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(54)
SYSTEM IN WHICH SAME IS USED

(57)  Aslave (10) for an automatic fire alarm system
(A1) electrically connected to a pair of electric wires to
which a voltage is applied includes a storage (17), acom-
municator (14) and a processor (19). The storage (17)
stores identification information unique to the slave. The
communicator (14) receives a synchronization signal
transmitted from a master (20) in order to synchronize
with another slave (10), the synchronization signal being
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a signal indicated by a change in the voltage applied to
the pair of electric wires. The processor (19) performs a
fire detection operation by using a consumption current
supplied from the master (20) in an operation time slot
allocated according to the identification information
stored in the storage (17) when the communicator (14)
receives the synchronization signal.
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Description
TECHNICAL FIELD

[0001] The present invention generally relates to a
slave for an automatic fire alarm system, and an auto-
matic fire alarm system using the same, and more par-
ticularly to, for example, a slave for an automatic fire
alarm system that is electrically connected to a master
via a pair of electric wires, and an automatic fire alarm
system using the same.

BACKGROUND ART

[0002] As a conventional automatic fire alarm system
(auto fire alarm system), there is a proprietary-type (P-
type) automatic fire alarm system. The P-type automatic
fire alarm system is configured to detect the occurrence
of a fire by using a slave that is a heat sensor, a smoke
sensor, a flame sensor or the like, and issue a notification
of the occurrence of a fire from the slave to a master that
is a receiving apparatus.

[0003] The P-type automatic fire alarm system issues
a notification of the occurrence of a fire to the master that
is a receiving apparatus as a result of the pair of electric
wires being electrically short-circuited by the slave.
[0004] As an automatic fire alarm system, there is also
a system having a cooperation function with other appa-
ratuses such as a smoke prevention and discharge fa-
cility and an emergency broadcasting facility. In this type
of automatic fire alarm system, the slave has a function
of generating a cooperation notification for causing other
apparatuses to work in cooperation, and the master ex-
ecutes the cooperative working with other apparatuses
by receiving the cooperation notification from the slave.
[0005] Patent Literature (PTL) 1, for example, disclos-
es a P-type automatic fire alarm system having a config-
uration in which a plurality of fire sensors, which are
slaves, are connected to a plurality of sensor lines drawn
from a fire signal receiving apparatus, which is the master
of the P-type automatic fire alarm system. With the au-
tomatic fire alarm system disclosed in PTL 1, the slaves
each perform a fire detection operation by using power
supplied from the fire signal receiving apparatus, and out-
putafire notification to the master upon detection of a fire.

Citation List
Patent Literature

[0006] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2002-8154

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0007] Usually, a plurality of slaves provided in a P-
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type automatic fire alarm system each perform a fire de-
tection operation at a predetermined periodic time period
based on a clock source provided in the slave. For this
reason, there is a possibility that the plurality of slaves
may perform a fire detection operation in the same time
slot. If such a case arises, power is intensively required
in that time slot by the plurality of slaves to perform their
operation, and thus a large amount of electric current
flows through the pair of electric wires in the time slot. In
such a situation, the master may erroneously detect a
fire notification due to a change in the electric current
consumption.

[0008] Accordingly, the present invention has been
made in view of the problem described above, and it is
an object of the present invention to provide a slave for
an automatic fire alarm system with which it is possible
to suppress an increase in the electric current consumed
in the same time slot, and an automatic fire alarm system
using such a slave.

SOLUTION TO PROBLEM

[0009] To address the problem described above, a
slave for an automatic fire alarm system according to an
aspect of the presentinvention is a slave for an automatic
fire alarm system electrically connected to a pair of elec-
tricwires towhich avoltage is applied, the slave including:
a storage that stores identification information unique to
the slave; a communicator that receives a synchroniza-
tion signal transmitted from a master in order to synchro-
nize with another slave, the synchronization signal being
a signal indicated by a change in the voltage applied to
the pair of electric wires; and a processor that performs,
by using power supplied from the master, a fire detection
operation in an operation time slot allocated according
to the identification information stored in the storage
when the communicator receives the synchronization
signal.

[0010] An automatic fire alarm system according to an
aspect of the present invention includes: the slave as
described above; and the master that applies a voltage
to the pair of electric wires.

ADVANTAGEOUS EFFECT OF INVENTION

[0011] With a slave for an automatic fire alarm system
and an automatic fire alarm system using such a slave
that are configured as described above, it is possible to
suppress an increase in the electric current consumed
in the same time slot.

BRIEF DESCRIPTION OF DRAWINGS
[0012]
FIG. 1 is a diagram illustrating a schematic configu-

ration of an automatic fire alarm system according
to Embodiment 1.
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FIG. 2 is a diagram illustrating an overall configura-
tion of the automatic fire alarm system according to
Embodiment 1.

FIG. 3 is a diagram illustrating a configuration of a
transmitter circuit included in a slave according to
Embodiment 1.

FIG. 4 is a flowchart illustrating the operations of the
slave according to Embodiment 1.

FIG. 5A is a diagram illustrating the allocation of op-
eration time slots according to Embodiment 1.

FIG. 5B is a diagram illustrating the allocation of op-
eration time slots according to Embodiment 1.

FIG. 6is adiagrami illustrating changes in the electric
currentdrawn by the slave according to Embodiment
1.

FIG. 7 is a flowchart illustrating the operations of a
slave according to Embodiment 2.

FIG. 8A is a diagram illustrating the allocation of op-
eration time slots and response time slots according
to Embodiment 2.

FIG. 8B is a diagram illustrating the allocation of op-
eration time slots and response time slots according
to Embodiment 2.

FIG. 9is adiagramiillustrating changes in the electric
current drawn by the slave according to Embodiment
2.

FIG. 10 is a flowchart illustrating the operations of a
slave according to Embodiment 3.

FIG. 11A is a diagram illustrating the allocation of
operation time slots and response time slots accord-
ing to Embodiment 3.

FIG. 11B is a diagram illustrating the allocation of
operation time slots and response time slots accord-
ing to Embodiment 3.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0013] Hereinafter, a slave for an automatic fire alarm
system according to embodiments of the present inven-
tion and an automatic fire alarm system using the same
will be described in detail with reference to the drawings.
Note that the embodiments described below show pre-
ferred specific examples of the present invention. Ac-
cordingly, the numerical values, shapes, materials, struc-
tural elements, the arrangement and connection of the
structural elements, steps, the order of the steps, and
the like shown in the following embodiments are merely
examples, and therefore do not limit the scope of the
present invention. Accordingly, among the structural el-
ements described in the following embodiments, struc-
tural elements not recited in any one of the independent
claims are described as arbitrary structural elements.
[0014] In addition, the diagrams are schematic repre-
sentations, and thus are not necessarily true to scale.
Also, in the diagrams, structural elements that are the
same are given the same reference numerals.
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1. EMBODIMENT 1

[0015] Hereinafter, automatic fire alarm system A1 ac-
cording to the present embodiment will be described.

1.1 Overview

[0016] AsshowninFIG. 1, automaticfire alarm system
A1according to the presentembodimentincludes atleast
one slave 10 and one master 20.

[0017] Master 20 includes applicator 21 that applies a
voltage to a pair of electric wires 51 and 52.

[0018] Slave 10 is electrically connected to the pair of
electric wires 51 and 52, and slave 10 includes commu-
nicator 14, storage 17 and processor 19.

[0019] Storage 17 stores identification information that
is unique to slave 10.

[0020] Communicator 14 receives a synchronization
signal transmitted from master 20 in order to synchronize
with another slave 10, the synchronization signal being
a signal indicated by a change in the voltage applied to
the pair of electric wires 51 and 52.

[0021] In response to communicator 14 receiving the
synchronization signal, processor 19 performs a fire de-
tection operation in an operation time slot allocated ac-
cording to the identification information stored in storage
17.

[0022] That is to say, each slave 10 included in auto-
matic fire alarm system A1 according to the present em-
bodiment performs a fire detection operation in an oper-
ation time slot allocated thereto.

[0023] For this reason, with automatic fire alarm sys-
tem A1 according to the present embodiment, the
number of slaves 10 that perform a fire detection opera-
tion in the same time slot can be limited, and therefore
automatic fire alarm system A1 according to the present
embodiment is advantageous in that it is possible to sup-
press an increase in the power consumed in the same
time slot, or in other words, suppress an increase in the
electric current consumed in the same time slot.

[0024] Hereinafter, automatic fire alarm system A1 ac-
cording to the present embodiment will be described in
detail. It is to be noted, however, that the configuration
described below is merely an example of the present
invention, and the present invention is not limited to the
embodiments described below, and therefore various
modifications other than the embodiments described be-
low can be made according to the design or the like with-
out departing from the technical concept of the present
invention.

1.2 Overall Configuration

[0025] In the present embodiment, an example will be
described in which automatic fire alarm system A1 is used
in a collective housing (apartment), but the application
of automatic fire alarm system A1 is not limited to a col-
lective housing, and automatic fire alarm system A1 is
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also applicable to various types of buildings such as, for
example, a commercial facility, a hospital, a hotel and a
multi-tenant building.

[0026] AsshowninFIG. 2, in automatic fire alarm sys-
tem A1 according to the presentembodiment, one master
20 and a plurality of slaves B1, B2, B3... are provided for
one collective housing 60. Hereinafter, the plurality of
slaves B1, B2, B3... will be collectively referred to simply
as "slave 10" unless it is necessary to make a distinction
therebetween.

[0027] Furthermore, in automatic fire alarm system A1,
a pair of electric wires 51 and 52 is provided in each of
the firstto fourth floors. In short, four pairs of electric wires
51 and 52 are provided in the entirety of collective hous-
ing 60, with a set of two (two-wire type) electric wires 51
and 52 being treated as one pair. In this example, a max-
imum of 40 to 80 slaves 10 can be connected to each
pair of electric wires 51 and 52. Furthermore, in one mas-
ter 20, a maximum of 50 to 200 lines (50 to 200 pairs of
electric wires 51 and 52) can be connected. Accordingly,
for example, in the case where it is possible to connect
a maximum of 40 slaves 10 to each pair of electric wires
51 and 52, anditis possible to, in one master 20, connect
a maximum of 50 lines (50 pairs of electric wires 51 and
52), a maximum of 2000 (= 40 X 50) slaves 10 can be
connected to one master 20. Note that the numerical val-
ues given above are merely examples, and the present
invention is not limited to the numerical values given
above.

[0028] Also, in a terminal end of one pair of electric
wires 51 and 52 (the end that is positioned opposite to
master 20), the pair of electric wires 51 and 52 are elec-
trically connected via terminating resistor 40. For this rea-
son, master 20 can detect a disconnection between the
pair of electric wires 51 and 52 by monitoring the electric
current flowing through the pair of electric wires 51 and
52. However, terminating resistor 40 is not a required
constituent element, and thus may be omitted.

[0029] Automaticfire alarm system A1 is basically con-
figured such that slave 10 that is a heat sensor, a smoke
sensor, a flame sensor or the like detects the occurrence
of a fire, and a notification of the occurrence of the fire
(fire notification) is issued from slave 10 to master 20 that
is a receiving apparatus. However, slave 10 is not limited
to a sensor that detects the occurrence of a fire, and may
include a signal transmitter and the like. The signal trans-
mitter is an apparatus that has a push button switch (not
shown), and in response to the push button switch being
manually operated by a person having found afire, issues
a notification of the occurrence of the fire (fire notification)
to master 20.

[0030] Also, automatic fire alarm system A1 has a co-
operation function of causing another apparatus 30 such
as a smoke prevention and discharge facility or an emer-
gency broadcasting facility to work in cooperation in re-
sponse to master 20 receiving a notification (cooperation
notification) for causing another apparatus 30 to work in
cooperation from slave 10. Accordingly, in the event of
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the occurrence of a fire, automatic fire alarm system A1
can control a fire door of the smoke prevention and dis-
charge facility or inform the occurrence of the fire by
sound or voice by using the emergency broadcasting fa-
cility.

[0031] Another apparatus 30 is capable of performing
communication with master 20 by way of, for example,
a wired connection, and works in cooperation with auto-
matic fire alarm system A1 upon receiving an instruction
from master 20. As used herein, another apparatus 30
includes various apparatuses such as a smoke preven-
tion and discharge facility (a fire door, a smoke discharge
facility and the like), an emergency broadcasting facility,
an external alarming apparatus, and a fire extinguishing
facility (a sprinkler and the like), and thus is not limited
to a particular apparatus (facility). The external alarming
apparatus refers to an apparatus that reports an alarm
to an external party concerned, a fire department, a se-
curity company and the like.

[0032] As a commonly used automatic fire alarm sys-
tem, there is a proprietary-type (P-type) system. The P-
type automatic fire alarm system issues a notification of
the occurrence of a fire to a master as a result of a pair
of electric wires being electrically short-circuited by a
slave.

[0033] Automaticfire alarm system A1 according to the
present embodiment is basically a P-type automatic fire
alarm system. To be more specific, the present embod-
iment will be described based on the assumption that in
acollective housing in which a P-type automatic fire alarm
system has already been installed, the receiving appa-
ratus (master 20) and slaves (slaves 10) are replaced
while the existing lines (electric wires 51 and 52) are used
without being replaced. Automatic fire alarm system A1
according to the present embodiment may be used as a
newly introduced automatic fire alarm system.

1.3 Configuration of Master 20

[0034] In the present embodiment, master 20 is a P-
type receiving apparatus that receives, from slave 10, a
notification of the occurrence of a fire (fire notification)
and a notification for causing another apparatus 30 to
work in corporation (cooperation notification). Master 20
is installed in, for example, an administration office of a
building (collective housing 60).

[0035] As shown in FIG. 1, master 20 includes, in ad-
ditionto applicator 21, resistor 22, receiver 23, transmitter
24, display 25 that displays various types of information,
operator 26 that receives an input of an operation from
a user, and processor 27 that controls the constituent
elements.

[0036] Resistor 22 is connected between applicator 21
and at least one of the pair of electric wires 51 and 52.
In the example shown in FIG. 1, resistor 22 is interposed
between applicator 21 and electric wire 51, which is one
(high potential side) of the pair of electric wires 51 and
52. However, the present invention is not limited thereto,
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and resistor 22 may be interposed between applicator
21 and electric wire 52, which is the other one (low po-
tential side) of the pair of electric wires 51 and 52, or may
be interposed between applicator 21 and each of the pair
of electric wires 51 and 52.

[0037] Receiver 23 receives a voltage signal produced
by converting an electric current signal from slave 10 to
a voltage change on the pair of electric wires 51 and 52
by a voltage drop by resistor 22.

[0038] Transmitter 24 regularly transmits a synchroni-
zation signal to slave 10.

[0039] Upon receiving a notification of the occurrence
of a fire (fire notification) from slave 10, master 20 dis-
plays the location of the fire and the like on display 25.
[0040] Processor 27 is composed mainly of a micro-
controller (microcomputer), and implements a desired
function by executing a program stored in a memory (not
shown). The program may be written into the memory in
advance, or may be provided by being stored in a storage
medium such as a memory card. To be specific, proces-
sor 27 controls transmitter 24 to transmit a transmission
signal and a synchronization signal.

[0041] Also, master 20 includes cooperator 28 for
causing another apparatus 30 to work in corporation.
With this configuration, upon receiving a cooperation no-
tification from slave 10, master 20 canissue aninstruction
from cooperator 28 to another apparatus 30 so as to
cause another apparatus 30 to work in cooperation.
[0042] As described above, master 20 functions as a
power supply for operating the entirety of automatic fire
alarm system A1 including slave 10 connected to the pair
of electric wires 51 and 52, by applicator 21 applying a
voltage to the pair of electric wires 51 and 52. Here, as
an example, the voltage applied to the pair of electric
wires 51 and 52 by applicator 21 is a direct current of 24
V, but the present invention is not limited to this value.
[0043] Furthermore, master 20 includes backup power
supply 29 including a storage battery so as to secure
supply of power for operating automatic fire alarm system
A1inthe event of a power failure. Master 20 uses a com-
mercial power supply, an independent power generation
facility or the like (not shown) as the main power supply.
Applicator 21 automatically switches the power supply
source from the main power supply to backup power sup-
ply 29 in the event of a power failure of the main power
supply, and upon recovery from the power failure of the
main power supply, automatically switches from backup
power supply 29 to the main power supply. The specifi-
cations of backup power supply 29 such as capacity are
determined so as to satisfy the standards prescribed by
the ministerial ordinance.

[0044] Also, resistor 22 has two functions: a first func-
tion of converting the electric current signal transmitted
from slave 10 to a voltage signal as described above;
and a second function of limiting the electric current flow-
ing through the pair of electric wires 51 and 52 in the
event that the pair of electric wires 51 and 52 are short-
circuited. In short, resistor 22 has both the first function
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serving as an electric current-to-voltage converting ele-
ment and the second function serving as an electric cur-
rentlimiting element. Here, as an example, the resistance
value of resistor 22 is set to 400 Q or 600 Q, but the
present invention is not limited to this value.

[0045] Receiver 23 and transmitter 24 are electrically
connected between resistor 22 and the pair of electric
wires 51 and 52. However, receiver 23 is not necessarily
connected between resistor 22 and the pair of electric
wires 51 and 52, and may be electrically connected, for
example, between applicator 21 and resistor 22.

[0046] Here, receiver 23 receives the electric current
signal from slave 10 as a voltage signal (voltage change)
on the pair of electric wires 51 and 52. That is, the current
value of the electric current (drawn electric current) drawn
from the pair of electric wires 51 and 52 by slave 10 cor-
responds to the magnitude of the voltage drop by resistor
22, and thus receiver 23 can receive a fire notification or
a cooperation notification from slave 10 as a signal volt-
age. Torephrase it, receiver 23 receives a voltage signal
corresponding to the current value of the drawn electric
current that is drawn by slave 10 as a fire notification or
a cooperation notification.

[0047] Transmitter 24 transmits an electric current sig-
nal, which was generated on the pair of electric wires 51
and 52 as a result of changing the electric current flowing
from the pair of electric wires 51 and 52, to slave 10 as
a synchronization signal. The electric current signal sent
(generated) on the pair of electric wires 51 and 52 by
transmitter 24 is converted to a voltage signal by the volt-
age drop by resistor 22, and slave 10 receives the voltage
signal as a synchronization signal from master 20. To
rephrase it, the voltage change (voltage signal) generat-
ed on the pair of electric wires 51 and 52 when transmitter
24 changes the electric current flowing from the pair of
electric wires 51 and 52 is received by slave 10 as a
voltage signal.

1.4 Configuration of Slave 10

[0048] Slave 10 includes diode bridge 11, power sup-
ply circuit 12, sensor 13, communicator 14, storage 17,
determiner 18, and processor 19.

[0049] In diode bridge 11, the pair of electric wires 51
and 52 is electrically connected to its input terminal side,
and power supply circuit 12 and communicator 14 are
electrically connected to its output terminal side. Power
supply circuit 12 generates power for operating slave 10
from the power on the pair of electric wires 51 and 52.
Sensor 13 detects the occurrence of a fire.

[0050] Communicator 14 includes transmitter circuit15
and receiver circuit 16.

[0051] Transmitter circuit 15 transmits, to master 20,
the current value of the electric current (drawn electric
current) drawn from the pair of electric wires 51 and 52
as an electric current signal. The electric current signal
sent (generated) on the pair of electric wires 51 and 52
by transmitter circuit 15 is converted to a voltage signal
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by the voltage drop by resistor 22, and master 20 receives
the voltage signal as a signal from slave 10. To rephrase
it, by transmitter circuit 15 adjusting the current value of
the drawn electric current that is drawn from the pair of
electric wires 51 and 52, a voltage signal corresponding
to the current value is received by master 20.

[0052] FIG. 3 shows a specific example of transmitter
circuit 15. That is, as shown in FIG. 3, transmitter circuit
15 includes first drawer 151 and second drawer 152, and
each of first drawer 151 and second drawer 152 draws
an electric current.

[0053] First drawer 151 includes a series circuit that is
composed of semiconductor device 153, resistor 154 and
light emitting diode (LED) 155 that are electrically con-
nected between a pair of output terminals of diode bridge
11. Second drawer 152 includes a series circuit that is
composed of semiconductor device 156 and resistor 157
that are electrically connected between the pair of output
terminals of diode bridge 11.

[0054] In this example, semiconductor devices 153
and 156 are npn-type transistors, and their collectors are
electrically connected to a high potential-side output ter-
minal of diode bridge 11. Furthermore, the emitter of sem-
iconductor device 153 is electrically connected to a circuit
ground (a low potential-side output terminal of diode
bridge 11) via resistor 154 and light emitting diode 155.
The emitter of semiconductor device 156 is electrically
connected to the circuit ground (the low potential-side
output terminal of diode bridge 11) via resistor 157. The
base of each of semiconductor devices 153 and 156 is
electrically connected to processor 19, which will be de-
scribed later. Semiconductor devices 153 and 156 are
not limited to npn-type transistors, and may be, for ex-
ample, pnp-type transistors.

[0055] With this configuration, transmitter circuit 15
causes first drawer 151 to draw an electric current when
semiconductor device 153 is turned on by processor 19,
and causes second drawer 152 to draw an electric current
when semiconductor device 156 is turned on by proces-
sor 19. Accordingly, transmitter circuit 15 can change the
current value of the drawn electric current between when
only first drawer 151 draws an electric current and when
both first drawer 151 and second drawer 152 draw an
electric current.

[0056] Furthermore, the current value of the electric
current drawn by first drawer 151 can be switched in two
stages by switching a base current of semiconductor de-
vice 153 in two stages. Likewise, the current value of the
electric current drawn by second drawer 152 can be
switched in two stages by switching a base current of
semiconductor device 156 in two stages. In the present
embodiment, as described above, transmitter circuit 15
can adjust the current value in a total of four stages: two
stages atfirstdrawer 151 and two stages at second draw-
er 152. The following description will be given based on
the assumption that slave 10 can gradually increase the
current value of the drawn electric current in four stages
by transmitter circuit 15 switching the current value of the
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drawn electric current.

[0057] Whenfirstdrawer 151 draws an electric current,
transmitter circuit 15 can illuminate light emitting diode
155. Light emitting diode 155 is disposed in a position
viewable from the outside of slave 10, and has a function
of informing, by illumination, that slave 10 is in a fire no-
tifying state.

[0058] Receivercircuit 16 receives the synchronization
signal from master 20 as a voltage signal (voltage
change) on the pair of electric wires 51 and 52. That is,
the electric current signal sent (generated) on the pair of
electric wires 51 and 52 by master 20 is converted to a
voltage signal by the voltage drop by resistor 22, and
thus receiver circuit 16 receives the voltage signal as the
synchronization signal from master 20. To rephrase it,
the voltage change (voltage signal) generated on the pair
of electric wires 51 and 52 when master 20 changes the
electric current flowing from the pair of electric wires 51
and 52 is received by receiver circuit 16 as a voltage
signal.

[0059] Storage 17 stores at least identification infor-
mation (address) allocated in advance to slave 10. That
is, unique identification information is allocated to each
of the plurality of slaves B1, B2, B3.... The identification
information of each of the plurality of slaves B1, B2, B3...
is associated with the installation location (for example,
room number) thereof, and registered in master 20.
[0060] Also, storage 17 stores decision conditions
based on which determiner 18 decides an operational
state (fire notifying state, cooperation notifying state).
The decision conditions can be, for example, a threshold
value set for the output of sensor 13. The identification
information allocated in advance to slave 10 and the de-
cision conditions may be stored in the same storage 17.
Alternatively, a plurality of storages 17 may be provided
so as to store the identification information and the deci-
sion conditions in separate storages 17, respectively.
[0061] Determiner 18 decides an operational state in-
cluding two states: a fire notifying state and a cooperation
notifying state. To be specific, determiner 18 reads the
output (sensor value) of sensor 13 and decides the op-
erational state by comparing with the decision conditions
stored in storage 17. In the present embodiment, as an
example of the decision conditions, if the read sensor
value exceeds a first threshold value, determiner 18 de-
cides that the operational state is a fire notifying state. If
the read sensor value exceeds a second threshold value
(> first threshold value), determiner 18 decides that the
operational state is a cooperation notifying state. Note,
however, that determiner 18 starts comparison between
the sensor value and the second threshold value after,
for example, the fire notifying state has been decided, so
that determiner 18 can decide a cooperation notifying
state after the fire notifying state has been decided. The
decision conditions described above are merely exam-
ples, and can be changed as appropriate.

[0062] In the present embodiment, determiner 18 de-
cides in which of three states (fire notifying state, coop-
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eration notifying state, non-notification state) including a
non-notification state (normal state) that is different from
the fire notifying state and the cooperation notifying state
the current operational state is in. The operational state
decided by determiner 18is not limited to the three states,
and may be two states including the fire notifying state
and the cooperation notifying state, or may be four states
or more.

[0063] Processor 19 controls transmitter circuit 15 and
receiver circuit 16 so as to adjust the current value of the
drawn electric current according to the output of sensor
13, thereby to transmit an electric current signal from
transmitter circuit 15 or receive a synchronization signal
from master 20 at receiver circuit 16. In this example,
processor 19 is composed mainly of a microcontroller
(microcomputer), and implements a desired function by
executing a program stored in a memory (not shown).
The program may be written into the memory in advance,
or may be provided by being stored in a storage medium
such as a memory card.

[0064] In response to receiver circuit 16 receiving the
synchronization signal, processor 19 starts a fire detec-
tion operation in an operation time slot allocated accord-
ing to the identification information of slave 10 by using
power for operation generated by power supply circuit
12. To be specific, in the operation time slot allocated
according to the identification information of slave 10,
processor 19 causes determiner 18 to read the sensor
value and start to decide the state, and controls trans-
mitter circuit 15 according to the result of decision made
by determiner 18 so as to control the current value of the
drawn electric current. As described above, if determiner
18 decides that the operational state is a fire notifying
state, processor 19 adjusts the current value of the drawn
electric current to a predetermined fire notification level
so as to generate a fire notification. If determiner 18 de-
cides that the operational state is a cooperation notifying
state, processor 19 adjusts the current value of the drawn
electric current to a predetermined cooperation notifica-
tion level so as to generate a cooperation notification. As
used herein, the cooperation notification level is a value
(current value) that is different from the fire notification
level, and in the present embodiment, is a current value
that is greater than the fire notification level (cooperation
notification level > fire notification level).

[0065] Furthermore, in the present embodiment, if a
predetermined waiting time elapses after processor 19
has adjusted the current value of the drawn electric cur-
rent to a predetermined fire notification level, processor
19 transmits a transmission signal representing trans-
mission data from transmitter circuit 15. To be specific,
processor 19 transmits the transmission signal from
transmitter circuit 15 by increasing or decreasing the cur-
rent value of the drawn electric current between two val-
ues of a first level and a second level. As used herein,
the transmission data is, for example, the identification
information of slave 10.

[0066] Itis assumed here that the first level is equiva-
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lent to the fire notification level, and the second level is
a value that is greater than the fire notification level and
is smaller than the cooperation notification level (fire no-
tification level = first level < second level < cooperation
notificationlevel). Inshort, slave 10increases or decreas-
es the current value of the drawn electric current relative
to the fire notification level, and thus can transmit the
transmission signal during the fire notifying state.
[0067] With this configuration, if a fire occurs and it is
decided that the operational state is a fire notifying state,
slave 10 generates a fire notification by adjusting the cur-
rent value of the drawn electric current to the fire notifi-
cation level. Then, if it is decided that the operational
state is a cooperation notifying state, slave 10 generates
a cooperation notification by adjusting the current value
of the drawn electric current to the cooperation notifying
level. Furthermore, in the fire notifying state, slave 10
transmits a transmission signal representing the identifi-
cation information by increasing or decreasing the cur-
rent value of the drawn electric current between the first
level (fire notification level) and the second level.
[0068] In the present embodiment, slave 10 transmits
data including at least the identification information
stored in storage 17 to master 20 through communication
using a transmission signal. For this reason, after a fire
notification is received from slave 10, master 20 can iden-
tify slave 10 serving as the notification source that issued
the notification based on the identification information in-
dicated by the transmission signal.

[0069] In the present embodiment, determiner 18 and
processor 19 are configured as separate components.
However, the presentinvention is not limited thereto, and
determiner 18 and processor 19 may together form one
component.

1.5 Operation

[0070] Hereinafter, the operations of automatic fire
alarm system A1 according to the present embodiment
will be described with reference to FIG. 4. FIG. 4 is a
flowchart illustrating the operations of slave 10.

[0071] First, in a non-notification state (normal state),
master 20 applies a constant voltage (for example, a di-
rect current of 24 V) from applicator 21 to the pair of
electric wires 51 and 52.

[0072] Processor 19 of slave 10 decides whether or
not receiver circuit 16 has received a synchronization
signal transmitted from master 20 (step S5).

[0073] If it is decided that receiver circuit 16 has re-
ceived a synchronization signal (Yes in step S5), proc-
essor 19 decides whether or not an operation time slot
corresponding to the identification information of slave
10 has arrived (step S10).

[0074] If it is decided that the operation time slot has
arrived (Yes in step S10), processor 19 starts a fire de-
tection operation by using power for operation generated
by power supply circuit 12.

[0075] Hereinafter, the fire detection operation will be
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described.

[0076] Determiner 18 reads a sensor value (step S15)
and decides whether or not the operational state is a fire
notifying state (step S20). In the non-notification state,
basically, slave 10 does not draw an electric current, and
thus the current value of the drawn electric current is 0
(zero). For this reason, if slave 10 that is performing the
fire detection operation is in the non-notification state,
the electric current flowing through the pair of electric
wires 51 and 52 is a total of the electric current flowing
through terminating resistor 40 and the electric current
required to operate slave 10. Accordingly, the possibility
that master 20 may erroneously detect a fire notification
in the non-notification state due to the current value of
the electric current flowing through the pair of electric
wires 51 and 52 is low.

[0077] If determiner 18 decides that the operational
state is a fire notifying state (Yes in step S20), processor
19 increases and adjusts the current value of the drawn
electric current to a fire notification level (step S25). As
aresult, a fire notification is generated.

[0078] If a predetermined waiting time elapses from
the point in time at which the current value of the drawn
electric current was increased, processor 19 transmits a
transmission signal representing the identification infor-
mation of slave 10 from transmitter circuit 15 (step S30).
As a result, slave 10 can transmit the identification infor-
mation thereof to master 20.

[0079] After that, determiner 18 reads a sensor value
(step S35) and decides whether or not the operational
state is a cooperation notifying state (step S40).

[0080] If it is decided that the operational state is a
cooperation notifying state (Yes in step S40), processor
19 increases and adjusts the current value of the drawn
electric current to a cooperation notification level (step
S45).

[0081] After havingincreased and adjusted the current
value of the drawn electric current to a cooperation noti-
fication level, processor 19 decides whether or not the
operation time slot has ended (step S50). If it is decided
that the operation time slot has ended (Yes in step S50),
processor 19 returns to step S5 and waits for reception
of a synchronization signal.

[0082] If it is decided that the operational state is not
a fire notifying state (No in step S20), processor 19 de-
cides whether or not the operation time slot has ended
(step S60). Ifitis decided that the operation time slot has
ended (Yes in step S60), processor 19 returns to step
S5 and waits for reception of a synchronization signal. If
it is decided that the operation time slot has not ended
(No in step S60), the processing returns to step S15,
where determiner 18 reads a sensor value.

[0083] If it is decided that the operational state is not
a cooperation notifying state (No in step S40), processor
19 decides whether or not the operation time slot has
ended (step S65). If it is decided that the operation time
slot has ended (Yes in step S65), processor 19 returns
to step S5 and waits for reception of a synchronization
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signal. If it is decided that the operation time slot has not
ended (No in step S65), the processing returns to step
S35, where determiner 18 reads a sensor value.

1.6 Specific Example

[0084] The allocation of operation time slots according
to the present embodiment will be described with refer-
ence to FIGS. 5A and 5B.

[0085] In the present embodiment, as shown in FIG.
5A, entire interval (detection operation interval) Ta from
the transmission of a synchronization signal until all of
slaves 10 perform their operation is composed of syn-
chronization signal transmission interval Ta1 and notifi-
cation issuance detection interval Ta2. Notification issu-
ance detection interval Ta2 is composed of operation
time slots T1, T2... and T64 having the same time length.
That s, the time length of notification issuance detection
interval Ta2 is a total length of time of operation time slots
T1, T2... and T64. It is assumed here that there are a
total of 64 slaves 10 including slaves B1, B2... and B64,
and one of operation time slots T1, T2... and T64 is allo-
cated to each slave 10 in one to one correspondence
according to the identification information thereof.
[0086] FIG. 5B is a diagram illustrating a transition of
the fire detection operation. As described above, one op-
eration time slot is allocated to each of 64 slaves 10 in
one to one correspondence. When all of 64 slaves 10
receive a synchronization signal from master 20 in trans-
mission interval Ta1, slave B1 performs a fire detection
operationinoperationtime slot T1, and slave B2 performs
a fire detection operation in operation time slot T2. After
that, in each operation time slot, slave 10 to which the
operation time slot has been allocated sequentially per-
forms a fire detection operation, and in the last operation
time slot T64, slave B64 performs a fire detection oper-
ation. Each slave 10 performs a fire detection operation
in the operation time slot corresponding to the identifica-
tion information thereof, and is in a standby state in op-
eration time slots other than the operation time slot cor-
responding to the identification information thereof. For
example, slave B1 is in a standby state in operation time
slots T2 to T64 other than operation time slot T1 in which
slave B1 performs a fire detection operation. Slave B2 is
in a standby state in operation time slots T1, and T3 to
T64 other than operation time slot T2 in which slave B2
performs a fire detection operation.

[0087] Changes in the electric current drawn by slave
10 in one operation time slot will be described next with
reference to FIG. 6.

[0088] FIG. 6 shows changes in the current value of
the electric current flowing through the pair of electric
wires 51 and 52, with the horizontal axis indicating time
and the vertical axis indicating current value. The interval
(time length) between time t0 and time t5 shown in FIG.
6 is one operation time slot. In FIG. 6, itis assumed that
the current value of the electric current flowing through
the pair of electric wires 51 and 52 can be increased
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gradually in three stages of 1, 12 and 13 from base current
10 (10 < 1 < 12 < 13) by slave 10 switching the current
value of the drawn electric current. As used herein, the
base current is an electric current flowing through slave
10 when slave 10 is in a non-notification state.

[0089] The current value of the electric current flowing
through the pair of electric wires 51 and 52 is basically
"l0" as shown in FIG. 6. In the example shown in FIG. 6,
slave 10 that is in operation is in a non-notification state
during the period between time t0 and time t1.

[0090] When, as aresultoffire detection, slave 10 tran-
sitions from the non-notification state to a fire notifying
state, as shown in FIG. 6, the current value of the electric
current flowing through the pair of electric wires 51 and
52 increases from "10" to "I1". The example shown in
FIG. 6 shows that slave 10 detects a fire notifying state
during the period between time t1 and time t4.

[0091] Furthermore, if a predetermined waiting time
Wa elapses from the point in time at which the current
value increased from "10" to "I1" that is a current value
that indicates a fire notification level, slave 10 transmits
a transmission signal representing transmission data
from transmitter circuit 15 by increasing or decreasing
the current value of the drawn electric current between
two values of the first level and the second level. In the
example shown in FIG. 6, during the period between time
t2 and time t3, slave 10 transmits a transmission signal,
and the current value of the electric current flowing
through the pair of electric wires 51 and 52 fluctuates
between "I1" and "I2".

[0092] After that, when, as a result of decision, slave
10 transitions from the fire notifying state to a cooperation
notifying state, as shown in FIG. 6, the current value of
the electric current flowing through the pair of electric
wires 51 and 52 increases from"[1" to "I3". In the example
shown in FIG. 6, slave 10 is in a cooperation notifying
state during the period between time t4 and time t5.
[0093] In the present embodiment, as an example, it
is assumed that the fire notification level is about 20 mA
to 25 mA, the cooperation notification level is about 40
mA to 45 mA, and the difference between the first level
and the second level when transmitting a transmission
signalis about 13 mAto 18 mA. Also, as anotherexample,
it is possible to assume that the fire notification level is
about 5 mA to 8 mA, the cooperation notification level is
about 15 mA to 20 mA, and the difference between the
first level and the second level when transmitting a trans-
mission signal is about 5 mA to 13 mA.

[0094] Itis also assumed that the time length of detec-
tion operation interval Ta is about one second. In this
case, if the total number of slaves 10 is 64, the operation
time slot allocated to each slave 10 may be about 15
milliseconds.

[0095] However, these specific numerical values are
not intended to limit the scope of the embodiment, and
can be changed as appropriate. For example, in the
presentembodiment, the current value of the drawn elec-
tric current is allowed to vary within a predetermined tol-

10

15

20

25

30

35

40

45

50

55

erance range. As long as the current value is within the
tolerance range, master 20 can distinguish whether the
operational state of slave 10 is a fire notifying state or a
cooperation notifying state.

1.7 Summation

[0096] As described above, slave 10 of automatic fire
alarm system A1 according to the present embodiment
is electrically connected to a pair of electric wires 51 and
52 to which a voltage is applied. Slave 10 includes stor-
age 17, communicator 14 and processor 19. Storage 17
stores identification information that is unique to slave
10, and communicator 14 receives a synchronization sig-
nal transmitted from master 20 in order to synchronize
with another slave 10, the synchronization signal being
a signal indicated by a change in the voltage applied to
the pair of electric wires 51 and 52. In response to com-
municator 14 receiving the synchronization signal, proc-
essor 19 performs a fire detection operation in an oper-
ation time slot allocated according to the identification
information stored in storage 17 by using power supplied
from master 20.

[0097] With this configuration, slave 10 performs a fire
detection operation in the operation time slot allocated
according to the identification information thereof by us-
ing the power supplied from master 20. For this reason,
the power consumed by each slave 10, or in other words,
the electric current consumed by each slave 10 is dis-
persed. Accordingly, in automatic fire alarm system A1
that uses slaves 10, itis possible to suppress anincrease
in the current consumption in the same operation time
slot.

[0098] In this example, communicator 14 includes
transmitter circuit 15 that transmits a signal correspond-
ing to the fire detection operation by changing the electric
current drawn from the pair of electric wires 51 and 52.
In response to a fire detection operation, transmitter cir-
cuit 15 transmits a fire notification signal informing the
occurrence of a fire and a cooperation notification signal
causing another apparatus to work in cooperation. First
current value 11 of the electric current drawn by transmit-
ter circuit 15 from the pair of electric wires when trans-
mitting the fire notification signal and second current val-
ue 13 of the electric current drawn by transmitter circuit
15 from the pair of electric wires when transmitting the
cooperation notification signal may be different.

[0099] With this configuration, slave 10 can transmit a
fire notification and a cooperation notification in a distin-
guished manner.

[0100] In this example, communicator 14 includes
transmitter circuit 15 that transmits a fire notification sig-
nal informing the occurrence of a fire by changing the
electric current drawn from the pair of electric wires 51
and 52 in response to a fire detection operation. Trans-
mitter circuit 15 may further transmit an identification sig-
nal representing the identification information at the point
in time at which a predetermined waiting time elapses
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after the transmission of the fire notification.

[0101] With this configuration, slave 10 transmits a
transmission signal representing the identification infor-
mation at the pointin time at which a predetermined wait-
ing time elapses after the transmission of the fire notifi-
cation, and thus it is possible to notify master 20 of the
transmission source that has transmitted the fire notifi-
cation.

[0102] Automaticfire alarm system A1 accordingto the
present embodiment may include slaves 10 described
above and master 20 that applies a voltage to the pair of
electric wires.

[0103] With this configuration, slaves 10 of the auto-
matic fire alarm system each perform a fire detection op-
eration in the operation time slot allocated according to
the identification information thereof by using the con-
sumption current supplied from master 20. Accordingly,
in automatic fire alarm system A1 that uses slaves 10, it
is possible to suppress an increase in the current con-
sumption in the same operation time slot.

2. EMBODIMENT 2

[0104] Automaticfire alarm system A1 according to the
present embodiment will be described focusing mainly
on differences from Embodiment 1. Automatic fire alarm
system A1 according to the present embodiment has the
same basic configuration as that of Embodiment 1, and
the structural elements that are the same as those of
Embodiment 1 are given the same reference numerals,
and a description thereof will be omitted as appropriate.
[0105] Embodiment 1 is configured such that a trans-
mission signal is transmitted if a predetermined elapses
after slave 10 that is in operation transmits a fire notifi-
cation to master 20 during an operation time slot, or in
other words, communication that uses the transmission
signal is performed during the operation time slot. The
present embodiment is different from Embodiment 1 in
that slave 10 of automatic fire alarm system A1 according
to the present embodiment performs communication with
master 20 during an interval that is different from the no-
tification issuance detection interval.

2.1 Configuration

[0106] First, transmitter 24 of master 20 according to
the present embodiment will be described.

[0107] Transmitter 24 of master 20 includes a first
transmitter circuit (not shown) that transmits a synchro-
nization signal and a second transmitter circuit (not
shown) that transmits a request signal. The first trans-
mitter circuit of transmitter 24 regularly transmits a syn-
chronization signal. The method for transmitting a syn-
chronization signal is the same as that of Embodiment
1, and thus a description thereof is omitted here. The
second transmitter circuit of transmitter 24 regularly
transmits, to a plurality of slaves 10, a request signal that
requests a response from each of the plurality of slaves
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10 in a timing different from the timing of the synchroni-
zation signal. To be specific, transmitter 24 transmits a
request signal by changing the electric current flowing
from the pair of electric wires 51 and 52. As used herein,
the request signal is, for example, a signal for checking
whether slave 10 is active.

[0108] Next, slave 10 according to the present embod-
iment will be described.

[0109] Receiver circuit 16 of slave 10 regularly re-
ceives, in addition to a synchronization signal, a request
signal in a timing different from the timing of reception of
the synchronization signal. To be specific, receiver circuit
16 receives the request signal from master 20 as a volt-
age signal (voltage change) on the pair of electric wires
51 and 52.

[0110] In response to receiver circuit 16 receiving the
request signal, transmitter circuit 15 of slave 10 transmits
an electric current signal generated as a result of drawing
an electric current from the pair of electric wires 51 and
52 to master 20 as a transmission signal. As used herein,
the transmission signal is transmission data representing
the identification information of slave 10.

[0111] In response to receiver circuit 16 receiving the
request signal, processor 19 of slave 10 transmits the
transmission signal from transmitter circuit 15 in a re-
sponse time slot allocated according to the identification
information of slave 10.

2.2 Operation

[0112] Hereinafter, the operations of automatic fire
alarm system A1 according to the present embodiment
will be described with reference to FIG. 7. FIG. 7 is a
flowchart illustrating the operations of slave 10.

[0113] Inthe presentembodiment, master 20 regularly
transmits a request signal.

[0114] Processor 19 of slave 10 decides whether or
notreceiver circuit 16 hasreceived arequest signal trans-
mitted from master 20 (step S100).

[0115] If it is decided that receiver circuit 16 has re-
ceived arequest signal (Yes in step S100), processor 19
decides whether or not the response time slot corre-
sponding to the identification information of slave 10 has
arrived (step S105).

[0116] If it is decided that the response time slot has
arrived (Yes in step S105), processor 19 increases the
current value of the drawn electric current so as to trans-
mit a response signal from transmitter circuit 15 (step
S110).

[0117] After that, processor 19 performs fire detection
processing (step S115). Inthis example, the fire detection
processing is the same as the processing shown in FIG.
4, and thus a detailed description thereof is omitted here.
In the fire detection processing, when the operation time
slot allocated to slave 10 ends, processor 19 of slave 10
returns to step S100. Also, processor 19 according to the
present embodiment performs step S35 after execution
of step S25 shown in FIG. 4. Thatis, in the operation time
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slot, the transmission of a transmission signal is not per-
formed.

2.3 Specific Example

[0118] In the present embodiment, as shown in FIG.
8A, the entire interval from the transmission of a request
signal and a synchronization signal until all of slaves 10
perform their operation is composed of communication
interval Tb and detection operation interval Ta. Commu-
nication interval Tb is composed of request signal trans-
mission interval Tb1 and response interval Tb2. Re-
sponse interval Tb2 is composed of response time slots
TT1, TT2... and TT64 having the same time length. That
is, the time length of notification issuance detection in-
terval Tb2 is a total length of time of operation time slots
TT1,TT2...and TT64. Asin Embodiment 1, itis assumed
here that there are 64 slaves 10, and one of response
timeslots TT1, TT2...and TT64 is allocated to each slave
10 in one to one correspondence according to the iden-
tification information thereof. The configuration of detec-
tion operation interval Ta is the same as that of Embod-
iment 1, and thus a description thereof is omitted here.
[0119] FIG. 8B is a diagram illustrating a transition of
a response operation and a transition of a fire detection
operation. The transition of the fire detection operation
is the same as that shown in FIG. 5B, and thus a descrip-
tion thereof is omitted here.

[0120] Here, the transition of the response operation
will be described.

[0121] Inresponse toreception of arequestsignal from
master 20in transmissioninterval Tb1, slave B1 performs
a response operation in response time slot TT1, and
slave B2 performs a response operation in response time
slot TT2. After that, in each response time slot, slave 10
to which the response time slot is allocated sequentially
performs a response operation, and in the last response
time slot TT64, slave B64 performs aresponse operation.
That is, it can be seen that each slave 10 performs a
response operation at the point in time at which a waiting
time determined according to the identification informa-
tion thereof elapses.

[0122] Next, changes in the electric current drawn by
slave 10 in one response time slot and one operation
time slot will be described with reference to FIG. 9.
[0123] FIG. 9 shows changes in the current value of
the electric current flowing through the pair of electric
wires 51 and 52, with the horizontal axis indicating time
and the vertical axis indicating current value. In this ex-
ample, the interval (time length) between time t0 and time
t3 shown in FIG. 9 is one response time slot, and the
interval (time length) between time t4 and time t7 is one
operation time slot. In FIG. 9, it is assumed that the cur-
rent value of the electric current flowing through the pair
of electric wires 51 and 52 can be increased gradually in
three stages of 14, |1 and 13 from base current 10 (I0 <
14 < 11 < 13) by slave 10 switching the current value of
the drawn electric current.
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[0124] The current value of the electric current flowing
through the pair of electric wires 51 and 52 is basically
"10" as shown in FIG. 9.

[0125] Ifslave 10receives arequestsignal from master
20 and waiting time Wb elapses from the startof response
interval Tb2, or in other words, if the response time slot
allocated according to the identification information
thereof has arrived, slave 10 transmits a response signal
(see time t1 to time t2 shown in FIG. 9). To be specific,
slave 10 increases or decreases the current value of the
drawn electric current between two values of current val-
ue 10 and current value 14 so as to transmit a response
signal from transmitter circuit 15.

[0126] After that, slave 10 starts a fire detection oper-
ation at time t4 when the operation time slot allocated
thereto arrives.

[0127] When, as aresult of fire detection, slave 10 tran-
sitions from the non-notification state to a fire notifying
state, as shown in FIG. 9, the current value of the electric
current flowing through the pair of electric wires 51 and
52 increases from"l0" to "I1". The example shownin FIG.
9 shows that slave 10 detects a fire notifying state during
the period between time t5 and time t6.

[0128] When, as a result of decision, slave 10 transi-
tions from the fire notifying state to a cooperation notifying
state, as shown in FIG. 9, the current value of the electric
current flowing through the pair of electric wires 51 and
52 increases from"l11"to "I3" (see time t6 to time t7 shown
in FIG. 9).

[0129] In the present embodiment, as an example, it
is assumed that the total length of time of detection op-
eration interval Ta and communication interval Tb is
about one second. In this case, if there are a total of 64
slaves 10, the operation time slot and the response time
slot allocated to each slave 10 may be about 7 millisec-
onds.

[0130] However, these specific numerical values are
not intended to limit the scope of the embodiment, and
can be changed as appropriate. For example, in the
present embodiment, the current value of the drawn elec-
tric current is allowed to vary within a predetermined tol-
erance range. As long as the current value is within the
tolerance range, master 20 can distinguish whether the
operational state of slave 10 is a fire notifying state or a
cooperation notifying state.

2.4 Summation

[0131] Inthe presentembodiment, master 20 transmits
arequestsignal to slave 10 as a transmission signal, and
receives a response signal from slave 10 as a transmis-
sion signal. That s, slave 10 and master 20 are capable
of bidirectional communication of the transmission sig-
nals. However, the present invention is not limited there-
to. A configuration is also possible in which slave 10 and
master 20 are capable of unidirectional communication
of the transmission signals.

[0132] For example, the transmission signals may be
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communicated unidirectionally from master 20 to slave
10. In this case, in response to receiving, for example, a
transmission signal that is a data write instruction, slave
10 performs data write processing in the response time
slot allocated thereto in the response interval. With this
configuration, the electric current consumed by the write
processing is dispersed. At this time, the transmission of
a transmission signal indicating transmission data is not
performed in the notification issuance detection interval.
[0133] Alternatively, the transmission signals may be
communicated unidirectionally from slave 10 to master
20. In this case, the response interval starts from the end
of the notification issuance detection interval. Slave 10
performs a response operation (for example, transmis-
sion of the identification information) when a waiting time
determined based on the identification information there-
of elapses. With this configuration, the electric current
consumed by the response operation is dispersed.
[0134] Also, with automatic fire alarm system A1 ac-
cording to the present embodiment, various types of in-
formation can be exchanged between master 20 and
slave 10 with the use of communication, and thus not
only the identification information of the notification
source as described above, but also various types of
functions can be added to each slave 10.

[0135] As described above, communicator 14 of slave
10 of automatic fire alarm system A1 according to the
present embodiment may perform operation as de-
scribed below. Communicator 14 performs, by using the
power supplied from master 20, communication with
master 20 in a communication interval that is different
from the notification issuance detection interval having a
total length of time of the operation time slots allocated
to slave 10 and each of other slaves 10.

[0136] With this configuration, slave 10 performs com-
munication with master 20 in a communication interval
that is different from the notification issuance detection
interval having the operation time slot allocated thereto.
Accordingly, slave 10 can transmit a fire notification and
a cooperation notification in a distinguished manner. For
example, if slave 10 transmits transmission data to mas-
ter 20 during the communication interval, master 20 does
not erroneously identify the received transmission data
as a fire notification or a cooperation notification.
[0137] In this example, communicator 14 may start
communication when a time determined based on the
identification information elapses after the start of the
communication interval.

[0138] With this configuration, slave 10 starts commu-
nication when a time determined based on the identifi-
cation information thereof elapses, and thus with auto-
matic fire alarm system A1 that uses slaves 10, the cur-
rent consumption required for communication can be dis-
persed.

3. EMBODIMENT 3

[0139] Automaticfire alarm system A1 according to the
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present embodiment will be described focusing mainly
on differences from Embodiments 1 and 2. Automatic fire
alarm system A1 according to the present embodiment
has the same basic configuration as that of Embodiment
2, and the structural elements that are the same as those
of Embodiment 2 are given the same reference numerals,
and a description thereof will be omitted as appropriate.
[0140] Automaticfire alarm system A1 accordingto the
present embodiment is different from Embodiment 2 in
that the synchronization signal also functions as the re-
quest signal.

3.1 Configuration

[0141] First, transmitter 24 of master 20 according to
the present embodiment will be described.

[0142] As in Embodiment 1, transmitter 24 regularly
transmits a synchronization signal to a plurality of slaves
10.

[0143] Next, slave 10 according to the present embod-
iment will be described.

[0144] Receiver circuit 16 of slave 10 regularly re-
ceives the synchronization signal from master 20.
[0145] In response to receiver circuit 16 receiving the
synchronization signal, processor 19 of slave 10 trans-
mits a transmission signal from transmitter circuit 15 in
a response time slot allocated according to the identifi-
cation information thereof in the response interval. In re-
sponse to receiver circuit 16 receiving the synchroniza-
tion signal, processor 19 transmits a result of detection
from transmitter circuit 15 in an operation time slot allo-
cated according to the identification information of slave
10 in the notification issuance detection interval.

3.2 Operation

[0146] Hereinafter, automatic fire alarm system A1 ac-
cording to the present embodiment will be described with
reference to FIG. 10. FIG. 10 is a flowchart illustrating
the operations of slave 10.

[0147] Processor 19 of slave 10 determines whether
or not receiver circuit 16 has received a synchronization
signal transmitted from master 20 (step S200).

[0148] If it is determined that receiver circuit 16 has
received a synchronization signal transmitted from mas-
ter 20 (Yes in step S200), processor 19 determines
whether or not the response time slot corresponding to
the identification information of slave 10 has arrived (step
S205).

[0149] Ifitis decided that the response time slot has
arrived (Yes in step S205), processor 19 increases the
current value of the drawn electric current so as to trans-
mit a response signal from transmitter circuit 15 (step
S210).

[0150] After that, processor 19 decides whether or not
the operation time slot corresponding to the identification
information of slave 10 has arrived (step S215).

[0151] Ifitis decided that the operation time slot has
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arrived (Yes in step S215), processor 19 performs fire
detection processing (step S220). The fire detection
processing is the same as the processing in step S15
and the subsequent steps shown in FIG. 4, and thus a
detailed description thereof is omitted here. In the fire
detection processing, when the operation time slot allo-
cated to slave 10 ends, processor 19 of slave 10 returns
to step S200.

3.3 Specific Example

[0152] In the present embodiment, as shown in FIG.
11A, the entire interval from the transmission of a request
signal and a synchronization signal until all of slaves 10
perform their operation is composed of synchronization
signal transmission interval Ta1, response interval Tb2
and notificationissuance detection interval Ta2. The con-
figuration of response interval Tb is the same as that of
Embodiment 2, and the configuration of notification issu-
ance detection interval Ta2 is the same as that of Em-
bodiment 1, and thus a description thereof is omitted
here.

[0153] FIG. 11B is a diagram illustrating a transition of
a response operation and a transition of a fire detection
operation.

[0154] In response to reception of a synchronization
signal from master 20 in transmission interval Ta1, slave
B1 performs a response operation in response time slot
TT1, and slave B2 performs a response operation in re-
sponse time slot TT2. After that, in each response time
slot, slave 10 to which the response time slot is allocated
sequentially performs a response operation, and in the
last response time slot TT64, slave B64 performs a re-
sponse operation.

[0155] After the end of response interval Tb2, notifica-
tion issuance detection interval Ta2 starts, slave B1 per-
forms a fire detection operation in operation time slot T1,
and slave B2 performs a fire detection operation in op-
eration time slot T2. After that, in each operation time
slot, slave 10 to which the operation time slot is allocated
sequentially performs a fire detection operation, and in
the last response time slot T64, slave B64 performs a
fire detection operation. With this configuration, it can be
seen that each slave 10 starts response interval Tb2 and
notification issuance detection interval Ta2 at different
times in response to reception of a synchronization sig-
nal.

[0156] Changes in the electric current drawn by one
slave 10 in the response time slot and the operation time
slot allocated thereto are the same as those of Embodi-
ment 2 (see FIG. 9), and thus a description thereof is
omitted here.

[0157] Also, in the present embodiment, as an exam-
ple, itis assumed that the total length of time of synchro-
nization signal transmission interval Ta1, response inter-
val Tb2 and notification issuance detection interval Ta2
is about one second. In this case, if there are a total of
64 slaves 10, the operation time slot and the response
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time slot allocated to each slave 10 may be about 7 mil-
liseconds.

[0158] However, these specific numerical values are
not intended to limit the scope of the embodiment, and
can be changed as appropriate. For example, in the
present embodiment, the current value of the drawn elec-
tric current is allowed to vary within a predetermined tol-
erance range. As long as the current value is within the
tolerance range, master 20 can distinguish whether the
operational state of slave 10 is a fire notifying state or a
cooperation notifying state.

3.4 Summation

[0159] Automaticfire alarm system A1 according to the
presentembodimentis configured such that slave 10 per-
forms aresponse operation and a fire detection operation
in the order of the response operation and the fire detec-
tion operation, but the present invention is not limited
thereto. Slave 10 may perform the fire detection opera-
tion and the response operation in this order.

[0160] As described above, processor 19 of slave 10
in automatic fire alarm system A1 according to the
present embodiment may perform a fire detection oper-
ation and a response operation (communication) in re-
sponse to communicator 14 receiving a synchronization
signal.

[0161] With this configuration, by using the reception
of asynchronization signal as atrigger, slave 10 performs
communication in the communication interval and a fire
detection operation in the notification issuance detection
interval. Accordingly, a common trigger can be provided
for the communication in the communication interval and
the operation in the notification issuance detection inter-
val. Also, in master 20, a signal transmission circuit can
be implemented at a lower cost than the configuration in
which separate triggers are provided for the fire detection
operation and the communication. For example, in the
configuration in which separate triggers are provided for
the fire detection operation and the communication, as
described in Embodiment 2, master 20 is required to in-
clude a first transmitter circuit that transmits a synchro-
nization signal and a second transmitter circuit that trans-
mits a request signal. However, by providing a common
trigger for the fire detection operation and the communi-
cation, it is sufficient that master 20 includes either the
first transmitter circuit or the second transmitter circuit.
Accordingly, the cost of master 20 is reduced.

4. Variations

[0162] The present invention has been described
above by way of Embodiments 1 to 3, but the present
invention is not limited to the embodiments given above.
For example, the following variations can be conceived.

(1) In each of the embodiments given above, the
notification issuance detection interval is time-divid-
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ed into the number of slaves 10, but the present in-
vention is not limited thereto.

It is sufficient that the notification issuance detection
interval is time-divided into at least two intervals (op-
eration time slots). One or more slave 10 is allocated
to each interval obtained by the time division. With
this configuration, not all of slaves 10 are allocated
to one interval, and thus the electric current con-
sumed by the fire detection operation is dispersed.
(2) In each of the embodiments given above, deter-
miner 18 decides that the operational state is a fire
notifying state if the sensor value exceeds the first
threshold value, but the present invention is not lim-
ited thereto. Determiner 18 may decide that the op-
erational state is a fire notifying state if the read sen-
sor value exceeds the first threshold value a prede-
termined number of times (for example, three times)
in a row.

Likewise, when determiner 18 decides that the op-
erational state is a cooperation notifying state, de-
terminer 18 may decide that the operational state is
a cooperation notifying state if the read sensor value
exceeds the second threshold value a predeter-
mined number of times (for example, three times) in
a row.

(3) In each of the embodiments given above, the fire
notification and the cooperation notification are
transmitted by transmitting a signal by changing the
drawn electric current, but the present invention is
not limited thereto.

The fire notification may be transmitted by transmit-
ting a signal by changing the voltage.

Furthermore, likewise, the transmission signal may
be transmitted by transmitting a signal by changing
the voltage.

(4) Embodiment 2 described above is configured
such that slave 10 thatis in operation does not trans-
mit a transmission signal in the operation time slot,
but the present invention is not limited thereto.
Even inthe configurationin which aresponseinterval
is provided, slave 10 thatis in operation may transmit
a transmission signal in the operation time slot.

(5) The embodiments and variations described
above may be combined. To be specific, the present
invention also encompasses other embodiments ob-
tained by making various modifications that can be
conceived by a person having ordinary skill in the art
to the above embodiments as well as embodiments
implemented by any combination of the structural
elements and the functions of the above embodi-
ments without departing from the scope of the
present invention.

REFERENCE MARKS IN THE DRAWINGS

[0163]

10

slave

10

20

25

30

35

40

45

50

55

14

EP 3 179 459 A1

26

14  communicator

15 transmitter circuit

16  receiver circuit

17  storage

19  processor

20  master

21 applicator

A1 automatic fire alarm system

Claims

1. Aslavefor an automatic fire alarm system electrically

connected to a pair of electric wires to which a volt-
age is applied, the slave comprising:

a storage that stores identification information
unique to the slave;

a communicator that receives a synchronization
signal transmitted from a master in order to syn-
chronize with another slave, the synchronization
signal being a signal indicated by a change in
the voltage applied to the pair of electric wires;
and

a processor that performs, by using power sup-
plied from the master, a fire detection operation
in an operation time slot allocated according to
the identification information stored in the stor-
age in response to the communicator receiving
the synchronization signal.

The slave for an automatic fire alarm system accord-
ing to claim 1,

wherein the communicator performs, by using the
power supplied from the master, communication with
the master in a communication interval that is differ-
ent from a notification issuance detection interval
whose length is equal to a total length of time of the
operation time slot allocated to the slave and an op-
eration time slot allocated to the other slave.

The slave for an automatic fire alarm system accord-
ing to claim 2,

wherein the processor performs the fire detection
operation and the communication when the commu-
nicator receives the synchronization signal.

The slave for an automatic fire alarm system accord-
ing to claim 2 or 3,

wherein the communicator starts the communication
when a time determined based on the identification
information elapses after start of the communication
interval.

The slave for an automatic fire alarm system accord-
ing to any one of claims 1 to 4,

wherein the communicator includes a transmitter cir-
cuit that transmits a signal corresponding to the fire
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detection operation by changing an electric current
drawn from the pair of electric wires,

in response to the fire detection operation, the trans-
mitter circuit transmits a fire notification signal in-
forming occurrence of a fire and a cooperation noti-
fication signal causing the other apparatus to work
in cooperation, and

afirst current value of the electric current drawn from
the pair of electric wires by the transmitter circuit
when transmitting the fire notification signal and a
second current value of the electric current drawn
from the pair of electric wires by the transmitter circuit
when transmitting the cooperation notification signal
are different.

The slave for an automatic fire alarm system accord-
ing to claim 1,

wherein the communicator includes a transmitter cir-
cuit that transmits a fire notification signal informing
occurrence of a fire by changing an electric current
drawn from the pair of electric wires in the fire de-
tection operation, and

the transmitter circuit further transmits an identifica-
tion signal representing the identification information
at a point in time at which a predetermined waiting
time elapses after the transmission of the fire notifi-
cation.

An automatic fire alarm system comprising:

the slave according to any one of claims 1 to 6;
and

the master that applies a voltage to the pair of
electric wires.
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FIG. 10
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