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(54) PLUG CONNECTOR

(57) A plug connector which can improve the con-
venience is provided. A plug connector (1) includes: a
sound collector (22) configured to collect a sound around
the plug connector and generates a sound signal in form
of an electric signal; and a determination processor (24)
configured to detect a target sound as a detection target
based on the sound signal to determine whether or not
an event associated with generation of the target sound

occurs. The plug connector (1) is provided with, as the
target sound, a plurality of types of target sounds. The
determination processor (24) has a first mode and a sec-
ond mode as operation modes. The determination proc-
essor (24) detects a first target sound and a second target
sound of the target sounds in the first mode and the sec-
ond mode respectively. The first target sound and the
second target sound are different in type.
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Description

Technical Field

[0001] The present invention relates to a plug connec-
tor

Background Art

[0002] A multi-functional plug connector having a func-
tion in addition to a function as wiring accessories is
known (see, for example, Patent Literature 1). The plug
connector (a power measurement tap) in Patent Litera-
ture 1 measures power supplied to an electrical device
connected to the plug connector and transmits power
consumption information denoting a measurement result
to a wireless adapter by a wireless signal.
[0003] In such a multi-functional plug connector, there
is a need for ease of use for a function in addition to a
function as wiring accessories, and improvement of con-
venience is desired.

Citation List

Patent Literature

[0004] Patent Literature 1: JP 2014-185965 A

Summary of Invention

[0005] In view of the foregoing, it is an object of the
present invention to provide a plug connector configured
to improve convenience.
[0006] A plug connector according to one aspect of the
present invention is a plug connector for wiring, including
an attachment plug and a plug receptacle. The plug con-
nector includes a sound collector and a determination
processor. The sound collector is configured to collect
an ambient sound to generate a sound signal in form of
an electric signal. The determination processor is con-
figured to detect a target sound as a detection target
based on the sound signal to determine whether or not
an event associated with generation of the target sound
occurs. The plug connector is provided with, as the target
sound, a plurality of types of target sounds. The deter-
mination processor has a first mode and a second mode
as operation modes. The determination processor is con-
figured to detect a first target sound of the plurality of
types of target sounds in the first mode and detect a sec-
ond target sound of the plurality of types of target sounds
in the second mode. The type of the first target sound
and the type of the second target sound are different from
each other.

Brief Description of Drawings

[0007]

FIG. 1 is a block diagram illustrating a plug connector
according to one embodiment of the present inven-
tion;
FIG. 2A is an exterior perspective view illustrating
the plug connector, and FIG. 2B is an exterior per-
spective view illustrating the plug connector which
is connected to a socket and to which a power supply
cable is connected;
FIG. 3 is a first example waveform diagram of a
sound signal generated by a sound collector of the
plug connector; and
FIG. 4 is a second example waveform diagram of
the sound signal generated by the sound collector
of the plug connector.

Description of Embodiments

[0008] With reference to the drawings, an embodiment
of the present invention will be described below. The fol-
lowing embodiment generally relates to plug connectors
and more specifically, to a plug connector for wiring, in-
cluding an attachment plug and a plug receptacle. Note
that FIGS. 2A and 2B described in the following embod-
iment are schematic views, and the dimensional ratio of
components in these figures does not necessarily corre-
spond to their actual dimensional ratio.

(Embodiment)

<Schema>

[0009] FIG. 1 is a block diagram illustrating a plug con-
nector 1 of the present embodiment. FIGS. 2A and 2B
are exterior perspective views illustrating the plug con-
nector 1. The plug connector 1 is a plug connector (a so-
called power supply tap) for wiring, including an attach-
ment plug 11 and a plug receptacle 12. The plug con-
nector 1 serves as a security sensor and a remote con-
troller which are configured to perform prescribed oper-
ations when an event causing an impulse sound (target
sound) occurs around the plug connector 1. When serv-
ing as the security sensor, the plug connector 1 notifies
an external apparatus of an abnormality in case of oc-
currence of an event causing an impulse sound around
the plug connector 1. Moreover, when serving as the re-
mote controller, the plug connector 1 controls an electri-
cal device 4 in case of occurrence of an event causing
an impulse sound around the plug connector 1.
[0010] In the present embodiment, "impulse sound" re-
fers to a sound whose frequency component is large over
a broad bandwidth and whose sound pressure level un-
expectedly increases and decreases. Examples of the
event causing an impulse sound include hitting a pane
of glass, collision of two objects with each other, clapping
hands, clicking fingers, and knocking doors or walls. Ex-
amples of types of impulse sounds include a sound of
hitting a pane of glass, a collision sound, a sound of clap-
ping hands, a sound of clicking fingers, and a knocking
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sound. The impulse sounds are different in type depend-
ing on events generating the impulse sounds. More spe-
cifically, the impulse sounds are different in audio char-
acteristics. As mentioned herein, "audio characteristics"
denotes a sound pressure level (SPL), a frequency char-
acteristic, a waveform pattern (a time change character-
istic of the sound pressure level), and the like. Note that
the above-described impulse sounds and events are
mere examples and are not limited to these examples.

<Configuration>

[0011] The configuration of the plug connector 1 ac-
cording to the present embodiment will be described in
detail below.
[0012] The plug connector 1 of the present embodi-
ment includes the attachment plug 11, the plug recepta-
cle 12, a switch 21, a sound collector 22, a storage section
23, a determination processor 24, a communicator 25, a
controller 26, a mode setting section 27, and a filter 28.
As illustrated in FIGS. 2A and 2B, the plug connector 1
has a housing 10 in the shape of a rectangular parallel-
epiped.
[0013] The attachment plug 11 includes a pair of con-
tacts 111 protruding from a rear surface of the housing
10 and is connectable to a plug receptacle 31 of a socket
3 (receptacle). FIG. 2B shows a state where the pair of
contacts 111 of the attachment plug 11 is connected to
the plug receptacle 31 through a pair of insertion holes
311 formed in a front surface of a housing of the socket 3.
[0014] To the plug receptacle 12 is connectable a pair
of contacts of an attachment plug 41 provided at one end
of a power supply cable 40 of the electrical device 4. FIG.
2B shows a state where the pair of contacts of the at-
tachment plug 41 is connected to the plug receptacle 12
through a pair of insertion holes 121 formed in a front
surface of the housing 10. Moreover, in FIG. 2B, a lighting
fixture 400 (floor lamp) is shown as an example of the
electrical device 4. The electrical device 4 is not limited
to the lighting fixture 400 but may be another device.
[0015] The switch 21 includes, for example, a relay.
The switch 21 is configured to make and break electrical
connection between the attachment plug 11 and the plug
receptacle 12. When the switch 21 is in an ON state, the
attachment plug 11 and the plug receptacle 12 are elec-
trically connected to each other. When the switch 21 is
in an OFF state, the attachment plug 11 and the plug
receptacle 12 are electrically disconnected. Thus, in the
example shown in FIG. 2B, when the switch 21 is in the
ON state, electric power is supplied from a commercial
power supply 300 (see FIG. 1) to the electrical device 4
(lighting fixture 400), and when the switch 21 is in the
OFF state, electric power is not supplied from the com-
mercial power supply 300 to the electrical device 4. The
switch 21 is controlled by the controller 26. Note that the
switch 21 is not limited to the relay but may include a
semiconductor switch.
[0016] The sound collector 22 includes, for example,

a microphone and is disposed in the housing 10. The
sound collector 22 is configured to collect a sound gen-
erated around the plug connector 1 through a sound col-
lector pore 13 which is round and which is formed in the
front surface of the housing 10. The sound collector 22
is configured to convert the sound collected into a sound
signal in form of an electric signal. The magnitude of an
amplitude of the sound signal increases as the sound
pressure level of the sound collected by the sound col-
lector 22 increases. The sound collector 22 is configured
to output the sound signal thus generated to the deter-
mination processor 24 via the filter 28. Note that the
sound collector 22 may output the sound signal as an
analog signal or convert the sound signal into a digital
signal and output the digital signal.
[0017] The storage section 23 includes, for example,
electrically erasable programmable read-only memory
(EEPROM) and stores a plurality of pieces of reference
data corresponding to a plurality of types of impulse
sounds on a one-to-one basis. The pieces of reference
data are sound signals obtained through conversion of
the impulse sounds.
[0018] The determination processor 24 is configured
to detect an impulse sound (target sound) as a detection
target based on the sound signal generated by the sound
collector 22 to determine whether or not an event asso-
ciated with generation of the impulse sound occurs. The
plug connector is provided with, as the impulse sound, a
plurality of types of impulse sounds.
[0019] The determination processor 24 compares the
sound signal generated by the sound collector 22 with
the plurality of pieces of reference data stored in the stor-
age section 23. More specifically, the determination proc-
essor 24 compares the audio characteristic of the sound
signal generated by the sound collector 22 with audio
characteristics of the plurality of pieces of reference data
stored in the storage section 23. Thus, the determination
processor 24 distinguishes the type of the impulse sound.
If the plurality of pieces of reference data include refer-
ence data which matches with the sound signal gener-
ated by the sound collector 22, the determination proc-
essor 24 determines that a type of impulse sound corre-
sponding to the reference data occurs. However, if the
plurality of pieces of reference data includes no reference
data which matches with the sound signal generated by
the sound collector 22, the determination processor 24
determines that no impulse sound occurs. Note that "ref-
erence data which matches with the audio characteristic
of the sound signal generated by the sound collector 22"
refers to reference data corresponds to an impulse sound
which has an audio characteristic similar to that of the
sound signal generated by the sound collector 22 and
which can be regarded as the same type as the sound
collected by the sound collector 22.
[0020] Moreover, the determination processor 24 in-
cludes an absence mode (first mode) and a home mode
(second mode) as operation modes and is configured to
detect different types of impulse sounds (target sounds)
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between the absence mode and the home mode.
[0021] In the present embodiment, the detection target
in the absence mode is associated with an impulse sound
(first target sound) generated due to an unexpectedly
occurring event. Examples of the first target sound in-
clude a sound of hitting a pane of glass and a crash
sound. That is, the determination processor 24 is config-
ured to detect, in the absence mode, a plurality of impulse
sounds such as a sound of hitting a pane of glass and a
crash sound as first target sounds. Note that the first tar-
get sound does not necessarily have to include the plu-
rality of types of impulse sounds (target sounds) but may
be one type of impulse sound (target sound).
[0022] Moreover, the detection target in the home
mode is associated with an impulse sound (second target
sound) generated due to an event intentionally caused
by a user. Examples of the second target sound include
a sound of clapping hands, a sound of clicking fingers,
and a knocking sound. That is, the determination proc-
essor 24 is configured to detect, in the home mode, a
plurality of types of impulse sounds such as a sound of
clapping hands, a sound of clicking fingers, and a knock-
ing sound as second target sounds. Note that the second
target sound does not necessarily have to include the
plurality of types of impulse sounds (target sounds) but
may be one type of impulse sound (target sound).
[0023] The determination processor 24 compares the
sound signal generated by the sound collector 22 with
reference data. The reference data corresponds to at
least one type of impulse sound as the detection target
and is included in the plurality of pieces of reference data
stored in the storage section 23. The determination proc-
essor 24 thus detects the generation of the impulse sound
as the detection target. In other words, the determination
processor 24 does not detect the generation of the im-
pulse sound other than the detection target.
[0024] The determination processor 24 determines,
based on the operation mode and a detecting result of
the impulse sound, whether or not an event associated
with generation of the impulse sound occurs.
[0025] It is assumed that when the operation mode of
the determination processor 24 is the absence mode (first
mode), the amplitude of the sound signal reaches or ex-
ceeds a threshold Th1 within a determination time T1
after the generation of an impulse sound (first target
sound) as the detection target is detected by the deter-
mination processor 24 (see FIG. 3). In this case, the de-
termination processor 24 determines that an event as-
sociated with generation of the impulse sound (first target
sound) as the detection target occurs. FIG. 3 is a wave-
form diagram schematically illustrating an envelope of
the sound signal and illustrates an example in which the
sound signal reaches or exceeds the threshold Th1 within
the determination time T1. The determination processor
24 includes a clock unit 241 configured to start clocking
when the determination processor 24 detects the impulse
sound (first target sound), and during a time period until
a clocking result by the clock unit 241 reaches the deter-

mination time T1, the determination processor 24 moni-
tors the amplitude of the sound signal. The determination
time T1 is set to, for example, 30 seconds.
[0026] In the example shown in FIG. 3, the determina-
tion processor 24 detects the impulse sound (first target
sound) at a time t1, and clocking by the clock unit 241 is
started. Due to a sound generated after the generation
of the impulse sound (first target sound), the amplitude
of the sound signal is higher than the threshold Th1 from
a time t2 through a time t3. The determination processor
24 determines that an event associated with generation
of the impulse sound (first target sound) occurs at the
time t3. In contrast, when the sound signal does not reach
or exceed the threshold Th1 within the determination time
T1, the determination processor 24 determines that no
event associated with generation of the impulse sound
(first target sound) occurs. Thus, it is possible to reduce
erroneous determinations of whether or not an event as-
sociated with generation of the impulse sound (first target
sound) as a detection target occurs when the impulse
sound is generated once.
[0027] Moreover, it is assumed that when the operation
mode of the determination processor 24 is the home
mode (second mode), the determination processor 24
detects an impulse sound (second target sound) twice
or more within a specified time T2. In this case, the de-
termination processor 24 determines that an event as-
sociated with generation of the impulse sound (second
target sound) as the detection target occurs (see FIG.
4). FIG. 4 is a waveform diagram schematically illustrat-
ing an envelope of the sound signal and illustrates an
example in which the impulse sound (second target
sound) occurs four times within the specified time T2.
The determination processor 24 includes a counter 242
configured to count the number of times the impulse
sound (second target sound) is detected. Clocking by the
clock unit 241 is started when the determination proces-
sor 24 detects the impulse sound (second target sound).
The counter 242 is configured to count the number of
times of detecting the impulse sound (second target
sound) during a time period until the clocking result by
the clock unit 241 reaches the specified time T2. When
the clock unit 241 is measuring the specified time T2, the
clock unit 241 does not reset a measured value even
when the impulse sound (second target sound) is detect-
ed, but the clock unit 241 resets the measured value
when the measured value reaches the specified time T2.
The specified time T2 is set, for example, to 3 seconds.
Moreover, the determination processor 24 is configured
not to detect the impulse sound (second target sound)
when the time interval of the impulse sound (second tar-
get sound) is shorter than a predetermined time (e.g.,
200 ms).
[0028] In the example shown in FIG. 4, the determina-
tion processor 24 detects the impulse sound (second tar-
get sound) at times t11, t12, tl3, and t14, and the count
value of the counter 242 is four (that is, a plurality of
number of times), and therefore, the determination proc-
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essor 24 determines that an event associated with gen-
eration of the impulse sound (second target sound) oc-
curs. In contrast, when the impulse sound (second target
sound) is detected once within the specified time T2, the
determination processor 24 determines that no event as-
sociated with generation of the impulse sound (second
target sound) occurs. Thus, it is possible to reduce erro-
neous determinations of whether or not an event asso-
ciated with generation of the impulse sound (second tar-
get sound) as a detection target occurs when the impulse
sound (second target sound) is generated once.
[0029] Moreover, when the count value of the counter
242 exceeds the maximum number of times (e.g., 10),
the determination processor 24 determines that no event
associated with generation of the impulse sound (second
target sound) occurs. Note that the determination proc-
essor 24 may be configured to determine, in accordance
with whether or not the impulse sound (second target
sound) is generated during a time period before the spec-
ified time T2 starts and during a time period after the
specified time T2 ends, whether or not the event associ-
ated with generation of the impulse sound (second target
sound) occurs. Specifically, a predetermined time period
directly before first detection of the impulse sound (sec-
ond target sound) detected twice or more within the spec-
ified time T2 is defined as a first time period, and a pre-
determined time period directly after last detection of the
impulse sound (second target sound) is defined as a sec-
ond time period. When detecting an impulse sound (sec-
ond target sound) during the first time period and the
second time period, the determination processor 24 de-
termines that no event associated with generation of the
impulse sound (second target sound) occurs.
[0030] That is, when the impulse sound (second target
sound) is successively and continuously generated, the
specified time T2 is repeatedly measured. In this case,
in each one specified time T2, a silent time period during
which the impulse sound (second target sound) is not
detected is reduced before starting of the specified time
T2 and after ending of the specified time T2, and the
number of times of detection exceeds the maximum
number of times. Thus, the determination processor 24
determines that no event associated with generation of
the impulse sound (second target sound) occurs. Thus,
the determination processor 24 is suppressed from er-
roneously determining whether or not an event associ-
ated with generation of the impulse sound (second target
sound) occurs when the impulse sound (second target
sound) is successively and continuously generated over
a longer time than the specified time T2.
[0031] Moreover, the determination processor 24 as-
sociates the number of times the impulse sound (second
target sound) is detected within the specified time T2 with
contents of an event. For example, when the determina-
tion processor 24 detects an impulse sound (second tar-
get sound) generated by clapping hands two times within
the specified time T2, the determination processor 24
determines that an event of clapping hands two times

occurs.
[0032] Alternatively, the determination processor 24
may be configured to measure the time interval between
impulse sounds (second target sounds). When the im-
pulse sound (second target sound) is generated a pre-
determined number of times at a predetermined time in-
terval, the determination processor 24 determines that
an event involving generation of the impulse sound (sec-
ond target sound) occurs. For example, when the deter-
mination processor 24 detects the impulse sound (sec-
ond target sound) generated by clapping hands three
times at a time interval of 0.5 seconds to 1 second and
detects no impulse sound (second target sound) during
a period of one second after detection of the third impulse
sound (second target sound), the determination proces-
sor 24 determines that an event of clapping hands three
times occurs. Moreover, when the determination proces-
sor 24 detects an impulse sound (second target sound)
generated at a prescribed rhythm, the determination
processor 24 determines that an event of clapping hands
at a prescribed rhythm occurs.
[0033] The communicator 25 includes a communica-
tion interface and is configured to communicate with a
server 5 (external apparatus). Specifically, the commu-
nicator 25 communicates with the server 5 via a commu-
nication device 51. The communication device 51 is, for
example, a modem, an optical network unit (ONU), or
the like and is configured to communicate with the server
5 via a telecommunications network NT1 (e.g., Internet
network).
[0034] The controller 26 includes a central processing
unit (CPU), a micro processing unit (MPU), or the like.
The controller 26 is configured to control the switch 21
and the communicator 25 in accordance with the deter-
mination result by and the operation mode of the deter-
mination processor 24. When the determination proces-
sor 24 determines that an event occurs with the operation
mode being the absence mode, the controller 26 causes
the communicator 25 to transmit a determination result
by the determination processor 24 to the server 5. More-
over, when the determination processor 24 determines
that an event occurs with the operation mode being the
home mode, the controller 26 turns on or off the switch
21 in accordance with the content of the event which
occurs. For example, the controller 26 turns on the switch
21 when the determination processor 24 determines that
an event of clapping hands two times occurs, and the
controller 26 turns off the switch 21 when the determina-
tion processor 24 determines that an event of clapping
hands four times occurs. Alternatively, the controller 26
may control the switch 21 to be alternately turned on and
off, for example, each time the determination processor
24 determines that an event of clapping hands two times
occurs.
[0035] The mode setting section 27 sets the operation
mode of the determination processor 24 to one of the
absence mode and the home mode. The mode setting
section 27 is configured to communicate with the server
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5 via the communicator 25, and based on a setting signal
received from the server 5, the mode setting section 27
sets the operation mode of the determination processor
24 to one of the absence mode and the home mode.
Specifically, a user operates, for example, a portable ter-
minal 6 (e.g., a smartphone) to select one of the absence
mode and the home mode to which the operation mode
of the determination processor 24 is to be set. The port-
able terminal 6 notifies the server 5 via the telecommu-
nications network NT1 of the operation mode thus se-
lected. The server 5 generates, based on the notification
content from the portable terminal 6, a setting signal de-
noting the operation mode to which the determination
processor 24 is to be set. The server 5 transmits the
setting signal thus generated to the mode setting section
27 over the telecommunications network NT1. The mode
setting section 27 sets, based on the setting signal thus
received, the operation mode of the determination proc-
essor 24 to one of the absence mode and the home mode.
Note that a method for setting the operation mode of the
determination processor 24 is not limited to the above-
described example. For example, a user may perform an
operation to an operation terminal provided to a dwelling
house to select the operation mode to cause the mode
setting section 27 to set the operation mode of the de-
termination processor 24. Alternatively, the mode setting
section 27 may be configured to set the operation mode
of the determination processor 24 in accordance with the
contents of an operation performed on an operation sec-
tion (e.g., switch) disposed to the plug connector 1.
[0036] The setting signal transmitted from the server
5 to the mode setting section 27 may include data about
the types of impulse sounds corresponding to the ab-
sence mode and the types of impulse sounds corre-
sponding to the home mode. The mode setting section
27 sets, based on the setting signal, the types of impulse
sounds as detection targets when the determination
processor 24 is in the absence mode and the types of
impulse sounds as detection targets when the determi-
nation processor 24 is in the home mode for the deter-
mination processor 24.
[0037] The filter 28 includes a high-pass filter. The filter
28 is configured to remove a low-frequency component
from the sound signal output from the sound collector 22
to output a resultant signal to the determination processor
24. The low-frequency component removed by the filter
28 is set to, for example, about 2 kHz. The low-frequency
component corresponds to the frequency of a sound sen-
sitively audible by the human ear. An auditory signal and
the like of an electrical device in many cases include a
frequency component which peaks at this frequency. Re-
moving the low-frequency component by the filter 28 from
the sound signal generated by the sound collector 22
reduces erroneous detections of the auditory signal and
the like of the electrical device as the impulse sounds of
the detection target by the determination processor 24.
[0038] Alternatively, the controller 26 may be config-
ured to control the switch 21 based on the control signal

received from the server 5. A user operates, for example,
the portable terminal 6 to select ON or OFF of the switch
21. The portable terminal 6 notifies the server 5 via the
telecommunications network NT1 of information about
ON or OFF of the switch 21 thus selected. The server 5
generates a control signal denoting the information about
ON or OFF of the switch 21 based on the notification
content from the portable terminal 6 and transmits the
control signal to the controller 26. The controller 26 re-
ceives the control signal and turns on or off the switch
21 based on the control signal.

<Operation>

[0039] Next, operation of the plug connector 1 accord-
ing to the present embodiment will be described. First,
operation performed when the operation mode of the de-
termination processor 24 is set to the absence mode (first
mode) will be described.
[0040] When the operation mode of the determination
processor 24 is set to the absence mode, the detection
target of the determination processor 24 is the impulse
sound (first target sound), such as a sound of hitting a
pane of glass and a crash sound, generated due to a
suddenly occurring event. When the amplitude of the
sound signal reaches or exceeds the threshold Th1 within
the determination time T1 from detecting of the genera-
tion of the impulse sound (first target sound) as a detec-
tion target, the determination processor 24 determines
that an event associated with generation of the impulse
sound (first target sound) occurs (see FIG. 3).
[0041] Here, an example in which an invader breaks a
window glass and invades a dwelling house will be de-
scribed.
[0042] When an invader hit a window glass to break a
window glass, an impulse sound (first target sound) is
generated. The determination processor 24 detects the
impulse sound (first target sound), and clocking by the
clock unit 241 is started.
[0043] The invader who has hit and broken the window
glass opens the window, invades and explores in the
dwelling house. When the invader explores, various
sounds such as a sound of opening and closing windows,
doors, drawers, and the like, and a sound of footsteps,
a rustle sound of clothes, and the like are generated. That
is, when an invader hits and breaks a window glass and
invades a dwelling house, a sound other than the impulse
sound may be generated due to the movement of the
invader after the breaking of the window glass. The de-
termination processor 24 compares the amplitude of the
sound signal with the threshold Th1 to detect the gener-
ation of the sound caused due to the movement of the
invader. When within the determination time T1 from de-
tecting of the impulse sound (first target sound) generat-
ed due to hitting the glass window, the determination
processor 24 detects a sound generated due to the move-
ment of an invader, the determination processor 24 de-
termines that an event associated with a sound of hitting
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a pane of glass (the impulse sound, the first target sound)
is generated.
[0044] Since the determination processor 24 deter-
mines that the event occurs with the determination proc-
essor being in the absence mode, the controller 26 caus-
es the communicator 25 to transmit a determination result
by the determination processor 24 to the server 5. Thus,
the server 5 is notified of the occurrence of the event of
hitting a pane of glass. When the server 5 is notified of
the occurrence of the event of hitting a pane of glass, the
server 5 notifies the portable terminal 6 of a user of the
occurrence of the event of hitting a pane of glass. More-
over, the server 5 is configured to control a camera 101
and an alarm 102 disposed in the dwelling house via the
communication device 51 so as to cause the camera 101
to capture images and cause the alarm 102 to rumble.
The camera 101 transmits an image or a moving image
which is captured to the server 5 and the portable terminal
6. Moreover, the server 5 notifies a management com-
pany 7 of the occurrence of the event of hitting a pane
of glass. The management company 7 contacts a com-
munication terminal 103 disposed in the dwelling house
to confirm safety via a telephone network NT2. The com-
munication terminal 103 preferably has a hands-free
function. Note that the operation of the server 5 is a mere
example, and server 5 may be configured to perform oth-
er operation than the above-described operation.
[0045] Thus, the plug connector 1 functions as a se-
curity sensor configured to notify the server 5 of an ab-
normality when the impulse sound (first target sound) is
generated due to an event which suddenly occurs around
the plug connector 1 with the operation mode of the de-
termination processor 24 being set to the absence mode
(first mode).
[0046] Next, operation in an example in which the op-
eration mode of the determination processor 24 is set to
the home mode (second mode) will be described.
[0047] When the operation mode of the determination
processor 24 is set to the home mode, the detection tar-
get of the determination processor 24 corresponds to
types of impulse sounds (second target sounds), such
as a sound of clapping hands, a sound of clicking fingers,
and a knocking sound caused due to an event intention-
ally caused by a user. When the number of times an
impulse sound (second target sound) is detected within
the specified time T2 is two or more but is smaller than
the maximum number of times (see FIG. 4), the determi-
nation processor 24 determines that an event associated
with generation of the impulse sound (second target
sound) occurs.
[0048] Here, description is given of, for example, a
case where a user present in the dwelling house claps
hands two times and a case where a user present in the
dwelling house claps hands four times, wherein for both
of the cases, the lighting fixture 400 as the electrical de-
vice 4 is connected to the plug connector 1 (see FIG. 2B).
[0049] A user claps hands to generate the impulse
sound (second target sound). The determination proces-

sor 24 detects the impulse sound (second target sound),
and the counter 242 counts the number of times the im-
pulse sound (second target sound) is detected within the
specified time T2. When the determination processor 24
detects the impulse sound (second target sound) two
times generated by clapping hands within the specified
time T2, the determination processor determines that an
event of clapping hands two times occurs. Moreover,
when the determination processor 24 detects the impulse
sound (second target sound) four times generated by
clapping hands within the specified time T2, the determi-
nation processor determines that an event of clapping
hands four times occurs.
[0050] The controller 26 determines that the event oc-
curs with the determination processor 24 being in the
home mode, and therefore, the controller 26 controls the
switch 21 in accordance with the determination result by
the determination processor 24. Here, the controller 26
turns on the switch 21 when the determination result by
the determination processor 24 is "clapping hands two
times". Thus, electric power is supplied from the com-
mercial power supply 300 to the lighting fixture 400, and
thus, the lighting fixture 400 is lit. Moreover, when the
determination result by the determination processor 24
is "clapping hands four times", the controller 26 turns off
the switch 21. Thus, supply of the electric power to the
lighting fixture 400 is interrupted, and thus, the lighting
fixture 400 is unlit. Note that a relationship between the
contents of the event associated with generation of the
impulse sound (second target sound) and ON and OFF
of the switch 21 is a mere example and is not limited to
the above-described example.
[0051] Thus, when the operation mode of the determi-
nation processor 24 is set to the home mode (second
mode), the plug connector 1 serves as a remote controller
configured to control the electrical device 4 by the impulse
sound (second target sound) intentionally caused by a
user.

<Summary>

[0052] Next, an advantage provided by the plug con-
nector 1 of the present embodiment will be described.
[0053] As described above, a plug connector 1 accord-
ing to a first aspect is a plug connector for wiring, including
an attachment plug 11 and a plug receptacle 12. The
plug connector includes a sound collector 22 and a de-
termination processor 24. The sound collector 22 is con-
figured to collect an ambient sound to generate a sound
signal in form of an electric signal. The determination
processor 24 is configured to detect an impulse sound
(target sound) as a detection target based on the sound
signal to determine whether or not an event associated
with generation of the impulse sound occurs. The plug
connector is provided with, as the impulse sound, a plu-
rality of types of impulse sounds. The determination proc-
essor 24 has an absence mode (first mode) and a home
mode (second mode) as operation modes. The determi-
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nation processor 24 is configured to detect a first target
sound of the plurality of types of impulse sounds in the
first mode and detect a second target sound of the plu-
rality of types of impulse sounds in the second mode.
The type of the first target sound and the type of the
second target sound are different from each other. In
other words, in the determination processor 24, the types
of impulse sounds (target sounds) as the detection tar-
gets are different between the first mode and the second
mode.
[0054] This configuration enables the types of impulse
sounds (target sounds) as detection targets to be easily
changed depending on, for example, situations around
the plug connector 1. For example, the types of the im-
pulse sounds as detection targets are easily switchable
depending on the presence or absence of a user in the
dwelling house. Therefore, for example, a case where a
type of impulse sound is to be included in the detection
targets in one situation but is to be excluded from the
detection targets in the other situation can be easily han-
dled by switching the determination processor 24 be-
tween the operation modes. For example, when the op-
eration mode of the determination processor 24 is the
absence mode, a setting of excluding, for example, a
sound (impulse sound) of clapping hands from the de-
tection target is possible, whereas when the operation
mode of the determination processor 24 is the home
mode, a setting of excluding a sound (impulse sound) of
hitting a pane of glass from the detection target is possi-
ble. That is, the plug connector 1 is capable of easily
switch the types of impulse sounds as detection targets
depending on situations around the plug connector 1,
and thus, the convenience can be improved.
[0055] A plug connector 1 according to a second as-
pect referring to the first aspect preferably includes a
communicator 25, a switch 21, and a controller 26. The
communicator 25 is preferably configured to transmit a
determination result by the determination processor 24
to a server 5 (external apparatus). The switch 21 is pref-
erably configured to make and break electrical connec-
tion between the attachment plug 11 and the plug recep-
tacle 12. The controller 26 is preferably configured to
control the communicator 25 and the switch 21. Moreo-
ver, the controller 26 is preferably configured to control
at least one of the communicator 25 and the switch 21
in accordance with the operation mode when the deter-
mination processor 24 determines the occurrence of the
event.
[0056] With this configuration, operation performed in
response to determining that an event associated with
generation of an impulse sound as a detection target oc-
curs can be different depending on, for example, situa-
tions around the plug connector 1. For example, when
the operation mode of the determination processor 24 is
the absence mode, it is possible to set such that the
switch 21 is not controlled when a sound (impulse sound)
of clapping hands is generated. Moreover, when the op-
eration mode of the determination processor 24 is the

home mode, it is possible to set such that the server 5 is
not informed of an abnormality when a sound (impulse
sound) of hitting a pane of glass is generated. Thus, the
plug connector 1 can further improve the convenience.
[0057] In a plug connector 1 according to a third aspect
referring to the second aspect, the controller 26 is pref-
erably configured to cause the communicator 25 to trans-
mit the determination result by the determination proc-
essor 24 to the server 5 (an external apparatus) when
the determination processor 24 determines the occur-
rence of the event with the operation mode being the
absence mode (first mode).
[0058] With this configuration, it becomes possible to
cause the plug connector 1 to serve as a security sensor
configured to notify the server 5 (external apparatus) of
an abnormality when it is determined that an event as-
sociated with generation of the impulse sound occurs
around the plug connector 1.
[0059] In a plug connector 1 according to a fourth as-
pect referring to the second or third aspect, the controller
26 is preferably configured to control the switch 21 when
the determination processor 24 determines the occur-
rence of the event with the operation mode being the
home mode (second mode).
[0060] With this configuration, it becomes possible to
cause the plug connector 1 to serve as a remote controller
configured to control the electrical device 4 connected to
the plug receptacle 12 when it is determined that an event
involving generation of the impulse sound occurs around
the plug connector 1. Moreover, when the plug connector
1 serves as the remote controller, the plug connector 1
does not communicate with the server 5 even when it is
determined that an event associated with generation of
the impulse sound occurs. Thus, communication traffic
between the plug connector 1 and the server 5 can be
reduced.
[0061] In a plug connector 1 according to a fifth aspect
referring to any one of the first to fourth aspects, the de-
termination processor 24 is preferably configured to de-
termine the occurrence of the event when the determi-
nation processor 24 detects the impulse sound (second
target sound) twice or more within a specified time T2
with the operation mode being the home mode (second
mode).
[0062] This configuration suppresses an impulse
sound unintentionally generated once from being erro-
neously determined as occurrence of an event associat-
ed with generation of the impulse sound when the oper-
ation mode of the determination processor 24 is the home
mode. Thus, the plug connector 1 can improve determi-
nation accuracy of whether or not an event associated
with generation of the impulse sound as a detection target
occurs.
[0063] In a plug connector 1 according to a sixth aspect
referring to the fifth aspect, the determination processor
24 is preferably configured to determine that the event
does not occur when the number of times the impulse
sound (second target sound) is detected within the spec-
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ified time T2 exceeds a maximum number of times.
[0064] This configuration suppresses an impulse
sound sequentially and continuously generated by, for
example, operation of a machine from being erroneously
determined as the occurrence of the event when the op-
eration mode of the determination processor 24 is the
home mode. Thus, the plug connector 1 can improve
determination accuracy of whether or not an event in-
volving generation of the impulse sound as a detection
target occurs.
[0065] In a plug connector 1 according to a seventh
aspect referring to any one of the first to sixth aspects,
the sound collector 22 is preferably configured to gener-
ate the sound signal whose amplitude increases as a
sound pressure level of the sound collected increases.
The determination processor 24 is preferably configured
to determine the occurrence of the event when the am-
plitude of the sound signal reaches or exceeds a thresh-
old Th1 within a determination time T1 from detection of
the impulse sound (first target sound) with the operation
mode being the absence mode (first mode).
[0066] This configuration suppresses an impulse
sound generated once from being erroneously deter-
mined as occurrence of an event associated with gener-
ation of the impulse sound when the operation mode of
the determination processor 24 is the absence mode.
Thus, the plug connector 1 can improve determination
accuracy of whether or not an event involving generation
of the impulse sound as a detection target occurs. More-
over, it is possible to reduce that the server 5 is errone-
ously notified of an abnormality due to erroneous deter-
mination of whether or not the event occurs.
[0067] A plug connector 1 according to an eighth as-
pect referring to any one of the first to seventh aspects
preferably includes a filter 28 configured to remove a low-
frequency component from the sound signal generated
by the sound collector 22 to output a resultant signal to
the determination processor 24.
[0068] As described above, an auditory signal and the
like of an electrical device, in many cases, include a fre-
quency component which peaks at a frequency (e.g., 2
kHz) regarded to be sensitively audible by the human
ear. The filter 28 removes a low-frequency component
(e.g., 2 kHz) from the sound signal generated by the
sound collector 22, and thus, the determination proces-
sor 24 is suppressed from erroneously detecting the au-
ditory signal and the like of the electrical device as the
impulse sound. Thus, the plug connector 1 can improve
determination accuracy of whether or not an event in-
volving generation of the impulse sound as a detection
target occurs.
[0069] Moreover, the frequency characteristics of a
sound of clapping hands are different depending on a
way of clapping the hands, the size of the hands (a vol-
ume of air between the hands), and the like. The differ-
ence between the frequency characteristics leads to a
large difference in, in particular, a low-frequency range.
Thus, removing a low-frequency component by the filter

28 from the sound signal generated by the sound collec-
tor 22 reduces influence of the difference between the
frequency characteristics of the sound of clapping hands,
the influence caused due to the difference in the way of
clapping the hands, the size of the hands. Thus, it be-
comes possible to improve the accuracy of detecting a
sound of clapping hands (impulse sound) by the deter-
mination processor 24.

<Variations>

[0070] Variations of the plug connector 1 will be de-
scribed below.
[0071] The plug connector 1 may have a configuration
in which a sound pressure level determination processor
is disposed between the filter 28 and the sound collector
22. The sound pressure level determination processor is
configured to determine, based on a sound signal gen-
erated by the sound collector 22, whether or not the
sound pressure level of the sound collected by the sound
collector 22 is higher than or equal to a threshold. The
filter 28 removes, based on a determination result by the
sound pressure level determination processor, a low-fre-
quency component from only a sound signal obtained by
converting a sound having sound pressure level higher
than or equal to the threshold. Moreover, the determina-
tion processor 24 determines, based on only a sound
signal, whether or not an event involving generation of
an impulse sound as a detection target occurs, wherein
the sound signal is obtained by converting a sound, the
sound pressure level of the sound is higher than or equal
to the threshold based on the determination result of the
sound pressure level determination processor. Thus, on-
ly when a loud sound is generated, the filter 28 and the
determination processor 24 operate, which can reduce
processes by the filter 28 and the determination proces-
sor 24.
[0072] Moreover, the sound collector 22 is configured
to collect a sound around the plug connector 1 through
the sound collector pore 13 formed in the front surface
of the housing 10. In front of the housing 10 of the plug
connector 1, a space is provided for connection of the
attachment plug 41 to the plug receptacle 12, which im-
proves the sound collector 22 efficiently collect a sound
around the plug connector 1. Moreover, the sound col-
lector pore 13 is formed above the plug receptacle 12,
and therefore, even when the attachment plug 41 is con-
nected to the plug receptacle 12, the sound collector pore
13 is not closed with the attachment plug 41. Thus, the
sound collector 22 can efficiently collect a sound around
the plug connector 1 because sound insulation by the
attachment plug 41 is suppressed.
[0073] Moreover, the plug connector 1 can easily re-
alize the function as a security sensor by only connecting
the attachment plug 11 to the plug receptacle 31 of the
socket 3. Moreover, the difference between the appear-
ance of the plug connector 1 and the appearance of a
plug connector having only a function as wiring acces-
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sories is small. Therefore, an invader is less likely to no-
tice that the plug connector 1 also serves as a security
sensor, which suppresses detachment of the plug con-
nector 1 by the invader.
[0074] Moreover, the plug connector 1 is capable of
serving as a security sensor or a remote controller without
being manually operated by a user. Therefore, it is pos-
sible to suppress a reduction in convenience due to in-
stallation at a location where an operation is hardly per-
formed. Moreover, installing the plug connector 1 at a
location where the plug connector 1 is hardly noticed by
an invader reduces the probability that the invader notic-
es and detaches the plug connector 1.
[0075] Moreover, in the above-described examples, a
case where the target sound as the detection target of
the determination processor 24 is the impulse sound has
been described, but the target sound is not limited the
impulse sound but may be a sound other than the impulse
sound.
[0076] Note that the above-described embodiment is
a mere example of the present invention. Therefore, the
present invention is not limited to the above-described
embodiment. Even in configurations other than that illus-
trated in this embodiment, various modifications may be
made depending on design and the like without departing
from the technical idea of the present invention.

Reference Signs List

[0077]

1 Plug Connector
11 Attachment Plug
12 Plug Receptacle
21 Switch
22 Sound Collector
24 Determination Processor
25 Communicator
26 Controller
28 Filter
5 Server (External Apparatus)
T1 Determination Time
T2 Specified Time
Th1 Threshold

Claims

1. A plug connector for wiring, including an attachment
plug and a plug receptacle, the plug connector com-
prising:

a sound collector configured to collect an ambi-
ent sound to generate a sound signal in form of
an electric signal; and
a determination processor configured to detect
a target sound as a detection target based on
the sound signal to determine whether or not an

event associated with generation of the target
sound occurs, wherein
the plug connector is provided with, as the target
sound, a plurality of types of target sounds,
the determination processor has a first mode
and a second mode as operation modes,
the determination processor is configured to

detect a first target sound of the plurality of
types of target sounds in the first mode and
detect a second target sound of the plurality
of types of target sounds in the second
mode, the type of the first target sound and
the type of the second target sound being
different from each other.

2. The plug connector according to claim 1, comprising:

a communicator configured to transmit a deter-
mination result by the determination processor
to an external apparatus;
a switch configured to make and break electrical
connection between the attachment plug and
the plug receptacle; and
a controller configured to control the communi-
cator and the switch, wherein

the controller is configured to control at least one of
the communicator and the switch in accordance with
the operation mode when the determination proces-
sor determines the occurrence of the event.

3. The plug connector according to claim 2, wherein
the controller is configured to cause the communi-
cator to transmit the determination result by the de-
termination processor to the external apparatus
when the determination processor determines the
occurrence of the event with the operation mode be-
ing the first mode.

4. The plug connector according to claims 2 or 3,
wherein
the controller is configured to control the switch when
the determination processor determines the occur-
rence of the event with the operation mode being the
second mode.

5. The plug connector according to any one of claims
1 to 4, wherein
the determination processor is configured to deter-
mine the occurrence of the event when the determi-
nation processor detects the second target sound
twice or more within a specified time with the oper-
ation mode being the second mode.

6. The plug connector according to claim 5, wherein
the determination processor is configured to deter-
mine that the event does not occur when the number
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of times the second target sound is detected within
the specified time exceeds a maximum number of
times.

7. The plug connector according to any one of claims
1 to 6, wherein
the sound collector is configured to generate the
sound signal whose amplitude increases as a sound
pressure level of the sound collected increases, and
the determination processor is configured to deter-
mine the occurrence of the event when the amplitude
of the sound signal reaches or exceeds a threshold
within a determination time from detection of the first
target sound with the operation mode being the first
mode.

8. The plug connector according to any one of claims
1 to 7, further comprising a filter configured to remove
a low-frequency component from the sound signal
generated by the sound collector to output a resultant
signal to the determination processor.
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