including the local de-
vice to the system bus 115.
[0024] Each of wireless terminal devices TA to TH reg-
isters any one repeater in the repeaters 1111 to 111n as
a home repeater. Each of the wireless terminal devices
TA to TH receives a downlink signal of a home repeater
in a standby condition. Each of the wireless terminal de-
vices TA to TH obtains idle channel information inserted
in the downlink signal of the home repeater, and shifts
the channel frequency to this idle channel, thereby com-

5 6 



EP 2 341 742 B1

5

5

10

15

20

25

30

35

40

45

50

55

municating with another wireless terminal device. When
a communication ends, the wireless terminal device re-
turns the channel frequency to the channel frequency of
the home repeater, and returns to a standby condition.
In FIG. 1, the wireless terminal devices TA to TD register
the repeater 1111 as a home repeater, the wireless ter-
minal devices TE and TF register the repeater 1112 as
a home repeater, and the wireless terminal devices TG
and TH register the repeater 1113 as a home repeater.
[0025] The wireless communication system shown in
FIG. 1 is a distributed trunking system that allows the
wireless terminal devices TA to TH to shear the plurality
of repeaters 1111 to 111n, and accordingly selects at least
one repeater for relaying among those repeaters. The
distributed trunking system has no dedicated channel for
control all channels serve as control channels and com-
munication channels. It is presumed as an example that
the wireless terminal device TA communicates with an-
other wireless terminal device TB to TD that is registered
in the same home repeater. In this case, the wireless
terminal device TA obtains channel information indicat-
ing available channels for communication included in a
downlink signal from the repeater 1111 that is the home
repeater for the wireless terminal device TA, and distin-
guishes the available channels based on the obtained
channel information, selects one of the distinguished
available channels (e.g., the channel of the repeater
1113), and shifts the channel frequency to the selected
channel.
[0026] Moreover, the wireless terminal device TA
transmits a call request to the channel (the repeater
1113), receives a response to the effect that a commu-
nication is permitted from the repeater 1113 that provides
this channel, and establishes a link. The wireless terminal
device TB to TD that is a communication counterparty
receives a control signal which is transmitted from the
home repeater 1111 and which instructs shifting to the
communication channel (the channel of the repeater
1113) where the wireless terminal device TA has estab-
lished the link, changes the channel frequency to that of
the instructed channel, and communicates with the wire-
less terminal device TA. That is, the repeater 1111 serves
as a control channel for the wireless terminal devices TA
to TD that register the repeater 1111 as a home repeater,
and serves as a communication channel for the other
wireless terminal devices TE to TH. An example of the
communication among the wireless terminal devices TA
to TD are a group communication among the whole wire-
less terminal devices TA to TD, a group communication
in which the unit of a group is further broken up, e.g., a
small group including the wireless terminal devices TA
and TB, or an individual call for a target that is a solo
wireless terminal device.
[0027] Next, an explanation will be given of a configu-
ration and a function of each of the wireless terminal de-
vices TA to TH and those of each of the repeaters 1111
to 111n. FIG. 2 is a block diagram showing a configuration
of each of the wireless terminal devices TA to TH shown

in FIG. 1. FIG. 3 is a block diagram showing a configu-
ration of each of the repeaters 1111 to 111n shown in
FIG. 1 FIG. 4 is a diagram showing a synchronization
signal transmitted from the master repeater 1111 to the
system bus 115 and a time slot following the synchroni-
zation signal and allocated to each repeater. FIGS. 5A
and 5B are diagrams showing a format of a communica-
tion frame exchanged between the repeater and the wire-
less terminal device. The communication frame includes
a header part and a data part. The detail of the header
part and that of the data part will be discussed later.
[0028] As shown in FIG. 2, each of the wireless terminal
devices TA to TH includes, as a signaling block, an an-
tenna ANTSR, a transmitting/receiving changing unit 11,
a transmitting unit 12, a baseband processing unit 13, an
A/D converter 14, a microphone 15, a receiving unit 16,
a baseband processing unit 17, a D/A converter 18, and
a speaker 19. Moreover, each of the wireless terminal
devices TA to TH includes, as a control block, a controller
20, a clock unit 25, a display unit 26, and an operating
unit 27. Furthermore, the controller 20 includes a CPU
(Central Processing Unit) 21, an I/O (input/output unit)
22, a RAM (Random Access Memory) 23, a ROM (Read
Only Memory) 24, and an internal bus connecting those
one another.
[0029] The signaling block of each of the wireless ter-
minal devices TA to TH is controlled by the CPU 21. The
CPU 21 runs a control program stored in the ROM 24 to
control the wireless terminal device overall, processes a
command and data input from the operating unit 27
through the I/O 22, and data obtained from the baseband
processing unit 17 and temporarily stores such command
or data in the RAM 23. Moreover, the CPU 21 causes
the display unit 26 comprising an LCD (Liquid Crystal
Display) or the like to display the stored command and
data as needed. The CPU 21 causes the display unit 26
to display a current time obtained by the clock unit 25.
The controller 20 may employ a structure to which a re-
writable nonvolatile memory card like a flash memory
recording unique identification information of the wireless
terminal device is detachably attached.
[0030] Next, regarding the signaling block, the trans-
mitting/receiving changing unit 11 has an input end con-
nected to the antenna ANTSR, and has an output end
selectively connected to the transmitting unit 12 or the
receiving unit 16 under the control by the CPU 21. When
no transmitting operation is given through the operating
unit 27, the wireless terminal device is in a receiving
(standby) mode, and the output end of the transmit-
ting/receiving unit 11 is connected to the receiving unit
16. Conversely, when a transmitting operation is given
through the operating unit 27, the wireless terminal de-
vice becomes a transmitting mode, and the output end
of the transmitting/receiving unit 11 is connected to the
transmitting unit 12.
[0031] When each of the wireless terminal devices TA
to TH is in a transmitting mode, the microphone 15 out-
puts an analog voice signal to the A/D converter 14 in
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accordance with a sound input given by the user.
[0032] The A/D converter 14 converts the analog voice
signal from the microphone 15 to a digital voice signal,
and outputs the digital voice signal to the baseband
processing unit 13.
[0033] The baseband processing unit 13 generates a
communication frame (a baseband signal) in a predeter-
mined format based on the digital voice signal output by
the A/D converter 14 or data stored in the RAM 23 of the
controller 20, and outputs the communication frame to
the transmitting unit 12.
[0034] The transmitting unit 12 modulates a carrier
wave using the communication frame output by the base-
band processing unit 13, and transmits the carrier wave
to the repeater in a relay operation through the transmit-
ting/receiving changing unit 11 and the antenna ANTSR.
An example of the modulation scheme by the transmitting
unit 12 is GMSK (Gaussian filtered Minimum Shift Key-
ing), PSK (Phase Shift Keying), QAM (Quadrature Am-
plitude Modulation) or FSK (Frequency Shift Keying).
[0035] When each of the wireless terminal devices TA
to TH is in a receiving mode, the transmitting/receiving
changing unit 11 connects the antenna ANTSR to the
receiving unit 16. The receiving unit 16 receives a radio
signal from each of the repeaters 1111 to 111n through
the antenna ANTSR. The receiving unit 16 amplifies the
received signal and performs a signal processing like a
demodulation process on the received signal, and out-
puts a demodulated signal to the baseband processing
unit 17.
[0036] The baseband processing unit 17 extracts a
communication frame from the demodulated signal out-
put by the receiving unit 16. The baseband processing
unit 17 outputs information on a header part H of the
extracted communication frame to the CPU 21. The CPU
21 analyzes the information on the header part H, and
when the transmission destination of the received signal
is the own station, outputs data on a voice signal included
in a data part D to the D/A converter 18, temporarily stores
data other than the voice signal included in the data part
D in the RAM 23, and causes the display unit 26 to display
such data as needed. The D/A converter 18 converts the
voice signal by the baseband processing unit 17 from
digital to analog, and outputs it to the speaker 19. The
speaker 19 outputs the analog voice signal as a voice
output.
[0037] As shown in FIG. 3, each of the repeaters 1111
to 111n includes, as a signaling block, an antenna ANTS
for transmission only, a transmitting unit 32, a baseband
processing unit 33, an antenna ANTR for reception only,
a receiving unit 36, a baseband processing unit 37, an
input unit 6, an output unit 7, and a network I/F (interface)
8. Each repeater also includes, as a control block, a con-
troller 40, a clock unit 45, a display unit 46, and an oper-
ating unit 47. Furthermore, the controller 40 includes a
CPU (Central Processing Unit) 41, an I/O (input/output
unit) 42, a RAM (Random Access Memory) 43, a ROM
(Read Only Memory) 44, and an internal bus (not illus-

trated) connecting those one another. The ROM 44
stores a trouble handling program when the master re-
peater breaks down and becomes unable to output a
synchronization signal over the system bus 115 together
with the normal operation of the CPU 41.
[0038] The clock unit 45 includes, as shown in FIG. 4,
an elapsed time timer T1, an 80-ms timer T2, and a cur-
rent time timer T3. The elapsed time timer T1 counts an
elapsed time after a synchronization signal is output over
the system bus 115. The 80-ms timer T2 counts 80 ms
corresponding to a frame period. The current time timer
T3 counts a current time. When detecting a synchroni-
zation signal over the system bus 115, the CPU 41 resets
the elapsed time timer T1.
[0039] Each of the repeaters 1111 to 111n has a bus
I/F (interface) 9 for transmitting its own information to the
system bus 115 and for obtaining information from an-
other repeater. The ROM 44 registers a reference value
of an elapsed time until it is determined that the own
repeater becomes to operate as a master repeater.
[0040] Each of the repeaters 1111 to 111n performs
signal processing, such as an amplification process or a
waveform processing, on a radio signal received from a
departure wireless terminal device (e.g., the wireless ter-
minal device TA), and transmits the processed signal to
a destination wireless terminal device (e.g., the wireless
terminal device TB), so that each of the repeaters 1111
to 111n basically has the same configuration as that of
each of the wireless terminal devices TA to TH shown in
FIG. 2. Hence, the same structural element as that of
each of the wireless terminal devices TA to TH will be
denoted by the same reference numeral, and the dupli-
cated explanation for the operation of such same struc-
tural element as that of each of the wireless terminal de-
vices TA to TH will be omitted.
[0041] When the wireless terminal devices TA to TH
communicate one another through the repeaters 1111 to
111n, an uplink from the wireless terminal device to the
repeater and a downlink from the repeater to the wireless
terminal device are subjected to communication at sub-
stantially same time with a frequency or a time slot being
changed. Hence, each of the repeaters 1111 to 111n has
the antenna ANTS for transmission only and the antenna
ANTR for reception only. Moreover, as shown in FIG. 1,
each of the repeaters 1111 to 111n, is connected one
another through the system bus 115, and is connected
to the server 104 through the communication line 116
like an IP connection line.
[0042] The input unit 6, under an input control by the
CPU 41, outputs data or the like which is written in a
synchronization signal and which is requested by another
repeater or the server 104 through the network I/F 8.
Moreover, when a multi-site network for communicating
with another site 10 configuring another communication
area is established, the input unit 6 exchanges a com-
munication frame with each of the repeaters 1 to n in
another site 10 through the network I/F 8. The bus I/F 9
mediates acquisition of a synchronization signal trans-
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mitted to the system bus 115 by the master repeater,
repeater information transmitted to the system bus 115
from other repeaters than the own repeater under an in-
put control by the CPU 41, and transmission of its own
information (information on the local device) to the sys-
tem bus 115 under an output control by the CPU 41.
[0043] Next, an explanation will be given of a wireless
communication method by the wireless terminal system
according to the present embodiment with reference to
FIGS. 5 and 7.
[0044] A synchronization signal shown in FIG. 5 has a
period of 80 ms, and the first half 40 ms includes 32 slots
from a slot 0 to a slot 31. Accordingly, each slot has a
time length of 1.25 ms. The first slot 0 is the synchroni-
zation signal, and is transmitted by a specific repeater,
i.e., the master repeater 1111 in accordance with a pre-
determined algorithm, and other repeaters 1112 to 111n
serve as slave repeaters, and obtain this synchronization
signal. The repeaters 1111 to 111n, i.e., the repeater sys-
tem 130 operates in synchronization with the synchroni-
zation signal. Any one of the slots 1 to 31 other than the
slot 0 for synchronization is allocated to each of the re-
peaters 1111 to 111n. Each of the repeaters 1111 to 111n
writes information on each repeater to be sheared in the
allocated slot. The repeater 1111 that is the master re-
peater transmits the synchronization signal at the slot 0,
and writes information on the repeater 1111 (e.g., infor-
mation indicating whether the repeater 1111 is not cur-
rently used or in a relaying operation) in the slot allocated
to the repeater 1111 among the slots 1 to 31. The last
slot 31 is used for a connection to an external device for
a future extended function.
[0045] FIG. 6A shows an illustrative format of a com-
munication frame when a link with a communication
channel is established, and FIG. 6B shows an illustrative
format of a communication frame at the time of voice or
data communication. In FIGS. 6A and 6B, the format of
the communication frame is 80 ms and 384 bits. Moreo-
ver, as far as an initial transmission, a preamble (P) of
equal to or greater than 24 bits is added to the header of
the frame. FSW is a frame synchronization word, LICH
is a link information channel, SCCH is a signaling infor-
mation channel for a trunking control, FACCH is a fast-
speed associated control channel, and G is a guard time.
[0046] As explained above, the master repeater trans-
mits a synchronization signal at the slot 0 shown in FIG.
5, the other repeaters that are slave repeaters to the mas-
ter repeater obtain this synchronization signal, and the
repeater system 130 including the master repeater op-
erates in synchronization with this synchronization sig-
nal. The synchronization signal is transmitted over the
system bus 115 every 80 m sec which is equal to the
period of the communication frame. The wireless com-
munication system of the present embodiment causes a
repeater among the repeaters 1111 to 111n to serve as
a master repeater in accordance with a predetermined
rule at the time of an initial activation. The repeaters other
than the master repeater automatically serve as slave

repeaters, and obtain a synchronization signal transmit-
ted by the master repeater. Any one of the slots 1 to 30
is allocated to each repeater configuring the repeater sys-
tem. Moreover, each repeater grasps the slots allocated
to another repeater. A timing of transmitting a synchro-
nization signal and that of transmitting information to the
allocated slot are decided by the clock unit 45. That is,
the synchronization signal is transmitted for each 80 m
sec, and information on the own repeater is transmitted
by counting a time up to the allocated slot from transmis-
sion of the synchronization signal. In consideration of
such operation, an explanation will be given of an oper-
ation when an arbitrary repeater serves as a mater re-
peater and the other repeaters serve as slave repeaters
with reference to the flowchart of FIG. 7 executed by the
CPU 41 shown in FIG. 3.
[0047] In order to facilitate the reader’s understanding,
as shown in FIG. 8, it is presumed that there are repeat-
ers, from 1st to nth repeaters 111, and each repeater has
the ROM 44 storing the priority to be a master repeater
and a clocked time both set therein.
[0048] When all repeaters 1111 to 111n are powered
on, and in an initializing process, any one repeater among
the plurality of repeaters 1111 to 111n starts operating as
a master repeater.
[0049] At the time of an initializing operation, respec-
tive CPUs 41 of all repeaters initialize the elapsed time
timer T1 of the clock unit 45.
[0050] In FIG. 7, the CPU 41 determines whether or
not a synchronization signal has been output over the
system bus 115 (step S101). When it is determined that
the synchronization signal has not been output (step
S101: YES), the CPU further determines whether or not
it is a timing at which the own repeater writes the syn-
chronization signal based on the elapsed time timer T1
(step S102). When it reaches the clocked time (see
[0051] FIG. 8) of the elapsed time timer T1, the CPU
determines that it is a timing at which the own repeater
writes the synchronization signal (step S102: YES), and
when the own repeater is not the master repeater (the
priority: equal to or lower than second), the CPU deter-
mines that it is not a timing at which the own repeater
writes the synchronization signal (step S102: NO), and
the process returns to the step S101.
[0052] After 80 ms has elapsed from the activation, the
clocked time by the elapsed time timer T1 reaches the
reference time of the repeater 1111, and the CPU deter-
mines that it is a timing at which the own repeater writes
the synchronization signal (step S102: YES).
[0053] When it is presumed that the repeater 1111
breaks down, it is determined in the step S101 (YES) that
there is no synchronization signal. When the condition
that there is no synchronization signal goes on for over
82 ms (80 ms (a period) + a slot period + a certain margin
time), in the step S102, the count value of the elapsed
time timer T1 of the master repeater 1113 that has a sec-
ond priority reaches the reference value (82 ms), and the
CPU of the repeater 1113 determines that it is a timing
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at which the own repeater writes the synchronization sig-
nal.
[0054] When it is presumed the repeaters 1111 and
1113 having the first and second priorities, respectively,
break down, it is determined in the step S101 (YES) that
there is no synchronization signal. When a condition in
which there is no synchronization signal goes on for over
84 ms, in the step S102, the count value of the elapsed
time timer T1 of the master repeater 1114 that has the
third priority reaches the reference value (84 ms), and
the CPU of the repeater 1114 determines that it is a timing
at which the own repeater writes the synchronization sig-
nal.
[0055] When it is presumed that the repeaters 1111,
1113, and 1114 having the first to third priorities, respec-
tively, break down, it is determined in the step S101 (YES)
that there is no synchronization signal. When a condition
in which there is no synchronization signal goes on for
over 86 ms, in the step S102, the count value of the
elapsed time timer T1 of the master repeater 111n that
has the fourth priority reaches the reference value (86
ms), and the CPU of the repeater 111n determines that
it is a timing at which the own repeater writes the syn-
chronization signal.
[0056] In this fashion, the process from the step S101
to the step S102 is repeated until any one repeater among
the repeaters 1111 to 111n transmits a synchronization
signal at first to be a master repeater.
[0057] When no synchronization signal is transmitted
to the system bus 115 (step S101: YES), and when the
CPU determines that it is a timing at which a synchroni-
zation signal is transmitted (step S102: YES), the syn-
chronization signal is transmitted the system bus 115
(step S103). As the synchronization signal is transmitted
to the system bus 115, each CPU 41 resets the elapsed
time in the clock unit 45 after the synchronization signal
is output to be 0. The repeater that has transmitted the
synchronization signal over the system bus 115 becomes
the master repeater.
[0058] The repeater that has become the master re-
peater causes the 80-ms timer T2 to start measuring a
period of a slot including the synchronization signal (step
S104).
[0059] Next, the CPU determines whether or not it be-
comes the timing of the allocated slot based on an
elapsed time after the synchronization signal has been
output (step S105), and when determining that it be-
comes the timing of the allocated slot the CPU writes
information on the own repeater in that slot (step S106).
Conversely, when the CPU determines that it is not the
timing of the allocated slot, i.e., determines that it is the
timing of the slot allocated to the other repeater, the CPU
reads information output to the system bus 115 in that
slot (step S107). Thereafter, information stored in the
RAM 43 is updated with the read information (step S108).
[0060] After information on the own repeater is written
in the step S106, or after the information is updated in
the step S108, it is determined whether or not 80 m sec

has been elapsed based on the count value by the 80-
ms timer T2 (step S109). When it is determined that 80
m sec has not been elapsed yet, the process returns to
the step S105, and the process in the step S106 or the
processes in the step S107 and the step S108 are re-
peated. Conversely, when it is determined that 80 m sec
has been elapsed, the process returns to the step S103,
and a synchronization signal is written in the header of
a next period.
[0061] When it is determined in the step S101 that the
synchronization signal has been output over the system
bus 115, because the other repeater operates as the
master repeater, the own repeater operates as a slave
repeater. That is, the synchronization signal written by
the master repeater is obtained from the system bus 115
(step S110), and the clock unit 45 is caused to start meas-
uring 80 m sec that corresponds to a period of the slot
including the synchronization signal (step S111).
[0062] Next, the CPU determines whether or not it be-
comes a timing of the allocated slot based on the count
value by the elapsed time timer T1 (step S112), and when
determining that it becomes the timing of the allocated
slot, the CPU writes information on the own repeater in
that slot (step S113). Conversely, when determining that
it is not the timing of the allocated slot, i.e., when deter-
mining that it is a timing of a slot allocated to another
repeater, the CPU reads information from that slot (step
S114). Thereafter, information stored in the RAM 43 is
updated with the read information (step S115).
[0063] After the information on the own repeater is writ-
ten in the step S113 or after the information is updated
in the step S115, it is determined whether or not 80 m
sec has been elapsed (step S116). When it is determined
that 80 m sec has not been elapsed yet, the process
returns to the step S112, and the process in the step
S113 or the processes in the step S114 and the step
S115 are repeated. Conversely, when it is determined
that 80 m sec has been elapsed, it is determined whether
or not there is a synchronization signal in the header of
a next period over the system bus 115 (step S117). When
it is determined that there is a synchronization signal,
such synchronization signal is obtained (step S110).
[0064] When it is determined in the step S117 that there
is no synchronization signal, this means that the master
repeater 1111 which has been transmitting the synchro-
nization signal becomes to have some reason that such
a master repeater is unable to transmit the synchroniza-
tion signal. For example, such reason may occur when
the master repeater breaks down, when the master re-
peater is separated from the repeater system 130, or
when the system bus 115 connecting the repeaters 1111
to 111n one another becomes discontinuous in the half-
way thereof. In this case, the process returns to the step
S101, and any one repeater among the repeaters that
are slave repeaters starts operating as a master repeater.
That is, the process from the step S102 to the step S109
is executed. As any one of the repeaters that are slave
repeaters starts transmitting a synchronization signal,
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the remaining repeaters repeat the process from the step
S110 to the step S117 as the slave repeaters.
[0065] As explained above, according to the present
embodiment, when no synchronization signal is trans-
mitted over the system bus 115, a master repeater is
selected from the plurality of repeaters (e.g., the repeat-
ers 1112 to 111n shown in FIG. 1) in accordance with a
criterion, transmits a synchronization signal over the sys-
tem bus 115, and transmits information to the system
bus 115 in synchronization with the synchronization sig-
nal. When the synchronization signal is transmitted to
the system bus 115, other repeaters become slave re-
peaters, and transmit information to the system bus 115
in synchronization with the synchronization signal trans-
mitted by the master repeater. Therefore, according to
the present embodiment, when the wireless terminal de-
vices TA to TF communicate one another through the
plurality of repeaters 1111 to 111n connected one another
through the system bus 115, if the master repeater (e.g.,
the repeater 1111 shown in FIG. 1) that transmits the
synchronization signal over the system bus 115 breaks
down, a specific repeater (e.g., the repeater 1112) se-
lected from the remaining repeaters (the repeaters 1112
to 111n) in accordance with a specific procedure be-
comes to serve as a master repeater automatically.
[0066] That is, when each of the repeaters 1111 to 111n
detects that any one of the repeaters (e.g., the repeater
1111 shown in FIG. 1) is transmitting a synchronization
signal as a mater repeater over the system bus, each of
the repeaters transmits no synchronization signal. There-
after, if, for example, the master repeater 1111 breaks
down, a repeater 1112 among the other repeaters 1112
to 111n automatically becomes a master repeater, so that
the wireless communication system can run without any
termination. Moreover, when it is not a breakdown, but
if the system bus is disconnected on the halfway thereof
and the repeater system 130 is divided into plural sys-
tems, a new master repeater is selected at a repeater
system 130 where the master repeater is not originally
present, and the system can run without any termination.
Furthermore, if the original master repeater 1111 that has
broken down or the like and disconnected is repaired and
recovered (reconnected), because the new master re-
peater 1112 is transmitting a synchronization signal al-
ready, the recovered repeater 1111 transmits no synchro-
nization signal, so that the wireless communication sys-
tem can run without any new setting.
[0067] If the criterion is just an order of channel number
or the like, when the original master repeater 1111 recov-
ers, a process of setting a master repeater again be-
comes necessary. Various problems such that it may be
that both repeater 1112 which has newly become a mas-
ter repeater and original repeater 1111 transmit respec-
tive synchronization signals are expected, but such prob-
lems do not occur according to the present embodiment.
[0068] Moreover, according to the present embodi-
ment, when one or equal to or greater than two repeaters
(e.g., the master repeaters 1111 and 1112) among the

plurality of repeaters (the repeaters 1111 to 111n shown
in FIG. 1) connected to the system bus 115 are eliminat-
ed, a specific repeater (e.g., the repeater 1114) selected
from the remaining repeaters (the repeaters 1113 to 111n)
can automatically serve as a master repeater.
[0069] Furthermore, according to the present embod-
iment, when a system is built at first using the plurality of
repeaters (e.g., the repeaters 1111 to 111n shown in FIG.
1), or when one or equal to or greater than two repeaters
(e.g., the master repeaters 1111 and 1112) are eliminat-
ed, in an initial condition in which each repeater is pow-
ered on, a specific repeater selected from those repeat-
ers automatically serves as a master repeater.
[0070] The foregoing embodiment is for explaining the
present invention, and the present invention is not limited
to the foregoing embodiment, and other embodiments
and modified examples which can be thought out by
those skilled in the art within the scope and the spirit of
the present invention are included in the scope and the
spirit of the present invention.
[0071] For example, in an activation process in which
all repeaters 1111 to 111n are just powered on, when a
difficulty that a master repeater is unable to transmit a
synchronization signal happens, and it is necessary to
set a new master repeater, the following method can be
applied.
[0072] Depending on a serial number (ESN: Electric
Serial Number) uniquely written in each repeater, a time
difference is set to a timing at which a synchronization
signal is written in a synchronization slot, and when any
one of the repeaters transmits the synchronization signal,
the other repeaters transmit no synchronization signal.
[0073] More specifically, at the time of activation of the
system, the ESN of each of the repeaters 1111 to 111n
sets a time difference at respective timings at which a
synchronization signal is transmitted. Thereafter, when
it becomes a condition in which no synchronization signal
from the master repeater 1111 that has been selected
initially is detected, the slave repeaters 1112 to 111n sub-
stantially simultaneously detect that no synchronization
signal is transmitted. The slave repeaters 1112 to 111n
which detect that no synchronization is transmitted wait
for respective timing at which each own repeater trans-
mits a synchronization signal, and because a timing at
which a synchronization signal is transmitted when it is
detected that no synchronization signal is transmitted has
a time difference for each repeater 1112 to 111n, in this
case, like the activation of the system, when any one of
the repeaters (e.g., the repeater 1112 shown in FIG. 1)
starts transmitting a synchronization signal, the remain-
ing repeaters 1113 to 111n transmit no synchronization
signal.
[0074] In addition to the scheme of setting a master
repeater based on the ESN, a repeater which will be a
master repeater may be set beforehand based on a chan-
nel order, or a repeater that is set to write information in
a first slot which is not a synchronization signal may be
set as a master repeater beforehand. Alternatively, at the
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time of activation process when a power is turned on, a
qualification to be a master repeater and a qualification
not to be a master repeater may be decided. In this case,
when any one of the repeaters starts transmitting a syn-
chronization signal, the other repeaters transmit no syn-
chronization signal.
[0075] Moreover, a synchronization signal for estab-
lishing a synchronization among the individual repeaters
utilizes a frame synchronization for a digital wireless com-
munication system, and the synchronization signal is
written in a slot for synchronization for each 80 m sec
interval. Because all repeaters attempt to establish a syn-
chronization at this timing, the communication frames
transmitted by respective repeaters in the same site are
also synchronized one another. Therefore, if the wireless
communication device changes a communication chan-
nel, because a synchronization is maintained, it is pos-
sible to establish a frame synchronization rapidly, and a
communication is also enabled rapidly.
[0076] According to the foregoing embodiment, a relay
device corresponds to each of the repeaters 1111 to 111n,
a master relay device corresponds to the repeater 1111,
a slave relay device corresponds to each of the repeaters
1112 to 111n, a communication line corresponds to the
communication line 5, a wireless terminal device corre-
sponds to each of the wireless terminal devices TA to
TH, and a relay system corresponds to the repeater sys-
tem 130.

Description of Reference Numerals

[0077]

TA to TH Wireless terminal device
1111 to 111n Repeater
115 System bus (communication line)
41 CPU
42 RAM
45 Clock unit

Claims

1. A relay system comprising a plurality of relay devices
which are connected to one another through a com-
munication line and to which respective unique relay
channels are allocated, each relay device being con-
figured to wirelessly transmit control information
generated based on information obtained from the
communication line to a wireless terminal device in
order to select a relay channel for the wireless ter-
minal device registered in the respective relay device
to communicate with an other wireless terminal de-
vice, wherein
the plurality of relay devices comprise a master relay
device which is configured for transmitting a synchro-
nization signal over the communication line in a slot
of a predetermined period and which is configured

for communicating over the communication line in
synchronization with the synchronization signal,
wherein the other relay devices other than the one
serving as the master relay device are configured
for serving as slave relay devices by obtaining the
synchronization signal through the communication
line in the slot of the predetermined period and by
communicating over the communication line in syn-
chronization with the synchronization signal, where-
in
the relay system is further configured in such a way
that to the master relay device and to each of the
slave relay devices a slot for transmitting information
on itself is allocated, wherein these slots are different
from the slot for transmitting the synchronization sig-
nal, wherein the information that relates to a respec-
tive relay device and was transmitted over the com-
munication line in the allocated slot for the respective
relay device is shared among all relay devices, and
wherein each of the relay devices is configured to
detect a condition in which no synchronization signal
is transmitted over the communication line, a relay
device among the slave relay devices is configured
to, when the condition holds, start transmitting a syn-
chronization signal in accordance with a predeter-
mined rule over the communication line in the slot of
the predetermined period, and thereafter serve as
the master relay device.

2. The relay system according to claim 1, wherein when
detecting a condition in which no synchronization
signal is transmitted over the communication line,
each of the relay devices are configured for trans-
mitting a synchronization signal in accordance with
a predetermined rule that is a different output timing
of the different relay devices, respectively.

3. A relay device which is configured for being connect-
ed to an other relay device through a communication
line and for being allocated to unique relay channel,
the relay device being configured to wirelessly trans-
mit control information generated based on informa-
tion obtained from the communication line to a wire-
less terminal device in order to select a relay channel
for the wireless terminal device registered in the re-
spective relay device to communicate with an other
wireless terminal device, the relay device being con-
figured to :

function as a master relay device which trans-
mits a synchronization signal over the commu-
nication line in a slot of a predetermined period
and which communicates information on itself
over the communication line in synchronization
with the synchronization signal in a slot which is
different from the slot for transmitting the syn-
chronization signal for sharing with all other relay
devices which it is connected to; and
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function as a slave relay device which obtains a
synchronization signal through the communica-
tion line in the slot of the predetermined period
and which communicates information on itself
over the communication line in synchronization
with the synchronization signal in a slot which is
different from the slot for transmitting the syn-
chronization signal for sharing with all other relay
devices which it is connected to,
wherein when detecting a condition in which no
synchronization signal is transmitted over the
communication line, the relay device is config-
ured to start transmitting a synchronization sig-
nal in accordance with a predetermined rule over
the communication line in the slot of the prede-
termined period, and when the relay device is
the first relay device that has transmitted the
synchronization signal, the relay device is con-
figured to function as the master relay device
thereafter.

4. A synchronization method in a relay system com-
prising a plurality of relay devices which are connect-
ed to one another through a communication line and
to which respective unique relay channels are allo-
cated, the plurality of relay devices comprising a
master relay device which transmits a synchroniza-
tion signal over the communication line in a slot of a
predetermined period and which communicates in-
formation on itself over the communication line in
synchronization with the synchronization signal in a
slot which is different from the slot of predetermined
period, wherein the other relay devices are slave re-
lay devices which obtain the synchronization signal
through the communication line in the slot of the pre-
determined period and which communicate informa-
tion on themselves over the communication line in
synchronization with the synchronization signal in re-
spective slots which are different from the slot of the
predetermined period, each relay device wirelessly
transmitting control information generated based on
information obtained from the communication line to
a wireless terminal device in order to select a relay
channel for the wireless terminal device registered
in the respective relay device to communicate with
an other wireless terminal device, wherein the infor-
mation that relates to a respective relay device and
was transmitted over the communication line in the
allocated slot for the respective relay device is
shared among all relay devices,
wherein when detecting a condition in which no syn-
chronization signal is transmitted over the commu-
nication line, each of the relay devices starts trans-
mitting a synchronization signal in accordance with
a predetermined rule over the communication line in
the slot of the predetermined period, and the first
relay device that has transmitted the synchronization
signal serves as the master relay device thereafter.

Patentansprüche

1. Relaissystem mit mehreren Relaisvorrichtungen,
die über eine Kommunikationsleitung miteinander
verbunden sind und denen jeweilige eindeutige Re-
laiskanäle zuwiesen sind, wobei jede Relaisvorrich-
tung dafür konfiguriert ist, Steuerinformation, die ba-
sierend auf über die Kommunikationsleitung erhal-
tener Information erzeugt wird, drahtlos an ein draht-
loses Endgerät zu übertragen, um einen Relaiskanal
für das drahtlose Endgerät, das in der entsprechen-
den Relaisvorrichtung registriert ist, für eine Kom-
munikation mit einem anderen drahtlosen Endgerät
auszuwählen, wobei
die mehreren Relaisvorrichtungen eine Master-Re-
laisvorrichtung aufweisen, die dafür konfiguriert ist,
ein Synchronisationssignal über die Kommunikati-
onsleitung in einem Schlitz mit einer vorgegebenen
Zeitdauer zu übertragen, und dafür konfiguriert ist,
synchron mit dem Synchronisationssignal über die
Kommunikationsleitung zu kommunizieren, wobei
die Relaisvorrichtungen, die von der einen als die
Master-Relaisvorrichtung dienenden Relaisvorrich-
tung verschieden sind, dafür konfiguriert sind, als
Slave-Relaisvorrichtungen zu dienen, indem sie das
Synchronisationssignal über die Kommunikations-
leitung in dem Schlitz mit der vorgegebenen Zeit-
dauer erhalten und synchron mit dem Synchronisa-
tionssignal über die Kommunikationsleitung kom-
munizieren, wobei
das Relaissystem ferner derart konfiguriert ist, dass
der Master-Relaisvorrichtung und jeder der Slave-
Relaisvorrichtungen ein Schlitz zum Übertragen von
Information über sich selbst zugewiesen wird, wobei
diese Schlitze von dem Schlitz zum Übertragen des
Synchronisationssignals verschieden sind, wobei
die Information, die mit einer jeweiligen Relaisvor-
richtung in Beziehung steht und über die Kommuni-
kationsleitung in dem für die jeweilige Relaisvorrich-
tung zugewiesenen Schlitz übertragen wurde, unter
allen Relaisvorrichtungen geteilt wird, und wobei je-
de der Relaisvorrichtungen dafür konfiguriert ist, ei-
nen Zustand zu erfassen, in dem kein Synchronisa-
tionssignal über die Kommunikationsleitung übertra-
gen wird, wobei eine Relaisvorrichtung unter den
Slave-Relaisvorrichtungen dafür konfiguriert ist,
wenn die Bedingung erfüllt ist, gemäß einer vorge-
gebenen Regel mit dem Übertragen eines Synchro-
nisationssignals über die Kommunikationsleitung in
dem Schlitz mit der vorgegebenen Zeitdauer zu be-
ginnen und danach als die Master-Relaisvorrichtung
zu dienen.

2. Relaissystem nach Anspruch 1, wobei, wenn ein Zu-
stand erfasst wird, in dem kein Synchronisationssi-
gnal über die Kommunikationsleitung übertragen
wird, jede der Relaisvorrichtungen dafür konfiguriert
ist, ein Synchronisationssignal gemäß einer vorge-
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gebenen Regel zu übertragen, nach der den ver-
schiedenen Relaisvorrichtungen jeweils ein anderer
Ausgabezeitpunkt zugeordnet wird.

3. Relaisvorrichtung, die dafür konfiguriert ist, über ei-
ne Kommunikationsleitung mit einer anderen Relais-
vorrichtung verbunden zu werden und einem ein-
deutigen Relaiskanal zugewiesen zu werden, wobei
die Relaisvorrichtung dafür konfiguriert ist, Steuer-
information, die basierend auf von der Kommunika-
tionsleitung erhaltener Information erzeugt wird,
drahtlos an ein drahtloses Endgerät zu übertragen,
um einen Relaiskanal für das in der entsprechenden
Relaisvorrichtung registrierte drahtlose Endgerät für
eine Kommunikation mit einem anderen drahtlosen
Endgerät auszuwählen, wobei die Relaisvorrichtung
dafür konfiguriert ist,
als eine Master-Relaisvorrichtung zu funktionieren,
die ein Synchronisationssignal über die Kommuni-
kationsleitung in einem Schlitz mit einer vorgegebe-
nen Zeitdauer überträgt, und die Information über
sich selbst über die Kommunikationsleitung syn-
chron mit dem Synchronisationssignal in einem
Schlitz überträgt, der von dem Schlitz zum Übertra-
gen des Synchronisationssignals verschieden ist,
um die Information mit allen anderen Relaisvorrich-
tungen zu teilen, mit denen sie verbunden ist; und
als eine Slave-Relaisvorrichtung zu funktionieren,
die ein Synchronisationssignal über die Kommuni-
kationsleitung in dem Schlitz mit der vorgegebenen
Zeitdauer erhält und Information über sich selbst
über die Kommunikationsleitung synchron mit dem
Synchronisationssignal in einem Schlitz überträgt,
der von dem Schlitz zum Übertragen des Synchro-
nisationssignal verschieden ist, um die Information
mit allen anderen Relaisvorrichtungen zu teilen, mit
denen sie verbunden ist,
wobei, wenn ein Zustand erfasst wird, in dem kein
Synchronisationssignal über die Kommunikations-
leitung übertragen wird, die Relaisvorrichtung dafür
konfiguriert ist, gemäß einer vorgegebenen Regel
mit der Übertragung eines Synchronisationssignals
über die Kommunikationsleitung in dem Schlitz mit
der vorgegebenen Zeitdauer zu beginnen, und wo-
bei, wenn die Relaisvorrichtung die erste Relaisvor-
richtung ist, die das Synchronisationssignal übertra-
gen hat, die Relaisvorrichtung dafür konfiguriert ist,
anschließend als die Master-Relaisvorrichtung zu
funktionieren.

4. Synchronisationsverfahren in einem Relaissystem,
das mehrere Relaisvorrichtungen aufweist, die über
eine Kommunikationsleitung miteinander verbun-
den sind und denen jeweilige eindeutige Relaiska-
näle zugewiesen sind, wobei die mehreren Relais-
vorrichtungen eine Master-Relaisvorrichtung auf-
weisen, die ein Synchronisierungssignal über die
Kommunikationsleitung in einem Schlitz mit einer

vorgegebenen Zeitdauer überträgt und Information
über sich selbst über die Kommunikationsleitung
synchron mit dem Synchronisationssignal in einem
Schlitz überträgt, der von dem Schlitz mit der vorge-
gebenen Zeitdauer verschieden ist, wobei die ande-
ren Relaisvorrichtungen Slave-Relaisvorrichtungen
sind, die das Synchronisationssignal über die Kom-
munikationsleitung in dem Schlitz mit der vorgege-
benen Zeitdauer erhalten und die Information über
sich selbst über die Kommunikationsleitung syn-
chron mit dem Synchronisationssignal in jeweiligen
Schlitzen übertragen, die von dem Schlitz mit der
vorgegebenen Zeitdauer verschieden sind, wobei je-
de Relaisvorrichtung Steuerinformation, die basie-
rend auf über die Kommunikationsleitung erhaltener
Information erzeugt wird, drahtlos an ein drahtloses
Endgerät überträgt, um einen Relaiskanal für das
drahtlose Endgerät, das in der entsprechenden Re-
laisvorrichtung registriert ist, für eine Kommunikation
mit einem anderen drahtlosen Endgerät auszuwäh-
len, wobei die Information, die mit der jeweiligen Re-
laisvorrichtung in Beziehung steht und über die Kom-
munikationsleitung in dem der jeweiligen Relaisvor-
richtung zugewiesenen Schlitz übertragen wurde,
unter allen Relaisvorrichtungen geteilt wird,
wobei, wenn ein Zustand erfasst wird, in dem kein
Synchronisationssignal über die Kommunikations-
leitung übertragen wird, jede der Relaisvorrichtun-
gen gemäß einer vorgegebenen Regel mit dem
Übertragen eines Synchronisationssignals über die
Kommunikationsleitung in dem Schlitz mit der vor-
gegebenen Zeitdauer beginnt, und wobei die erste
Relaisvorrichtung, die das Synchronisationssignal
übertragen hat, anschließend als die Master-Relais-
vorrichtung dient.

Revendications

1. Système de relais comprenant une pluralité de dis-
positifs de relais qui sont connectés les uns aux
autres par l’entremise d’une ligne de communication
et auxquels sont alloués des canaux de relais uni-
ques respectifs, chaque dispositif de relais étant con-
figuré pour transmettre sans fil une information de
commande générée sur la base d’une information
obtenue à partir de la ligne de communication vers
un dispositif terminal sans fil afin de choisir un canal
de relais pour le dispositif terminal sans fil enregistré
dans le dispositif de relais respectif dans le but de
communiquer avec un autre dispositif terminal sans
fil, où
la pluralité de dispositifs de relais comprend un dis-
positif de relais maître qui est configuré pour trans-
mettre un signal de synchronisation sur la ligne de
communication dans une fenêtre d’une durée pré-
déterminée et qui est configuré pour communiquer
sur la ligne de communication en synchronisation
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avec le signal de synchronisation, où les autres dis-
positifs de relais autres que celui servant de dispositif
de relais maître sont configurés pour servir de dis-
positifs de relais esclaves en obtenant le signal de
synchronisation par la ligne de communication dans
la fenêtre de durée prédéterminée et en communi-
quant par la ligne de communication en synchroni-
sation avec le signal de synchronisation, où
le système relais est en outre configuré de telle ma-
nière qu’une fenêtre pour transmettre une informa-
tion par elle-même est allouée au dispositif de relais
maître et à chacun des dispositifs de relais esclaves,
où ces fenêtres sont différentes de la fenêtre pour
transmettre le signal de synchronisation, où l’infor-
mation qui concerne un dispositif de relais respectif
et qui a été transmise par la ligne de communication
dans la fenêtre allouée pour le dispositif de relais
respectif est partagée parmi tous les dispositifs de
relais, et où
chacun des dispositifs de relais est configuré pour
détecter un état dans lequel aucun signal de syn-
chronisation n’est transmis sur la ligne de commu-
nication, un dispositif de relais parmi les dispositifs
de relais esclaves est configuré pour, lorsque l’état
se maintient, démarrer la transmission d’un signal
de synchronisation en relation avec une règle pré-
déterminée sur la ligne de communication dans la
fenêtre de durée prédéterminée, et ensuite pour ser-
vir de dispositif de relais maître.

2. Système de relais selon la revendication 1, dans le-
quel, lors de la détection d’un état dans lequel aucun
signal de synchronisation n’est transmis sur la ligne
de communication, chacun des dispositifs de relais
est configuré pour transmettre un signal de synchro-
nisation en relation avec une règle prédéterminée
qui est un rythme de sortie différent pour les diffé-
rents dispositifs de relais, respectivement.

3. Dispositif de relais qui est configuré pour être con-
necté à un autre dispositif de relais par une ligne de
communication et pour être alloué à un canal de re-
lais unique, le dispositif de relais étant configuré pour
transmettre sans fil une information de commande
générée sur la base d’une information obtenue à par-
tir de la ligne de communication vers un dispositif
terminal sans fil afin de choisir un canal de relais
pour le dispositif terminal sans fil enregistré dans le
dispositif de relais respectif pour communiquer avec
un autre dispositif terminal sans fil, le dispositif de
relais étant configuré pour :

une fonction en tant que dispositif de relais maî-
tre qui transmet un signal de synchronisation
par la ligne de communication dans une fenêtre
de durée prédéterminée et qui communique une
information par lui même sur la ligne de com-
munication en synchronisation avec le signal de

synchronisation dans une fenêtre qui est diffé-
rente de la fenêtre pour la transmission du signal
de synchronisation pour partager tous les autres
dispositifs de relais auxquels il est connecté ;
et
une fonction en tant que dispositif de relais es-
clave qui obtient un signal de synchronisation
par la ligne de communication dans la fenêtre
de durée prédéterminée et qui communique une
information par lui même sur la ligne de com-
munication en synchronisation avec le signal de
synchronisation dans une fenêtre qui est diffé-
rente de la fenêtre pour la transmission du signal
de synchronisation à partager avec tous les
autres dispositifs de relais auxquels il est con-
necté,
où, lors de la détection d’un état dans lequel
aucun signal de synchronisation n’est transmis
par la ligne de communication, le dispositif de
relais est configuré pour démarrer la transmis-
sion d’un signal de synchronisation en relation
avec une règle prédéterminée sur la ligne de
communication dans la fenêtre de durée prédé-
terminée, et lorsque le dispositif de relais est le
premier dispositif de relais qui a transmis le si-
gnal de synchronisation, le dispositif de relais
est configuré pour fonctionner en tant que dis-
positif de relais maître par la suite.

4. Procédé de synchronisation dans un système de re-
lais comprenant une pluralité de dispositifs de relais
qui sont connectés les uns aux autres par une ligne
de communication et auxquels sont alloués des ca-
naux de relais uniques respectifs, la pluralité des dis-
positifs de relais comprenant un dispositif de relais
maître qui transmet un signal de synchronisation sur
la ligne de communication dans une fenêtre d’une
durée prédéterminée et qui communique une infor-
mation par lui même sur la ligne de communication
en synchronisation avec le signal de synchronisation
dans une fenêtre qui est différente de la fenêtre de
durée prédéterminée, où les autres dispositifs de re-
lais sont des dispositifs de relais esclaves qui ob-
tiennent le signal de synchronisation par la ligne de
communication dans la fenêtre de durée prédéter-
minée et qui communiquent une information par eux-
mêmes sur la ligne de communication en synchro-
nisation avec le signal de synchronisation dans des
fenêtres respectives qui sont différentes de la fenêtre
de durée prédéterminée, chaque dispositif de relais
transmettant sans fil une information de commande
générée sur la base d’une information obtenue à par-
tir de la ligne de communication vers un dispositif
terminal sans fil afin de choisir un canal de relais
pour le dispositif terminal sans fil enregistré dans le
dispositif de relais respectif dans le but de commu-
niquer avec un autre dispositif terminal sans fil, où
l’information qui concerne un dispositif de relais res-
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pectif et qui a été transmise par la ligne de commu-
nication dans la fenêtre allouée pour le dispositif de
relais respectif est partagée parmi tous les dispositifs
de relais,
où, lors de la détection d’un état dans lequel aucun
signal de synchronisation n’est transmis sur la ligne
de communication, chacun des dispositifs de relais
démarre la transmission d’un signal de synchronisa-
tion en relation avec une règle prédéterminée sur la
ligne de communication dans la fenêtre de durée
prédéterminée, et le premier dispositif de relais qui
a transmis le signal de synchronisation sert de dis-
positif de relais maître par la suite.
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