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(57) A fire alarm device (10), which wirelessly com-
municates with at least one slave device (20) and oper-
ates as a master device of the at least one slave de-
vice(20), includes: a monitoring unit (12) that monitors
the at least one slave device (20) at regular or irregular
time intervals to determine whether the at least one slave
device (20) is in an abnormal condition; and an alarm
unit (15) that issues an alarm indicating that the at least

one slave device (20) is in an abnormal condition when
the monitoring unit (12) determines that such slave de-
vice (20) is in an abnormal condition, wherein after a sig-
nal indicating battery exhaustion is received from any
slave device (20), the monitoring unit (12) does not de-
termine, in the monitoring, that such slave device (20) is
in an abnormal condition even when radio waves cannot
be received from such slave device (20).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a fire alarm de-
vice, a fire alarm system, an abnormality determination
method of determining an abnormal condition in commu-
nication performed in the fire alarm system, and a pro-
gram.

BACKGROUND ART

[0002] A fire alarm system is known that includes a
master device and a plurality of slave devices. In such
conventional fire alarm system, the master device and
the slave devices wirelessly communicate with one an-
other. Each of the master device and slave devices in-
cludes a fire detection sensor. A system is disclosed in
which such a master device and a plurality of slave de-
vices installed in different rooms wirelessly communicate
with one another to notify about the detection results of
their respective sensors. Through this, the master device
and slave devices operate in conjunction with one anoth-
er to issue a fire alarm (for example, patent literature
(PTL) 1). With this structure, the system is capable of
notifying a person in a room different from the one in
which a fire is breaking out about the fire.

Citation List
Patent Literature

[0003] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2012-4826

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] When the battery charge is exhausted (when
the remaining battery has reached a predetermined level
or below), the slave devices in the above fire alarm sys-
tem output a voice message from their speakers indicat-
ing battery exhaustion. Assume, for example, that the
battery charge of one of the slave devices is exhausted.
Such slave device outputs a voice message indicating
battery exhaustion. When a resident in a facility to which
the fire alarm system is applied is away from the facility
for a long period, for example, such slave device keeps
outputting the voice message to exhaust its battery. Con-
sequently, the slave device will go into an inactive state.
[0005] The master device monitors the slave devices
at regular time intervals. More specifically, the master
device sends, to each of the slave devices, a monitoring
signal including a command that causes the slave device
to send back a response indicating the own state of the
slave device. In response to the monitoring signal, each
of the slave devices sends back its own state. When fail-
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ing to receive a response from a slave device to which
the master device has sent the monitoring signal, for ex-
ample, the master device outputs a voice message from
its speaker indicating that such slave device is in an ab-
normal condition. Since the above one of the slave de-
vicesinaninactive state due to battery exhaustion cannot
respond to the monitoring signal, the master device out-
puts a voice message indicating that such slave device
is in an abnormal condition. When the resident is away
from the facility for a long period, the master device also
keeps outputting the voice message to exhaust its bat-
tery. Consequently, the master device will also go into
an inactive state.

[0006] The slave devices recognize thatthe master de-
vice sends a monitoring signal at regular time intervals.
As such, when failing to receive a monitoring signal from
the master device, the slave devices output a voice mes-
sage indicating that the master device is in an abnormal
condition. Since the master device cannot send a mon-
itoring signal when in an inactive state due to battery
exhaustion as described above, the slave devices ex-
cluding the above one of the slave devices keep output-
ting the voice message indicating that the master device
is in an abnormal condition. These slave devices also
keep outputting the voice message, when the resident is
away from the facility for a long period, to exhaust their
batteries and consequently go into an inactive state.
[0007] As described above, the above fire alarm sys-
tem has a problem that battery exhaustion of the master
device and the slave devices occursin a chained manner.
[0008] Inview of the above, the present invention aims
to provide a fire alarm device and so forth capable of
preventing battery exhaustion that occurs in a chained
manner.

SOLUTIONS TO PROBLEM

[0009] The fire alarm device according to an aspect of
the presentinvention is a fire alarm device that wirelessly
communicates with at least one slave device and oper-
ates as a master device of the at least one slave device.
Such fire alarm device includes: a first monitoring unit
that performs monitoring of the at least one slave device
atregular orirregular time intervals to determine whether
the at least one slave device is in an abnormal condition;
and a first alarm unit that issues an alarm indicating that
the at least one slave device is in an abnormal condition
when the first monitoring unit determines that the at least
one slave device is in an abnormal condition. In this fire
alarm device, after a signal indicating battery exhaustion
is received from any one of the at least one slave device,
the first monitoring unit does not to determine, in the mon-
itoring, that the slave device is in an abnormal condition
even when radio waves cannot be received from the
slave device.

[0010] The fire alarm system according to an aspect
of the present invention includes the above fire alarm
device and the at least one slave device.
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[0011] The abnormality determination method accord-
ing to an aspect of the presentinvention is an abnormality
determination method of determining an abnormal con-
dition in communication performed by a fire alarm device
that wirelessly communicates with at least one slave de-
vice and operates as a master device of the at least one
slave device. Such abnormality determination method in-
cludes: performing monitoring of the at least one slave
device at regular or irregular time intervals to determine
whether the at least one slave device is in an abnormal
condition; and issuing an alarm indicating that the at least
one slave device is in an abnormal condition when the
atleast one slave device is determined, in the performing
of the monitoring, as being in an abnormal condition. In
this abnormality determination method, after a signal in-
dicating battery exhaustion is received from any one of
the at least one slave device, the slave device is not de-
termined, in the performing of the monitoring, as being
in an abnormal condition even when radio waves cannot
be received from the slave device.

[0012] The program according to an aspect of the
present invention is a program that causes a computer
to execute the above abnormality determination method.

ADVANTAGEOUS EFFECT OF INVENTION

[0013] The fire alarm device, etc. according to an as-
pect of the present invention prevents battery exhaustion
that occurs in a chained manner.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is a diagram showing an exemplary configu-
ration of the fire alarm system according to the em-
bodiment.

FIG. 2 is a diagram showing exemplary structures
of a fire alarm device and a slave device according
to the embodiment.

FIG. 3is aflowchart of an exemplary basic operation
performed by the fire alarm device according to the
embodiment.

FIG. 4 is a flowchart of an exemplary abnormality
determination operation performed by the fire alarm
device according to the embodiment.

FIG. 5is a flowchart of an exemplary basic operation
performed by each slave device according to the em-
bodiment.

FIG. 6 is a flowchart of an exemplary abnormality
determination operation performed by each slave
device according to the embodiment.

DESCRIPTION OF EXEMPLARY EMBODIMENT

[0015] The following describes in detail the embodi-
ment according to the present invention with reference
to the drawings. Note that the following embodiment
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shows a preferred specific example of the present inven-
tion. The numerical values, shapes, structural compo-
nents, the arrangement and connection of the structural
components, steps, the processing order of the steps,
etc. shown in the following embodiment are mere exam-
ples, and thus are not intended to limit the present inven-
tion. Of the structural components described in the fol-
lowing embodiment, structural components not recited
in any one of the independent claims that indicate the
broadest concepts of the present invention will be de-
scribed as optional structural components.

[0016] Also note that the drawings are schematic dia-
grams, and thus they are not necessarily precise illustra-
tions. Also, the same structural components are assigned
the same reference marks throughout the drawings.

EMBODIMENT

[0017] With reference to FIG. 1 through FIG. 6, the
following describes the embodiment.

[0018] FIG. 1is a diagram showing an exemplary con-
figuration of fire alarm system 1 according to the embod-
iment.

[0019] Firealarmsystem 1, whichis applied to a facility
such as a residence, is a system that detects a fire and
issues an alarm about the outbreak of the fire. Fire alarm
system 1 may also be applied to a facility such as an
office and a commercial facility. Fire alarm system 1 in-
cludes fire alarm device 10 and at least one slave device
20, each having a fire detection sensor. Fire alarm device
10 and the at least one slave device 20 are installed, for
example, on the ceilings, etc. of the facility, but may be
installed on walls, etc. In the present embodiment, the at
least one slave device 20 is a plurality of slave devices
20. Fire alarm device 10 operates as a master device of
the at least one slave device 20. Note that to operate as
the master device of the at least one slave device 20
refers to, for example, that the master device has the
central role and performs the control, etc. of the at least
one slave device 20. For example, fire alarm device 10
operates as the master device of the at least one slave
device 20 by broadcasting a beacon signal and the at
least one slave device 20 operates in accordance with
the received beacon signal. Alternatively, fire alarm de-
vice 10 operates as the master device of the at least one
slave device 20 by sending in unicast a control signal to
each of the at least one slave device 20. Note that fire
alarm device 10 differs from the atleast one slave device
20 in that fire alarm device 10 serves as the master de-
vice. Other than this point, fire alarm device 10 and the
at least one slave device 20 basically have the same
functions (fire detection function, fire alarming function,
etc.). For example, fire alarm device 10 and slave device
20 are different products (i.e., products with different
product numbers), but they may be the same products.
In this case, a user may select, from a plurality of products
of the same specification, a product that will serve as fire
alarm device 10 to function as the master device and a
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product that will serve as slave device 20.

[0020] Fire alarm device 10 and the at least one slave
device 20 wirelessly communicate with one another. For
example, fire alarm device 10 and the at least one slave
device 20 have undergone pairing to be capable of wire-
lessly communicating with one another. Fire alarm sys-
tem 1 has a star network topology, for example, in which
fire alarm device 10 is located at the center. This topology
enables detection information indicating the outbreak of
a fire to be shared among fire alarm device 10 and the
at least one slave device 20, when any one of the fire
detection sensors included in fire alarm device 10 and
the at least one slave device 20 has detected the out-
break of the fire. As such, fire alarm device 10 and the
at least one slave device 20 can issue a fire alarm in
conjunction with one another. This also enables, for ex-
ample, to notify a person in a room different from the one
in which the fire is breaking out about an abnormal con-
dition. Note that the network topology is not limited to
having a star shape. For example, a plurality of slave
devices 20 are not required to perform communication
among one another via fire alarm device 10, and thus
may perform communication directly among one another
via slave device information obtainment unit 29 to be de-
scribed later.

[0021] A frequency band to be used for wireless com-
munication in fire alarm system 1 needs to be a band for
security uses that ensures highly reliable communication
with least interference waves. For example, wireless
communication for fire alarms in Japan uses the frequen-
cy band between 426.25 MHz and 426.8375 MHz, inclu-
sive, which is used by a radio station of a low power
security system.

[0022] WithreferencetoFIG.2,the following describes
the structures of fire alarm device 10 and slave device
20 included in fire alarm system 1.

[0023] FIG. 2 is a diagram showing exemplary struc-
tures of fire alarm device 10 and slave device 20 accord-
ing to the embodiment. FIG. 2 omits the illustration of a
fire detection sensor included in each of fire alarm device
10 and slave device 20. The sensor may detect a fire in
any methods. The sensor may be, forexample, an optical
smoke detection sensor that detects a fire by detecting
smoke generated by the fire, using scattered reflection
of light. The sensor may also be, for example, a heat
detection sensor that detects a fire by detecting heatgen-
erated by the fire. The sensor may also be, for example,
a carbon monoxide detection sensor that detects a fire
by detecting the concentration of carbon monoxide gen-
erated by the burning of the fire. The sensor may also
be, for example, an infrared ray detection sensor that
detects a fire by detecting an infrared ray radiated by the
burning of the fire.

[0024] Fire alarm device 10 includes control unit 11,
alarm unit 15, communication unit 16, memory 17, and
battery 18. Fire alarm device 10 and slave device 20 have
basically the same functions of detecting a fire and issu-
ing an alarm about the outbreak of the fire as described
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above. As such, similar to fire alarm device 10, slave
device 20 also includes control unit 21, alarm unit 25,
communication unit 26, memory 27, and battery 28. The
structural components of fire alarm device 10 and the
structural components of slave device 20 have basically
the same functions and thus these structural components
will be described below in parallel.

[0025] Communication units 16 and 26 are communi-
cation interfaces for wireless communication between
fire alarm device 10 and each of the at least one slave
device 20, and each include an antenna, a transmitter-
receiver circuit for a wireless signal, and so forth. Com-
munication unit 16 wirelessly communicates with the at
least one slave device 20 in response to an instruction
from control unit 11, and communication unit 26 wireless-
ly communicates with fire alarm device 10 in response
to an instruction from control unit 21.

[0026] Control unit11 is a processing unit that controls
alarm unit 15, communication unit 16, and memory 17.
Control unit 21 is a processing unit that controls alarm
unit 25, communication unit 26, and memory 27. Control
units 11 and 21 are each implemented as, for example,
a microcomputer. Control units 11 and 21 (microcomput-
ers) are each an LSI, for example, that includes a ROM
for holding a program, a RAM as a temporary storage
region, a processor for executing a program, input and
output circuits such as an A-D converter and a D-A con-
verter, acountertimer, and so forth. Times in control units
11 and 21 are, for example, synchronized. Control unit
11 includes monitoring unit 12, notification unit 13, and
external-output unit 14 as its functional structural com-
ponents. These functional structural components are im-
plemented by control unit 11 executing a program. Con-
trol unit 21 includes slave device information obtainment
unit 29, in addition to monitoring unit 22, notification unit
23, and external-output unit 24 as its functional structural
components. These functional structural components
are implemented by control unit 21 executing a program.
[0027] Monitoring unit 12 is the first monitoring unitthat
monitors the at least one slave device 20 at regular or
irregular time intervals to determine whether the at least
one slave device 20 is in an abnormal condition. More
specifically, atregulartimeintervals (e.g., every 24 hours,
etc.), monitoring unit 12 sends (causes communication
unit 16 to send), to each of the at least one slave device
20, amonitoring signal including a command that causes
slave device 20 to send back the state of slave device
20. The state of slave device 20 refers to, for example,
the states of the above-described sensor and alarm unit
25 included in slave device 20 (normal or abnormal), the
remaining battery level of slave device 20, and so forth.
Monitoring unit 12 determines, for example, that slave
device 20 which has sent back a response indicating that
these states are abnormal is in an abnormal condition.
Monitoring unit 12 also determines that slave device 20
which has not responded to the monitoring signal (i.e.,
from which radio waves cannot be received) is in an ab-
normal condition.
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[0028] Monitoring unit 22 is the second monitoring unit
that monitors fire alarm device 10 at regular or irregular
time intervals to determine whether fire alarm device 10
is in an abnormal condition. More specifically, monitoring
unit 22 recognizes that fire alarm device 10 sends a mon-
itoring signal at regular time intervals (e.g., every 24
hours, etc.). Here, to monitor fire alarm device 10 refers
to monitoring whether fire alarm device 10 sends a mon-
itoring signal at regular or irregular time intervals. When
a monitoring signal is not sent from fire alarm device 10
at regular timings, for example, monitoring unit 22 deter-
mines that fire alarm device 10 is in an abnormal condi-
tion. Monitoring unit 22 may immediately determine that
fire alarm device 10 is in an abnormal condition when,
forexample, amonitoring signal is not sent from fire alarm
device 10 atregular timings. Alternatively, monitoring unit
22 may determine that fire alarm device 10 is in an ab-
normal condition when, for example, a monitoring signal
is not sent from fire alarm device 10 at regular timings,
and even after waiting for a predetermined period (e.g.,
an hour, etc.) thereafter. Monitoring unit 22 may also de-
termine that fire alarm device 10 is in an abnormal con-
dition when, for example, the failure of receiving a mon-
itoring signal from fire alarm device 10 at regular timings
has been repeated for a predetermined number of times.
[0029] Notification unit 13 sends (causes communica-
tion unit 16 to send) a signal indicating battery exhaustion
to each of the at least one slave device 20 when the
battery charge of fire alarm device 10 is exhausted. Sim-
ilarly, notification unit 23 sends (causes communication
unit 26 to send) a signal indicating battery exhaustion to
fire alarm device 10 when the battery charge of slave
device 20 is exhausted. Battery exhaustion refers to a
state in which the remaining battery has reached a pre-
determined level or below. The measurement of the re-
maining battery level is possible, for example, by use of
the A-D converter included in each of control units 11
and 21 (microcomputers). Control units 11 and 21 each
measure the remaining battery level every predeter-
mined time (e.g., every hour, etc.). Control units 11 and
21 each determine that the battery charge is exhausted
when, for example, the remaining battery level of a 3.0
V battery has reached 2.8 V or below. Note, however,
that the voltage to be determined as battery exhaustion
is higher than the voltage at which fire alarm device 10
and slave device 20 go into an inactive state. For this
reason, each of fire alarm device 10 and slave device 20
is capable of operating normally for a predetermined pe-
riod (e.g., one month, etc.) after the battery charge is
exhausted. The state of fire alarm device 10 and slave
device 20 being inactive is also referred to as that the
battery charge is completely exhausted.

[0030] External-output unit 14 is the first external-out-
put unit that outputs (causes communication unit 16 to
send), to an external device, information indicating that
the atleast one slave device is in an abnormal condition.
Similarly, external-output unit 24 is the second external-
output unit that outputs (causes communication unit 26
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to send), to the external device, information indicating
that fire alarm device 10 is in an abnormal condition. The
external device is, for example, a mobile terminal such
as a smartphone and a tablet. Note that the external de-
vice is not limited to a mobile terminal, and thus may be
any Internet of Things (IoT) device. Communication units
16 and 26 are connected to the external device, for ex-
ample, via a gateway to be capable of communication.
Forthe case where the network between fire alarm device
10 and slave device 20 and the network between fire
alarm device 10 and the gateway are compliant with dif-
ferent protocols, communication unit 16 may include an
antenna and a transmitter-receiver circuit for communi-
cation with the gateway, in addition to the antenna and
the transmitter-receiver circuit for communication with
slave device 20. Similarly, communication unit 26 may
include an antenna and a transmitter-receiver circuit for
communication with the gateway, in addition to the an-
tenna and the transmitter-receiver circuit for communi-
cation with fire alarm device 10. This structure enables
the resident of the facility to see that fire alarm device 10
or the at least one slave device 20 is in an abnormal
condition by use of the external device (mobile terminal,
etc.) when, for example, the resident is away from the
facility.

[0031] Slave device information obtainment unit 29 in-
cluded in control unit 21 of slave device 20 will be de-
scribed later.

[0032] Alarm unit 15 is the first alarm unit that issues
an alarm indicating that the at least one slave device 20
is in an abnormal condition when monitoring unit 12 de-
termines that the at least one slave device 20 is in an
abnormal condition. Similarly, alarm unit 25 is the second
alarm unit that issues an alarm indicating that fire alarm
device 10 is in an abnormal condition when monitoring
unit 22 determines that fire alarm device 10 is in an ab-
normal condition. Note that alarm units 15 and 25 are
units that issue an alarm about a fire in the event of the
fire. Alarm units 15 and 25 may issue an alarm about an
abnormal condition or the outbreak of a fire in any meth-
ods. Forexample, alarm units 15 and 25 may be speakers
or buzzers to issue an alarm about an abnormal condition
or the outbreak of a fire by voice or buzzer sound. For
example, alarm units 15 and 25 issue an alarm about a
fire in the event of the fire. Alarm unit 15 issues an alarm
aboutthe details of an abnormal condition of slave device
20 when slave device 20 is in an abnormal condition.
When communication unit 16 fails to receive radio waves
from slave device 20, for example, alarm unit 15 issues
an alarm (outputs a voice message) indicating that an
abnormality is present in communication with slave de-
vice 20. Alarm unit 25 issues an alarm about the details
of an abnormal condition of fire alarm device 10 when
fire alarm device 10 is in an abnormal condition. When
communication unit 26 fails to receive radio waves from
fire alarm device 10, for example, alarm unit 25 issues
an alarm (outputs a voice message) indicating that an
abnormality is present in communication with fire alarm
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device 10. In many cases, a voice message indicating
an abnormal condition in communication, etc., is output-
ted every several tens of seconds, which consumes a
large amount of battery.

[0033] Memories 17 and 27 are each, for example, a
ROM and a RAM, and may store a program executed by
control units 11 and 21. Memory 17 is the storage unit
that stores information that includes the following pieces
of information in association with each other: address
information of slave device 20 which has sent a signal
indicating battery exhaustion among the at least one
slave device 20; and information indicating battery ex-
haustion. A signal indicating battery exhaustion to be sent
from notification unit 23 to fire alarm device 10 when the
battery charge of slave device 20 is exhausted includes
the address information (e.g., media access control
(MAC) address or logical address, etc.) of such battery-
exhausted slave device. Control unit 11 stores the ad-
dress information and the information indicating battery
exhaustion intomemory 17 in association with each other
when communication unit 16 receives the signal indicat-
ing battery exhaustion. When communication unit 26 re-
ceives a signal indicating battery exhaustion from fire
alarm device 10, memory 27 stores informationindicating
that the battery charge of fire alarm device 10 is exhaust-
ed. Since one master device (fire alarm device 10) is
present for the at least one slave device, memory 27
does not need to store the address information of fire
alarm device 10. Note that similar to memory 17, memory
27 may store information that includes the address infor-
mation of fire alarm device 10 which has sent a signal
indicating battery exhaustion and the information indicat-
ing battery exhaustion in association with each other.
[0034] Batteries 18 and 28 are power sources for driv-
ing fire alarm device 10 and slave device 20, respectively.
Examples of batteries 18 and 28 include, but not limited
to, a lithium battery.

[0035] With reference to FIG. 3 and FIG. 4, the follow-
ing describes an operation performed by fire alarm device
10.

[0036] FIG. 3 is a flowchart of an exemplary basic op-
eration performed by fire alarm device 10 according to
the embodiment.

[0037] Monitoring unit 12 monitors the at least one
slave device 20 (step S11) to determine whether the at
least one slave device 20 is in an abnormal condition
(step S12). When monitoring unit 12 determines that the
at least one slave device 20 is in an abnormal condition
(Yesin step S 12), alarm unit 15 issues an alarm indicat-
ing that the at least one slave device 20 is in an abnormal
condition (step S13). Here, after communication unit 16
receives a signal indicating battery exhaustion from any
one of the at least one slave device 20, monitoring unit
12 does not determine that such slave device 20 is in an
abnormal condition even when radio waves cannot be
received from such slave device 20 in the monitoring of
slave device 20 which has sent the signal indicating bat-
tery exhaustion. This will be described below with refer-
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ence to FIG. 4.

[0038] FIG. 4 is aflowchart of an exemplary abnormal-
ity determination operation performed by fire alarm de-
vice 10 according to the embodiment.

[0039] First, monitoring unit 12 (communication unit
16) receives a signal indicating battery exhaustion from
any one of the at least one slave device 20 (step S21).
As described above, since notification unit 23 included
in slave device 20, the battery charge of which is exhaust-
ed, sends a signal indicating battery exhaustion to fire
alarm device 10, monitoring unit 12 canreceive the signal
indicating battery exhaustion.

[0040] When thisis done, information that includes the
following pieces of information is stored into memory 17
in association with each other: the address information
of slave device 20 which has sent the signal indicating
battery exhaustion; and the information indicating battery
exhaustion.

[0041] When the signal indicating battery exhaustion
is received from any one of the at least one slave device
20, external-output unit 14 outputs, to an external device,
information indicating that the battery charge of such
slave device 20 is exhausted. This enables the resident
of the facility to see that the battery charge of slave device
20 is exhausted by use of the external device (mobile
terminal, etc.), when, for example, the resident is away
from the facility.

[0042] Monitoring unit 12 keeps monitoring slave de-
vice 20 at regular time intervals even after the signal in-
dicating battery exhaustion is received from such slave
device 20 to determine whether a response to the mon-
itoring signal can be received from such slave device 20
(stated differently, whether radio waves can be received
from slave device 20) (step S22). As described above,
slave devices 20 are capable of normally operating for a
predetermined period (e.g., one month) even after the
battery charge is exhausted. As such, a determination
can be made of an abnormal condition in communication
that is not attributable to battery exhaustion within such
predetermined period after the battery charge of slave
device 20 is exhausted.

[0043] When radio waves can be received from such
slave device 20 (Yes in step S22), monitoring unit 12
does notdetermine that slave device 20 is in an abnormal
condition (step S23). Stated differently, alarm unit 15
does not issue an alarm about an abnormal condition of
slave device 20. Note, however, that monitoring unit 12
may determine that slave device 20 is in an abnormal
condition when the radio waves carry information indi-
cating that such slave device 20 is in an abnormal con-
dition, and alarm unit 15 may issue an alarm indicating
that slave device 20 is in an abnormal condition.

[0044] When radio waves cannot be received from
such slave device 20 (No in step S22), monitoring unit
12 determines whether the current time is within the pre-
determined period from the point in time when the signal
indicating battery exhaustion is received (step S24). The
process of step S24 is achieved by use of the function
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of the counter timer, etc., included in control unit 11 (mi-
crocomputer).

[0045] When radio waves cannot be received from the
at least one of slave device 20 within the predetermined
period after the point in time when the signal indicating
battery exhaustion is received from such slave device
20, even after the signal indicating battery exhaustion is
received from such slave device 20 (Yes in step S24),
monitoring unit 12 determines that such slave device 20
is in an abnormal condition (step S25). Stated differently,
alarm unit 15 issues an alarm about the abnormal con-
dition of such slave device 20. Such slave device 20 is
supposed to be capable of operating normally within the
predetermined period even after the battery charge is
exhausted. As such, the failure of receiving radio waves
from slave device 20 within the predetermined period
suggests that such slave device 20 is likely to be in an
abnormal condition that does not allow slave device 20
to respond to the monitoring signal due to a cause differ-
ent from battery exhaustion. Note that in the monitoring
of the at least one slave device at regular time intervals,
monitoring unit 12 compares the address information of
slave device 20 from which radio waves cannot be re-
ceived with the address information stored in memory 17
to determine whether the at least one slave device 20
(slave device 20 from which radio waves cannot be re-
ceived) is in an abnormal condition. Through this, mon-
itoring unit 12 can determine whether slave device 20
from which radio waves cannot be received is slave de-
vice 20 which has sent the signal indicating battery ex-
haustion.

[0046] Meanwhile, when radio waves cannot be re-
ceived from slave device 20 after the predetermined time
from the point in time when the signal indicating battery
exhaustion is received from such slave device 20 (No in
step S24), monitoring unit 12 determines that such slave
device 20 is not in an abnormal condition (step S23).
Stated differently, alarm unit 15 does not issue an alarm
about an abnormal condition of slave device 20. The fail-
ure of receiving radio waves from slave device 20 after
the predetermined time suggests that the battery charge
of such slave device 20 is completely exhausted and
slave device 20 is in an inactive state.

[0047] This structure enables monitoring unit 12 not to
determine that slave device 20 is in an abnormal condi-
tion in communication due to battery exhaustion, thus
preventing alarm unit 15 from issuing an alarm indicating
that slave device 20 is in an abnormal condition. The
prevention of alarm unit 15 from issuing an alarm indi-
cating that slave device 20 is in an abnormal condition
prevents battery exhaustion of fire alarm device 10. This
structure thus prevents battery exhaustion that occurs in
a chained manner. More specifically, this structure pre-
vents the battery charge of fire alarm device 10 from be-
ing exhausted in a chained manner, following slave de-
vice 20, the battery charge of which is exhausted.
[0048] When radio waves cannot be received from any
one of the at least one slave device 20 after the signal

10

15

20

25

30

35

40

45

50

55

indicating battery exhaustion is received from such slave
device 20, external-output unit 14 outputs to the external
device information indicating that such slave device 20
is in an inactive state. This enables the resident of the
facility to see that the battery charge of such slave device
20 is completely exhausted by use of the external device
(mobile terminal, etc.), when, for example, the resident
is away from the facility.

[0049] With reference to FIG. 5 and FIG. 6, the follow-
ing describes the operation performed by slave device
20.

[0050] FIG. 5is a flowchart of an exemplary basic op-
eration performed by each slave device 20 according to
the embodiment.

[0051] Monitoring unit 22 monitors fire alarm device 10
(step S31) to determine whether fire alarm device 10 is
in an abnormal condition (step S32). When monitoring
unit 22 determines that fire alarm device 10 is in an ab-
normal condition (Yes in S32), alarm unit 25 issues an
alarm indicating that fire alarm device 10 is in an abnor-
mal condition (step S33). Here, after communication unit
26 receives a signal indicating battery exhaustion from
fire alarm device 10, monitoring unit 22 does not deter-
mine that fire alarm device 10 is in an abnormal condition
even when radio waves cannot be received from fire
alarm device 10 in the monitoring of fire alarm device 10.
This will be described below with reference to FIG. 6.
[0052] FIG.6is aflowchart of an exemplary abnormal-
ity determination operation performed by each slave de-
vice 20 according to the embodiment.

[0053] First, monitoring unit 22 (communication unit
26) receives a signal indicating battery exhaustion from
fire alarm device 10 (step S41). As described above,
since notification unit 13 included in fire alarm device 10,
the battery charge of which is exhausted, sends a signal
indicating battery exhaustion to the at least one slave
device 20, monitoring unit 22 can receive the signal in-
dicating battery exhaustion.

[0054] When this is done, information indicating that
the battery charge of fire alarm device 10 is exhausted
is stored into memory 17.

[0055] When a signal indicating battery exhaustion is
received from fire alarm device 10, external-output unit
24 outputs to the external device information indicating
that the battery charge of fire alarm device 10 is exhaust-
ed. This enables the resident of the facility to see that
the battery charge of fire alarm device 10 is exhausted
by use of the external device (mobile terminal, etc.),
when, for example, the resident is away from the facility.
[0056] Monitoring unit 22 keeps monitoring fire alarm
device 10 at regular time intervals even after the signal
indicating battery exhaustion is received from fire alarm
device 10 to determine whether a monitoring signal is
sent from fire alarm device 10 (stated differently, whether
radio waves can be received from fire alarm device 10)
(step S42). As described above, fire alarm device 10 is
supposed to be capable of normally operating for a pre-
determined period (e.g., one month) even after the bat-
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tery charge is exhausted. As such, a determination can
be made of an abnormal condition in communication that
is not attributable to battery exhaustion within such pre-
determined period after the battery charge of fire alarm
device 10 is exhausted.

[0057] When radio waves can be received from fire
alarm device 10 (Yes in step S42), monitoring unit 22
does not determine that fire alarm device 10 is in an ab-
normal condition (step S43). Stated differently, alarm unit
25 does not issue an alarm about an abnormal condition
of fire alarm device 10. Note, however, that monitoring
unit 22 may determine that fire alarm device 10 is in an
abnormal condition when the radio waves carry informa-
tion indicating that fire alarm slave device 10 is in an
abnormal condition.

[0058] When radio waves cannot be received from fire
alarm device 10 (No in step S42), monitoring unit 22 de-
termines whether the current time is within a predeter-
mined period from the point in time when the signal indi-
cating battery exhaustion is received (step S44). The
process of step S44 is achieved by use of the function
of the counter timer, etc., included in controller 21 (mi-
crocomputer).

[0059] When radio waves cannot be received from fire
alarm device 10 within the predetermined period after
the point in time when the signal indicating battery ex-
haustion is received from fire alarm device 10, (Yes in
step S44), monitoring unit 22 determines that fire alarm
device 10 is in an abnormal condition (step S45). Stated
differently, alarm unit 25 issues an alarm about the ab-
normal condition of fire alarm device 10. Fire alarm device
10is supposed to be capable of operating normally within
the predetermined period even after the battery charge
is exhausted. As such, the failure of receiving radio waves
from fire alarm device 10 within the predetermined period
suggests that fire alarm device 10 is likely to be in an
abnormal condition that does not allow fire alarm device
10 to send a monitoring signal due to a cause different
from battery exhaustion.

[0060] Meanwhile, when radio waves cannot be re-
ceived from fire alarm device 10 after the predetermined
time from the point in time when the signal indicating
battery exhaustion is received from fire alarm device 10
(No in step S44), monitoring unit 22 does not determine
that fire alarm device 10 is in an abnormal condition, i.e.,
determines that such slave device 20 is not in an abnor-
mal condition (step S43). Stated differently, alarm unit
25 does not issue an alarm about an abnormal condition
of fire alarm device 10. The failure of receiving radio
waves from fire alarm device 10 after the predetermined
time suggests that the battery charge of fire alarm device
10 is completely exhausted and fire alarm device 10 is
in an inactive state.

[0061] This structure enables monitoring unit 22 not to
determine that fire alarm device 10 is in an abnormal
condition in communication due to battery exhaustion,
thus preventing alarm unit 25 from issuing an alarm in-
dicating that fire alarm device 10 is an abnormal condi-
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tion. The prevention of alarm unit 25 from issuing an
alarm indicating that fire alarm device 10 is in an abnor-
mal condition prevents battery exhaustion of slave device
20. This structure thus prevents battery exhaustion that
occurs in a chained manner. More specifically, this struc-
ture prevents the battery charge of slave device 20 from
being exhausted in a chained manner, following fire
alarm device 10, the battery charge of which is exhaust-
ed.

[0062] When radio waves cannot be received from fire
alarm device 10 after the signal indicating battery ex-
haustion is received from fire alarm device 10, external-
output unit 24 outputs to the external device information
indicating that fire alarm device 10 is in an inactive state.
This enables the resident of the facility to see that the
battery charge of fire alarm device 10 is completely ex-
hausted by use of the external device (mobile terminal,
etc.), when, for example, the resident is away from the
facility.

[0063] The at least one slave device 20 according to
the present embodiment is a plurality of slave devices
20, each of which includes slave device information ob-
tainment unit 29 that obtains information from another
slave device 20 when radio waves cannot be received
from fire alarm device 10. Fire alarm system 1 has a star
network topology in which fire alarm device 10 is located
at the center of the network. For this reason, when the
battery charge of fire alarm device 10 is completely ex-
hausted, slave devices 20 cannot possibly operate in
conjunction with each other to issue a fire alarm.

[0064] In view of this, slave device information obtain-
ment unit 29 directly obtains (causes communication unit
26 to receive), from another slave device 20, a detection
result of the fire detection sensorincluded in such another
slave device 20. This enables slave devices 20 to share
detection information indicating the outbreak of a fire and
operate in conjunction with each other to issue a fire
alarm, even when fire alarm device 10 is in an inactive
state. Note that slave device information obtainment unit
29 may obtain information from another slave device 20
when radio waves can be received from fire alarm device
10.

[0065] As described above, fire alarm device 10 ac-
cording to the present embodiment is a fire alarm device
that wirelessly communicates with at least one slave de-
vice 20 and operates as a master device of the at least
one slave device 20. Fire alarm device 10 includes: mon-
itoring unit 12 that performs monitoring of the atleastone
slave device 20 at regular time intervals to determine
whether the atleastone slave device 20 is in an abnormal
condition; and alarm unit 15 that issues an alarm indicat-
ing that the atleast one slave device 20 is in an abnormal
condition when monitoring unit 12 determines that the at
least one slave device 20 is in an abnormal condition.
After a signal indicating battery exhaustion is received
from any one of the at least one slave device 20, moni-
toring unit 12 does not to determine, in the monitoring,
that slave device 20 is in an abnormal condition even
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when radio waves cannot be received from such slave
device 20.

[0066] This structure enables monitoring unit 12 not to
determine that slave device 20 is in an abnormal condi-
tion in communication due to battery exhaustion, thus
preventing alarm unit 15 from issuing an alarm indicating
that slave device 20 is in an abnormal condition. The
prevention of alarm unit 15 from issuing an alarm indi-
cating that slave device 20 is in an abnormal condition
prevents battery exhaustion of fire alarm device 10. This
structure thus prevents battery exhaustion that occurs in
a chained manner. More specifically, this structure pre-
vents the battery charge of fire alarm device 10 from be-
ing exhausted in a chained manner, following slave de-
vice 20, the battery charge of which is exhausted.
[0067] Also, when the radio waves cannot be received
from slave device 20 within a predetermined period after
a pointin time when the signal indicating battery exhaus-
tion is received from such slave device 20, monitoring
unit 12 may determine that slave device 20 is in an ab-
normal condition.

[0068] With this structure, slave device 20 normally op-
erates for a predetermined period (e.g., one month), for
example, even after the battery charge is exhausted. As
such, a determination can be made of an abnormal con-
dition in communication that is not attributable to battery
exhaustion within such predetermined period after the
battery charge of slave device 20 is exhausted.

[0069] Also, fire alarm device 10 may further include
memory 17 storing information that includes address in-
formation of slave device 20 and information indicating
battery exhaustion in association with each other. Here,
such slave device 20 is one of the at least one slave
device 20 that has sent the signal indicating battery ex-
haustion. In performing the monitoring at regular time
intervals, monitoring unit 12 may compare the address
information of slave device 20 from which the radio waves
cannot be received with address information stored in
memory 17 to determine whether the at least one slave
device 20 is in an abnormal condition.

[0070] This structure enables monitoring unit 12 to de-
termine whether slave device 20 from which the radio
waves cannot be received is slave device 20 which has
sent the signal indicating battery exhaustion.

[0071] Also, fire alarm device 10 may further include
external-output unit 14 that outputs, to an external device,
information indicating that the at least one slave device
20 is in an abnormal condition.

[0072] This structure enables the resident of the facility
to which fire alarm system 1 is applied to see that the at
least one slave device 20 is in an abnormal condition by
use of the external device (mobile terminal, etc.), when,
for example, the resident is away from the facility.
[0073] Also,when the signalindicating battery exhaus-
tion is received from any one of the at least one slave
device 20, external-output unit 14 may output, to the ex-
ternal device, information indicating that a battery charge
of the slave device 20 is exhausted.
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[0074] This structure enables the resident of the facility
to see that the battery charge of slave device 20 is ex-
hausted by use of the external device (mobile terminal,
etc.), when, for example, the resident is away from the
facility.

[0075] Also, when the signalindicating battery exhaus-
tion is received from any one of the at least one slave
device 20 and the radio waves cannot be received from
such slave device 20 thereafter, external-output unit 14
may output, to the external device, information indicating
that such slave device 20 is in an inactive state.

[0076] This structure enables the resident of the facility
to see that the battery charge of slave device 20 is com-
pletely exhausted by use of the external device (mobile
terminal, etc.), when, for example, the resident is away
from the facility.

[0077] Also, fire alarm device 10 may further include
notification unit 13 that sends a signal indicating battery
exhaustion to the at least one slave device 20 when a
battery charge of fire alarm device 10 is exhausted. Fur-
ther, the at least one slave device 20 may include: mon-
itoring unit 22 that monitors fire alarm device 10 atregular
time intervals to determine whether fire alarm device 10
is in an abnormal condition; and alarm unit 25 that issues
an alarm indicating that fire alarm device 10 is in an ab-
normal condition when monitoring unit 22 determines that
fire alarm device 10 is in an abnormal condition. Here,
monitoring unit 22 may not determine, in the monitoring,
that fire alarm device 10 is in an abnormal condition, even
when radio waves cannot be received from fire alarm
device 10, after the signal indicating battery exhaustion
is received from fire alarm device 10.

[0078] This structure enables monitoring unit 22 not to
determine that fire alarm device 10 is in an abnormal
condition in communication due to battery exhaustion,
thus preventing alarm unit 25 from issuing an alarm in-
dicating that fire alarm device 10 is in an abnormal con-
dition. The prevention of alarm unit 25 from issuing an
alarm indicating that fire alarm device 10 is in an abnor-
mal condition prevents battery exhaustion of slave device
20. This structure thus prevents battery exhaustion that
occurs in a chained manner. More specifically, this struc-
ture prevents the battery charge of slave device 20 from
being exhausted in a chained manner, following fire
alarm device 10, the battery charge of which is exhaust-
ed.

[0079] Also, monitoring unit 22 may determine that fire
alarm device 10 is in an abnormal condition when the
radio waves cannot be received from fire alarm device
10 within a predetermined period after a point in time
when the signal indicating battery exhaustion is received
from fire alarm device 10.

[0080] With this structure, fire alarm device 10 normally
operates for a predetermined period (e.g., one month),
for example, even after the battery charge is exhausted.
As such, a determination can be made of an abnormal
condition in communication that is not attributable to bat-
tery exhaustion within such predetermined period after
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the battery charge of fire alarm device 10 is exhausted.
[0081] Also, the at least one slave device 20 may fur-
ther include external-output unit 24 that outputs, to an
external device, information indicating that fire alarm de-
vice 10 is in an abnormal condition.

[0082] This structure enables the resident of the facility
to which fire alarm system 1 is applied to see that fire
alarm device 10 is in an abnormal condition by use of the
external device (mobile terminal, etc.), when, for exam-
ple, the resident is away from the facility.

[0083] Also, external-output unit 24 may output, to the
external device, information indicating that the battery
charge of fire alarm device 10 is exhausted when the
signal indicating battery exhaustion is received from fire
alarm device 10.

[0084] This structure enables the resident of the facility
to see that the battery charge of fire alarm device 10 is
exhausted by use of the external device (mobile terminal,
etc.), when, for example, the resident is away from the
facility.

[0085] Also, external-output unit 24 may output, to the
external device, information indicating that fire alarm de-
vice 10isinaninactive state when the radio waves cannot
be received from fire alarm device 10 after the signal
indicating battery exhaustion is received from fire alarm
device 10.

[0086] This structure enables the resident of the facility
to see that the battery charge of fire alarm device 10 is
completely exhausted by use of the external device (mo-
bile terminal, etc.), when, for example, the resident is
away from the facility.

[0087] Also, the atleast one slave device 20 may com-
prise a plurality of slave devices 20, and each of the plu-
rality of slave devices 20 may further include slave device
information obtainment unit 29 that obtains information
from another one of the plurality of slave devices 20 when
the radio waves cannot be received from fire alarm device
10.

[0088] Thisstructure enables slave devices 20to share
detection information indicating the outbreak of a fire and
operate in conjunction with each other, even when fire
alarm device 10 is in an inactive state.

[0089] Also, fire alarm system 1 according to the
present embodiment includes fire alarm device 10 and
at least one slave device 20.

[0090] This structure provides fire alarm system 1 ca-
pable of preventing battery exhaustion that occurs in a
chained manner.

OTHER EMBODIMENTS

[0091] Fire alarm device 10 according to the embodi-
ment has been described above, but the present inven-
tion is not limited to the above embodiment.

[0092] For example, monitoring unit 12 according to
the embodiment monitors the at least one slave device
20 at regular time intervals (e.g., every 24 hours, etc.),
but may monitor the at least one slave device 20 at ir-

10

15

20

25

30

35

40

45

50

55

10

regular time intervals (e.g., at random timings). Also,
monitoring unit 22 monitors fire alarm device 10 atregular
time intervals, but may monitor fire alarm device 10 at
irregular time intervals.

[0093] Also, for example, when radio waves cannot be
received from slave device 20 within the predetermined
period after the point in time when a signal indicating
battery exhaustion is received from such slave device
20, monitoring unit 12 according to the embodiment de-
termines that such slave device 20 is in an abnormal
condition, but such process may not be performed. Stat-
ed differently, monitoring unit 12 may determine that
slave device 20 is not in an abnormal condition when
radio waves cannot be received from such slave device
20 within the predetermined period after the pointin time
when the signal indicating battery exhaustion is received
form such slave device 20.

[0094] Also, for example, memory 17 according to the
embodiment stores information that includes the address
information of slave device 20, among the at least one
slave device 20, which has sent the signal indicating bat-
tery exhaustion and the information indicating battery ex-
haustion in association with each other, but may not store
such information.

[0095] Also, for example, fire alarm device 10 accord-
ing to the embodiment includes external-output unit 14,
but may not include it.

[0096] Also, for example, fire alarm device 10 accord-
ing to the embodiment includes noatification unit 13, but
may notinclude it. Stated differently, slave device 20 may
not receive a signal indicating battery exhaustion from
fire alarm device 10, and may not have the function of
preventing battery exhaustion that occurs in a chained
manner.

[0097] Also, for example, the at least one slave device
20 according to the embodimentincludes external-output
unit 24, but may not include it.

[0098] Also, forexample, each of the atleast one slave
device 20 according to the embodiment includes slave
device information obtainment unit 29, but may not in-
clude it.

[0099] Also, for example, the at least one slave device
20 according to the embodiment is a plurality of slave
devices 20, but may be one slave device 20.

[0100] Also, for example, fire alarm device 10 in fire
alarm system 1 may serve as slave device 20, and any
one of the at least one slave device 20 may serve as fire
alarm device 10.

[0101] Also, the presentinventionis embodied notonly
as fire alarm device 10, but also as an abnormality de-
termination method thatincludes steps (processes) to be
performed by the structural components included in fire
alarm device 10.

[0102] More specifically, such abnormality determina-
tion method is a method of determining an abnormal con-
dition in communication performed by fire alarm device
10 that wirelessly communicates with at least one slave
device 20 and operates as a master device of the at least
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one slave device 20. Such abnormality determination
method includes, as shown in FIG. 3, performing moni-
toring of the at least one slave device 20 at regular time
intervals to determine whether the at least one slave de-
vice 20 is in an abnormal condition (step S11 and step
S12); and issuing an alarm indicating that the at least
one slave device 20 is in an abnormal condition when
the at least one slave device 20 is determined, in the
performing of the monitoring, as being in an abnormal
condition (Yes in step S12) (step S13). As shown in FIG,
4, after a signal indicating battery exhaustion is received
from any one of the at least one slave device 20 (step
S21), such slave device 20 is not determined, in the per-
forming of the monitoring, as being in an abnormal con-
dition (step S23) even when radio waves cannot be re-
ceived from such slave device 20 (No in step S22).
[0103] Also,the presentinventionis embodied not only
asfire alarm system 1, but also as a method that includes
steps (processes) to be performed by the structural com-
ponents included in fire alarm system 1.

[0104] These steps may be executed, for example, by
a computer (computer system). The present invention is
embodied as a program that causes the computer to ex-
ecute the steps included in such method. The present
invention is further embodied as a non-transitory, com-
puter-readable recording medium, such as a CD-ROM,
storing such program.

[0105] When the present invention is embodied as a
program (software), its steps are executed by executing
the program using hardware resources of a computer
such as a CPU, amemory, and input/output circuits. Stat-
ed differently, the steps are executed by the CPU obtain-
ing data from the memory or the input/output circuits, etc.
to perform arithmetic operations, and outputting the re-
sults of the arithmetic operations to the memory or the
input/output circuits, etc.

[0106] Also, the structural components included in fire
alarm device 10 and fire alarm system 1 according to the
embodiment may be implemented as dedicated or gen-
eral-purpose circuits.

[0107] Also, the structural components included in fire
alarm device 10 and fire alarm system 1 according to the
embodiment may be embodied as a large scale integra-
tion (LSI), which is an integrated circuit (IC).

[0108] The IC is notlimited to an LSI, and thus may be
a dedicated circuit or a general-purpose processor. A
field programmable gate array (FPGA) that allows for pro-
gramming or a reconfigurable processor that allows for
reconfiguration of the connection and the settings of cir-
cuit cells inside an LS| may be employed.

[0109] Furthermore, when the progress in a semicon-
ductor technology or another derivative technology re-
sults an IC technology that replaces LSI, such new tech-
nology may of course be employed to integrate the struc-
tural components included in fire alarm device 10 and
fire alarm system 1 onto a circuit.

[0110] In addition, the present invention includes var-
iations achieved by making various modifications to the
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1"

embodiment that can be conceived by those skilled in
the art, and embodiments achieved by combining any
structural components and functions in each embodi-
ment without departing from the essence of the present
invention.

REFERENCE MARKS IN THE DRAWINGS

[0111]

1 fire alarm system

10 fire alarm device

12 monitoring unit (first monitoring unit)

13, 23  notification unit

14 external-output unit (first external-output unit)

15 alarm unit (first alarm unit)

17 memory (storage unit)

20 slave device

22 monitoring unit (second monitoring unit)

24 external-output unit (second external-output
unit)

25 alarm unit (second alarm unit)

29 slave device information obtainment unit

Claims

1. A fire alarm device that wirelessly communicates
with atleast one slave device and operates as a mas-
ter device of the at least one slave device, the fire
alarm device comprising:

afirstmonitoring unit configured to perform mon-
itoring of the at least one slave device at regular
or irregular time intervals to determine whether
the at least one slave device is in an abnormal
condition; and

a first alarm unit configured to issue an alarm
indicating that the at least one slave device is in
an abnormal condition when the first monitoring
unitdetermines thatthe atleastone slave device
is in an abnormal condition,

wherein after a signal indicating battery exhaus-
tion is received from any one of the at least one
slave device, the first monitoring unit is config-
ured not to determine, in the monitoring, that the
slave device is in an abnormal condition even
when radio waves cannot be received from the
slave device.

2. The fire alarm device according to claim 1,
wherein when the radio waves cannot be received
from the slave device within a predetermined period
after a pointin time when the signal indicating battery
exhaustion is received from the slave device, the first
monitoring unit is configured to determine that the
slave device is in an abnormal condition.
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3. The fire alarm device according to claim 1 or 2, fur-

ther comprising:

a storage unit configured to store information
that includes address information of the slave
device and information indicating battery ex-
haustion in association with each other, the
slave device being a slave device, among the
atleast one slave device, that has sentthe signal
indicating battery exhaustion,

wherein in the monitoring, the first monitoring
unit is configured to compare the address infor-
mation of the slave device from which the radio
waves cannot be received with address infor-
mation stored in the storage unit to determine
whether the at least one slave device is in an
abnormal condition.

The fire alarm device according to any one of claims
1 through 3, further comprising:

a first external-output unit configured to output, to an
external device, information indicating that the at
least one slave device is in an abnormal condition.

The fire alarm device according to claim 4,

wherein when the signal indicating battery exhaus-
tion is received from any one of the atleast one slave
device, the first external-output unit is configured to
output, to the external device, information indicating
that a battery charge of the slave device is exhaust-
ed.

The fire alarm device according to claim 4 or 5,
wherein when the signal indicating battery exhaus-
tion is received from any one of the atleast one slave
device and the radio waves cannot be received from
the slave device thereafter, the first external-output
unit is configured to output, to the external device,
information indicating that the slave device is in an
inactive state.

The fire alarm device according to any one of claims
1 through 6, further comprising:

a notification unit configured to send a signal indi-
cating battery exhaustion to the at least one slave
device when a battery charge of the fire alarm device
is exhausted.

The fire alarm device according to claim 7,
wherein the at least one slave device includes:

a second monitoring unit configured to monitor
the fire alarm device at regular or irregular time
intervals to determine whether the fire alarm de-
vice is in an abnormal condition; and

a second alarm unit configured to issue an alarm
indicating that the fire alarm device is in an ab-
normal condition when the second monitoring
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unit determines that the fire alarm device is in
an abnormal condition,

wherein the second monitoring unitis configured
not to determine, in the monitoring, that the fire
alarm device is in an abnormal condition, even
when radio waves cannot be received from the
fire alarm device, after the signal indicating bat-
tery exhaustion is received from the fire alarm
device.

The fire alarm device according to claim 8,

wherein the second monitoring unit is configured to
determine that the fire alarm device is in an abnormal
condition when the radio waves cannot be received
from the fire alarm device within a predetermined
period after a point in time when the signal indicating
battery exhaustion is received from the fire alarm
device.

The fire alarm device according to claim 8 or 9,
wherein the at least one slave device further includes
a second external-output unit configured to output,
to an external device, information indicating that the
fire alarm device is in an abnormal condition.

The fire alarm device according to claim 10,
wherein the second external-output unit is config-
ured to output, to the external device, information
indicating that the battery charge of the fire alarm
device is exhausted when the signal indicating bat-
tery exhaustion is received from the fire alarm de-
vice.

The fire alarm device according to claim 10 or 11,
wherein the second external-output unit is config-
ured to output, to the external device, information
indicating that the fire alarm device is in an inactive
state when the radio waves cannot be received from
the fire alarm device after the signal indicating bat-
tery exhaustion is received from the fire alarm de-
vice.

The fire alarm device according to any one of claims
8 through 12, wherein the at least one slave device
comprises a plurality of slave devices, and

each of the plurality of slave devices further includes
a slave device information obtainment unit config-
ured to obtain information from another one of the
plurality of slave devices when the radio waves can-
not be received from the fire alarm device.

A fire alarm system, comprising:
the fire alarm device according to any one of
claims 1 through 13; and

the at least one slave device.

An abnormality determination method of determining
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an abnormal condition in communication performed
by a fire alarm device that wirelessly communicates
with atleast one slave device and operates as amas-
ter device of the at least one slave device, the ab-
normality determination method comprising:

performing monitoring of the at least one slave
device at regular or irregular time intervals to
determine whether the at least one slave device
is in an abnormal condition; and

issuing an alarm indicating that the at least one
slave device is in an abnormal condition when
the at least one slave device is determined, in
the performing of the monitoring, as being in an
abnormal condition,

wherein after a signal indicating battery exhaus-
tion is received from any one of the at least one
slave device, the slave device is not determined,
in the performing of the monitoring, as being in
an abnormal condition even when radio waves
cannot be received from the slave device.

16. A program that causes a computer to execute the
abnormality determination method according to
claim 15.
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