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(57) [Problem] To provide a technology whereby
power consumption can be reduced by reducing wasteful
output of audio signals. [Solution] By comparison of an
output volume level Vout of an output audio signal from
a wireless speaker 1 with an input volume level Vin of an
input audio signal to an audio controller 2, a volume level
ratio Vin/Vout between the signals is monitored (S111).
Moreover, when the volume level ratio Vin/Vout has
dropped by a predetermined amount or more within a
predetermined time period (S113, S120), a listener car-
rying the audio controller 2 is determined as having left
a room in which the wireless speaker 1 is installed, where-
by the volume value of the wireless speaker 1 is set to
zero, and output of the audio signal from the wireless
speaker 1 is stopped (S114, S121).
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Description

Technical Field

[0001] The present invention relates to a technology
of controlling a wireless speaker.

Background Art

[0002] In Patent Literature 1, there is disclosed a wire-
less audio system, which includes a plurality of wireless
speakers grouped into a plurality of groups, and is capa-
ble of reproducing music data that is different for each
group. In the wireless audio system, for each group, the
plurality of wireless speakers belonging to the group per-
form arbitration to select one wireless speaker from
among those wireless speakers. Then, the selected wire-
less speaker serves as a group leader to receive from a
user an operation for the plurality of wireless speakers
belonging to the same group and transmit a control signal
to those wireless speakers. With this wireless audio sys-
tem, for example, when a plurality of wireless speakers
are installed in each of a plurality of rooms, and the wire-
less speakers installed in the same room are set as be-
longing to the same group, music data that is different
for each room can be reproduced.
[0003] In Patent Literature 2, there is disclosed a tech-
nology of reducing the standby power of a wireless
speaker. In this technology, a wireless speaker includes
a reception circuit for wirelessly receiving command data
from an audio player and, when the reception circuit wire-
lessly receives power-off command data from the audio
player, turns off a main power while using a sub-power
to put the reception circuit into operation intermittently.

Citation List

Patent Literature

[0004]

[PTL 1] US 7987294 B2
[PTL 2] JP 2006-67336 A

Summary of Invention

Technical Problem

[0005] The wireless audio system described in Patent
Literature 1 has a problem in that, when a listener leaves
a room in which a wireless speaker currently outputting
music data is installed without stopping the output of the
music data and does not return to the room, an audio
signal is kept output despite the absence of a listener,
which is a waste of power. The technology described in
Patent Literature 2 is a technology of reducing the stand-
by power of a wireless speaker, and pays no considera-
tion on the reduction of power consumed by a useless

output of an audio signal.
[0006] The present invention has been made in view
of the circumstances described above, and an object of
the present invention is to provide a technology with
which power consumption can be reduced by preventing
a useless output of an audio signal.

Solution to Problem

[0007] In order to attain the object described above,
one embodiment of the present invention involves com-
paring an audio signal that is output from a wireless
speaker and an audio signal that is input to a microphone
of a controller carried by a user, and determining from
the result of the comparison whether the listener is away
from the vicinity of the wireless speaker. When it is de-
termined that the listener is away from the vicinity of the
wireless speaker, the output of an audio signal from the
wireless speaker is stopped.
[0008] For example, according to one aspect of the
present invention, there is provided a wireless speaker,
which is configured to reproduce and output an audio
signal in accordance with remote operation performed
on a controller, the wireless speaker including: output
characteristic measurement means for sequentially
measuring output characteristics of audio signals that are
output within a predetermined period; input characteristic
reception means for sequentially receiving, from the con-
troller, input characteristics of audio signals that are input
within the predetermined period to a microphone, which
is included in the controller; determination means for
comparing the latest output characteristic measured by
the output characteristic measurement means and the
latest input characteristic received by the input charac-
teristic reception means, and determining, from a result
of the comparison, whether a listener owning the control-
ler is away from vicinity of the wireless speaker; and con-
trol means for stopping output of an audio signal when
the determination means determines that the listener is
away from the vicinity of the wireless speaker.
[0009] The output characteristic measurement means
may be configured to sequentially measure, as the output
characteristic, output volume levels of audio signals that
are output within the predetermined period from the wire-
less speaker, and the input characteristic reception
means may be configured to sequentially receive, as the
input characteristic, input volume levels of audio signals
that are input within the predetermined period to the mi-
crophone included in the controller. The determination
means may be configured to determine that the listener
is away from the vicinity of the wireless speaker when a
ratio of the latest input volume level received by the input
characteristic reception means to the latest output vol-
ume level measured by the output characteristic meas-
urement means drops by a predetermined value or more.
[0010] Alternatively, the output characteristic meas-
urement means may be configured to sequentially meas-
ure, as the output characteristic, output waveforms of

1 2 



EP 3 364 665 A1

3

5

10

15

20

25

30

35

40

45

50

55

audio signals that are output within the predetermined
period from the wireless speaker, and the input charac-
teristic reception means may be configured to sequen-
tially receive, as the input characteristic, input waveforms
of audio signals that are input within the predetermined
period to the microphone included in the controller. The
determination means may be configured to determine
that the listener is away from the vicinity of the wireless
speaker when a delay time of the latest input waveform
received by the input characteristic reception means with
respect to the latest output waveform measured by the
output characteristic measurement means is equal to or
more than a predetermined value.
[0011] According to another aspect of the present in-
vention, there is provided a controller, which is configured
to remotely operate a wireless speaker configured to re-
produce and output an audio signal, the controller includ-
ing: a microphone; input characteristic measurement
means for sequentially measuring input characteristics
of audio signals that are input to the microphone within
a predetermined period; output characteristic reception
means for sequentially receiving, from the wireless
speaker, output characteristics of audio signals that are
output from the wireless speaker within the predeter-
mined period; determination means for comparing the
latest output characteristic received by the output char-
acteristic reception means and the latest input charac-
teristic measured by the input characteristic measure-
ment means, and determining, from a result of the com-
parison, whether a listener owning the controller is away
from vicinity of the wireless speaker; and output stop in-
struction transmission means for transmitting, to the wire-
less speaker, an output stop instruction for stopping out-
put of an audio signal when the determination means
determines that the listener is away from the vicinity of
the wireless speaker.
[0012] The input characteristic measurement means
may be configured to sequentially measure, as the input
characteristics, input volume levels of audio signals that
are input to the microphone within the predetermined pe-
riod, and the output characteristic reception unit may be
configured to sequentially receive, as the output charac-
teristics, output volume levels of audio signals that are
output from the wireless speaker within the predeter-
mined period. The determination means may be config-
ured to determine that the listener is away from the vicinity
of the wireless speaker when a ratio of the latest input
volume level measured by the input characteristic meas-
urement means to the latest output volume level received
by the output characteristic reception means drops by a
predetermined value or more.
[0013] Alternatively, the input characteristic measure-
ment means may be configured to sequentially measure,
as the input characteristics, input waveforms of audio
signals that are input to the microphone within the pre-
determined period, and the output characteristic recep-
tion unit may be configured to sequentially receive, as
the output characteristics, output waveforms of audio sig-

nals that are output from the wireless speaker within the
predetermined period. The determination means may be
configured to determine that the listener is away from the
vicinity of the wireless speaker when a delay time of the
latest input waveform measured by the input character-
istic measurement means with respect to the latest output
waveform received by the output characteristic reception
means is equal to or more than a predetermined value.

Advantageous Effects of Invention

[0014] In the present invention, the audio signal that is
output from the wireless speaker and the audio signal
that is input to the microphone of the controller are com-
pared, and it is determined from the result of the com-
parison whether the listener carrying the controller is
away from the vicinity of the wireless speaker. When it
is determined that the listener is away from the vicinity
of the wireless speaker, the output of an audio signal
from the wireless speaker is stopped. This enables a
wireless speaker currently outputting an audio signal to
automatically stop the output of an audio signal when a
listener leaves a room in which the wireless speaker is
installed without stopping the output of an audio signal.
Power consumption can thus be reduced by preventing
a useless output of an audio signal.

Brief Description of Drawings

[0015]

FIG. 1 is a schematic configuration diagram of a wire-
less audio system according to a first embodiment
of the present invention .
FIG. 2 is a sequence diagram for illustrating the op-
eration of the wireless audio system according to the
first embodiment of the present invention.
FIG. 3 is a schematic functional block diagram of a
wireless speaker 1.
FIG. 4 is a flow chart for illustrating the operation of
the wireless speaker 1.
FIG. 5 is a schematic functional block diagram of an
audio controller 2.
FIG. 6 is a flow chart for illustrating the operation of
the audio controller 2.
FIG. 7 is a sequence diagram for illustrating the op-
eration of a wireless audio system according to a
second embodiment of the present invention.
FIG. 8 is a schematic functional block diagram of a
wireless speaker 1a.
FIG. 9 is a flow chart for illustrating the operation of
the wireless speaker 1a.
FIG. 10 is a schematic functional block diagram of
an audio controller 2a.
FIG. 11 is a flow chart for illustrating the operation
of the audio controller 2a.
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Description of Embodiments

[0016] Now, embodiments of the present invention are
described referring to the drawings.

[First Embodiment]

[0017] FIG. 1 is a schematic configuration diagram of
a wireless audio system according to a first embodiment
of the present invention.
[0018] As illustrated in FIG. 1, the wireless audio sys-
tem according to the first embodiment includes a plurality
of wireless speakers 1-1 to 1-3 (hereinafter may also sim-
ply be referred to as "wireless speaker(s) 1") each having
an ID attached thereto, an audio controller 2, which is a
portable terminal including a microphone, and a media
server 3 and an access point 4, which are connected to
a network 5. It is assumed that the wireless speakers 1-1
to 1-3 are installed in individual Rooms A to C, respec-
tively.
[0019] Each of the wireless speakers 1 is connected
to the audio controller 2 and the media server 3 via the
access point 4, and acquires music data from the media
server 3 and reproduces the music data for output in ac-
cordance with a reproduction instruction received from
the audio controller 2. The wireless speaker 1 sequen-
tially measures the output volume levels of audio signals
output from the wireless speaker 1 within a predeter-
mined period, and sequentially receives the input volume
levels of audio signals from the audio controller 2. The
wireless speaker 1 compares the latest input volume lev-
el received and the latest output volume level measured
to determine whether a listener carrying the audio con-
troller 2 has left the room in which this wireless speaker
1 is installed. When it is determined that the listener has
left the room, the output of an audio signal is stopped.
[0020] The audio controller 2 is also connected to the
wireless speakers 1 and the media server 3 via the ac-
cess point 4, and transmits the reproduction instruction,
which includes the specification of music data selected
by a listener from among pieces of music data stored in
the media server 3, to one of the wireless speakers 1 that
is the output destination of the music data. The audio
controller 2 sequentially measures the input volume lev-
els of audio signals input to the microphone within a pre-
determined period, and transmits the measured input vol-
ume levels to the wireless speaker 1 that is the output
destination of the music data.
[0021] FIG. 2 is a flow chart for illustrating the operation
of the wireless audio system according to the first em-
bodiment. The description given here takes as an exam-
ple a case in which a listener carrying the audio controller
2 enjoys music with the use of the wireless speaker 1-1
installed in Room A.
[0022] First, the audio controller 2 receives from the
listener carrying the audio controller 2 and staying in
Room A music selection operation, which involves the
specification of music data to be reproduced and the

specification of the ID of the wireless speaker 1-1 as the
output destination of the music data (Step S100), and
multicasts a reproduction instruction in which the music
data to be reproduced and the ID of the wireless speaker
1-1 are specified over the network 5 (Step S101) . The
audio controller 2 also turns on the microphone included
in the audio controller 2 (Step S102) .
[0023] Next, the wireless speaker 1-1 receives the re-
production instruction in which the ID of the wireless
speaker 1-1 is specified over the network 5, and transmits
to the media server 3 a music data request in which the
music data specified by the reproduction instruction is
specified (Step S103) . The media server 3 receives the
request, identifies the music data that is specified in the
music data request received from the wireless speaker
1-1 from among pieces of music data stored in the media
server 3, and transmits the identified music data to the
wireless speaker 1-1 (Step S104) . The wireless speaker
1-1 receives the music data from the media server 3, and
starts reproducing the music data as audio signals and
outputting the reproduced audio signals (Step S105). The
wireless speaker 1-1 also starts measuring an output vol-
ume level Vout of audio signals that are output within a
predetermined period T2 (for example, 1 second) at a
predetermined interval T1 (for example, a 1-second in-
terval) (Step S106).
[0024] Meanwhile, the audio controller 2 detects that
the audio signals output from the wireless speaker 1-1
are input to the microphone included in the audio con-
troller 2 (Step S107), and starts measuring an input vol-
ume level Vin of audio signals that are input to the mi-
crophone within the predetermined period T2 at the pre-
determined interval T1 (Step S108). Each time the input
volume level Vin is newly measured, the audio controller
2 multicasts an input volume level notification (Vin noti-
fication) in which the newly measured input volume level
Vin and the ID of the wireless speaker 1-1 are specified
over the network 5 (Step S109).
[0025] The wireless speaker 1-1 receives the notifica-
tion and starts receiving an input volume level notification
in which the ID of the wireless speaker 1-1 is specified
over the network 5 (Step S110) . Each time an input vol-
ume level notification is newly received, the wireless
speaker 1-1 obtains a volume level ratio Vin/Vout, which
indicates the proportion of the input volume level Vin that
is included in the newly received input volume level no-
tification to the output volume level Vout that is newly
measured by the wireless speaker 1-1, and monitors a
change in the volume level ratio Vin/Vout (Step S111).
[0026] At this point, the listener carrying the audio con-
troller 2 leaves Room A (Step S112), thereby causing
the input volume level Vin of an audio signal that is input
to the microphone of the audio controller 2 to decrease.
The volume level ratio Vin/Vout calculated by the wireless
speaker 1-1 rapidly drops as a result. The wireless speak-
er 1-1 detects that the volume level ratio Vin/Vout has
dropped by a predetermined value P (for example, 5 dB)
or more within a predetermined period T3 (for example,
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4 seconds to 6 seconds) (Step S113), and determines
that the listener has left RoomA. The wireless speaker
1-1 then registers the value of a sound volume Vol of the
wireless speaker 1-1 as resumption information, chang-
es the value of the sound volume Vol to a zero value,
and stops outputting an audio signal (Step S114). The
wireless speaker 1-1 subsequently waits for a predeter-
mined time-out time T4 (for example, 3 minutes) to
elapse.
[0027] In a subsequent period before the time-out time
T4 elapses, the listener carrying the audio controller 2
reenters Room A (Step S115) . The audio controller 2
receives, from the listener, resumption operation, which
involves the specification of the ID of the wireless speaker
1-1 (Step S116), and multicasts a resumption instruction
in which the ID of the wireless speaker 1-1 is specified
over the network 5 (Step S117).
[0028] After the output of an audio signal is stopped
and before the time-out time T4 elapses, the wireless
speaker 1-1 receives the resumption instruction in which
the ID of the wireless speaker 1-1 is specified over the
network 5, changes the value of the sound volume Vol
from the zero value to the value registered as the re-
sumption information, and resumes the output of an au-
dio signal (Step S118).
[0029] After that, the listener carrying the audio con-
troller 2 leaves Room A again (Step S119), thereby caus-
ing the input volume level Vin of an audio signal that is
input to the microphone of the audio controller 2 to de-
crease. The volume level ratio Vin/Vout calculated by the
wireless speaker 1-1 rapidly drops as a result. The wire-
less speaker 1-1 detects that the volume level ratio
Vin/Vout has dropped by the predetermined value P or
more within the predetermined period T3 (Step S120),
and determines that the listener has left Room A. The
wireless speaker 1-1 then registers the value of a sound
volume Vol of the wireless speaker 1-1 as resumption
information, changes the value of the sound volume Vol
to a zero value, and stops outputting an audio signal (Step
S121). The wireless speaker 1-1 subsequently waits for
the predetermined time-out time T4 to elapse.
[0030] When the time-out time T4 elapses without the
reentrance of the listener carrying the audio controller 2
to Room A, the wireless speaker 1-1 detects time-out
(Step S122), stops the reproduction of music data as
audio signals, and powers off (Step S123).
[0031] The description given next is about details of
the wireless speaker 1 and the audio controller 2 of the
wireless audio system according to the first embodiment
are described. An existing media server and access point
can be used as the media server 3 and the access point
4, and hence detailed descriptions thereof are omitted.
[0032] The wireless speaker 1 is described first.
[0033] FIG. 3 is a schematic functional block diagram
of the wireless speaker 1. The functional configuration
of the wireless speaker 1 illustrated in FIG. 3 is imple-
mented by, for example, a CPU included in a computer
along with a memory, an auxiliary storage device, which

is a flash memory or the like, a wireless communication
device, which is a wireless LAN adapter or the like, and
a speaker by loading a predetermined program onto the
memory from the auxiliary storage device and executing
the program.
[0034] As illustrated in FIG. 3, the wireless speaker 1
includes speaker unit 10, a wireless network interface
unit 11, an instruction reception unit 12, a music data
acquisition unit 13, a music data storage unit 14, a music
data reproduction unit 15, an output volume level meas-
urement unit 16, an input volume level reception unit 17,
an exit determination unit 18, and a main control unit 19.
[0035] The wireless network interface unit 11 is an in-
terface for, for example, communicating to/from the audio
controller 2 and communicating to/from the media server
3 connected to the network 5 via the access point 4.
[0036] The instruction reception unit 12 receives vari-
ous instructions to each of which the ID of its own wireless
speaker 1 is attached from the audio controller 2 via the
wireless network interface unit 11.
[0037] The music data acquisition unit 13 transmits a
music data request including the specification of music
data to be reproduced to the media server 3 via the wire-
less network interface unit 11, and acquires the music
data to be reproduced from the media server 3.
[0038] The music data storage unit 14 stores the music
data acquired by the music data acquisition unit 13 from
the media server 3.
[0039] The music data reproduction unit 15 reproduces
music data stored in the music data storage unit 14 as
audio signals, and outputs the audio signals from the
speaker unit 10.
[0040] The output volume level measurement unit 16
measures, at the predetermined interval T1 (for example,
a 1-second interval), the output volume level Vout, which
is an average of output volumes of audio signals that are
output from the speaker unit 10 by the music data repro-
duction unit 15 within the predetermined period T2 (for
example, 1 second).
[0041] The input volume level reception unit 17 re-
ceives via the wireless network interface unit 11 an input
volume level notification, which is transmitted regularly
from the audio controller 2 and which includes the ID of
its own wireless speaker 1.
[0042] The exit determination unit 18 obtains, each
time the input volume level reception unit 17 newly re-
ceives an input volume level notification that includes the
ID of its own wireless speaker, the volume level ratio
Vin/Vout, which indicates the proportion of the input vol-
ume level Vin included in the input volume level notifica-
tion to the latest output volume level Vout measured by
the output volume level measurement unit 16. Based on
a change in the volume level ratio Vin/Vout, the exit de-
termination unit 18 determines whether the listener car-
rying the audio controller 2 has left the room in which its
own wireless speaker 1 is installed.
[0043] The main control unit 19 controls the units 10
to 18 of the wireless speaker 1 in an integrated manner.
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The main control unit 19 also controls the reproduc-
tion/output of music data by the music data reproduction
unit 15 and the powering on/off based on the determina-
tion made in the exit determination unit 18.
[0044] FIG. 4 is a flow chart for illustrating the operation
of the wireless speaker 1. This flow is started when the
instruction reception unit 12 receives a reproduction in-
struction to which the ID of its own wireless speaker 1 is
attached from the audio controller 2 via the wireless net-
work interface unit 11.
[0045] First, the instruction reception unit 12 hands
over the received reproduction instruction to the main
control unit 19. The main control unit 19 receives the
reproduction instruction, and notifies music data speci-
fied by the received reproduction instruction as data to
be reproduced to the music data acquisition unit 13. The
music data acquisition unit 13 transmits a music data
request in which the specification of the music data no-
tified by the main control unit 19 is included to the media
server 3 via the wireless network interface unit 11 (Step
S200).
[0046] Next, the music data acquisition unit 13 receives
the music data from the media server 3, and stores the
received music data in the music data storage unit 14
(Step S201) . The music data acquisition unit 13 also
notifies the main control unit 19 of the completion of the
acquisition of the music data. The main control unit 19
receives the notification, and notifies the music data to
be reproduced to the music data reproduction unit 15.
The music data reproduction unit 15 reads the music data
to be reproduced out of the music data storage unit 14,
reproduces the read data as audio signals, and outputs
the reproduced audio signals from the speaker unit 10
(Step S202).
[0047] When the music data reproduction unit 15 starts
reproducing audio signals, the output volume level meas-
urement unit 16 measures at the predetermined interval
T1 the output volume level Vout, which is an average of
output volumes of audio signals that are output from the
speaker unit 10 by the music data reproduction unit 15
within the predetermined period T2 (Step S203).
[0048] When the reproduction of audio signals by the
music data reproduction unit 15 ends ("YES" in Step
S205), the main control unit 19 ends this flow. When the
input volume level reception unit 17 receives via the wire-
less network interface unit 11 an input volume level no-
tification (Vin notification), which is transmitted regularly
from the audio controller 2 and which includes the ID of
its own wireless speaker 1 ("YES" in Step S204), at a
point preceding the end of the audio signal reproduction
by the music data reproduction unit 15 ("NO" in Step
S205), the input volume level reception unit 17 hands
over the input volume level Vin that is included in the
input volume level notification to the exit determination
unit 18. The exit determination unit 18 receives the input
volume level Vin, and calculates and stores the volume
level ratio Vin/Vout, which indicates the proportion of the
input volume level Vin received from the input volume

level reception unit 17 to the latest output volume level
Vout measured by the output volume level measurement
unit 16 (Step S206).
[0049] The exit determination unit 18 then determines
whether a volume level ratio Vin/Vout calculated at a point
that goes back by the predetermined period T3 (for ex-
ample, 4 seconds to 6 seconds) is stored (Step S207).
When it is determined that a volume level ratio Vin/Vout
calculated at a point that goes back by the predetermined
period T3 is not stored ("NO" in Step S207), the flow
returns to Step S204.
[0050] When it is determined that a volume level ratio
Vin/Vout calculated at a point that goes back by the pre-
determined period T3 is stored ("YES" in Step S207), on
the other hand, the exit determination unit 18 compares
the volume level ratio Vin/Vout calculated at a point that
goes back by the predetermined period T3 and the newly
calculated volume level ratio Vin/Vout to determine
whether the newly calculated volume level ratio Vin/Vout
is lower than the volume level ratio Vin/Vout calculated
at a point that goes back by the predetermined period T3
by the predetermined value P (for example, 5 dB) or more
(Step S208) . When the newly calculated volume level
ratio Vin/Vout is not lower than the volume level ratio
Vin/Vout calculated at a point that goes back by the pre-
determined period T3 by the predetermined value P or
more ("NO" in Step S208), the flow returns to Step S204.
[0051] When the newly calculated volume level ratio
Vin/Vout is lower than the volume level ratio Vin/Vout
calculated at a point that goes back by the predetermined
period T3 by the predetermined value P or more ("YES"
in Step S208), on the other hand, the exit determination
unit 18 notifies the main control unit 19 of that fact. In
response to the notification, the main control unit 19 reg-
isters the value of the sound volume Vol of the music
data reproduction unit 15 as resumption information
(Step S209), changes the sound volume Vol of the music
data reproduction unit 15 to a zero value, and stops the
output of an audio signal from the speaker unit 10 (Step
S210). The output volume level measurement unit 16
may stop the measurement of the output volume level
Vout at this point.
[0052] In a subsequent period before the audio signal
reproduction by the music data reproduction unit 15 ends
("NO" in Step S215) and before the time runs out with
the elapse of the predetermined time-out time T4 (for
example, 3 minutes) ("NO" in Step S213), the main con-
trol unit 19 waits for the reception of a resumption instruc-
tion from the audio controller 2 via the wireless network
interface unit 11 and the instruction reception unit 12
(Step S211) . The instruction reception unit 12 receives
a resumption instruction in which the ID of its own wire-
less speaker 1 is specified from the audio controller 2 via
the wireless network interface unit 11 ("YES" in Step
S211), and notifies the resumption instruction to the main
control unit 19. The main control unit 19 receives the
resumption instruction, changes the sound volume Vol
of the music data reproduction unit 15 from the zero value
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to the value registered as the resumption information,
and resumes the output of an audio signal from the
speaker unit 10 (Step S212) . In the case where the
measurement of the volume level Vout has been stopped
during the period in which the output of an audio signal
from the speaker unit 10 is stopped, the output volume
level measurement unit 16 resumes the measurement
of the output volume level Vout. The flow then returns to
Step S204.
[0053] When the time runs out with the elapse of the
predetermined time-out time T4 (for example, 3 minutes)
("YES" in Step S213) in a period preceding the end of
the audio signal reproduction by the music data repro-
duction unit 15 ("NO" in Step S215) without receiving a
resumption instruction from the audio controller 2 via the
wireless network interface unit 11 and the instruction re-
ception unit 12 ("NO" in Step S211), on the other hand,
the main control unit 19 causes the music data reproduc-
tion unit 15 to stop the reproduction of audio signals from
music data, and then turns off the main power (Step
S214) to end this flow.
[0054] The main control unit 19 ends this flow also
when the audio signal reproduction by the music data
reproduction unit 15 is finished ("YES" in Step S215) be-
fore the predetermined time-out time T4 elapses ("NO"
in Step S213) without receiving a resumption instruction
from the audio controller 2 via the wireless network in-
terface unit 11 and the instruction reception unit 12 ("NO"
in Step S211).
[0055] The audio controller 2 is described next.
[0056] FIG. 5 is a schematic functional block diagram
of the audio controller 2. The functional configuration of
the audio controller 2 illustrated in FIG. 5 is implemented
by, for example, a CPU included in a portable computer,
which is a smartphone, a tablet PC, or the like, along with
a memory, an auxiliary storage device, which is a flash
memory or the like, a touch panel, a display, an input/out-
put device, which is a pointing device or the like, a wire-
less communication device, which is a wireless LAN
adapter or the like, and a microphone by loading a pre-
determined program onto the memory from the auxiliary
storage device and executing the program.
[0057] As illustrated in FIG. 5, the audio controller 2
includes a microphone unit 20, a wireless network inter-
face unit 21, a graphical user interface unit 22, a repro-
duction instruction transmission unit 23, a resumption in-
struction transmission unit 24, an input volume level
measurement unit 25, an input volume level notification
unit 26, and a main control unit 27.
[0058] The wireless network interface unit 21 is an in-
terface for communicating to/from the wireless speaker
1 via the access point 4.
[0059] The graphical user interface unit 22 is an inter-
face for, for example, displaying information and receiv-
ing various operations from the user.
[0060] The reproduction instruction transmission unit
23 multicasts, from the wireless network interface unit
21, a reproduction instruction in which music data to be

reproduced and the ID of one of the wireless speakers 1
that is the output destination of the music data are spec-
ified.
[0061] The resumption instruction transmission unit 24
multicasts a resumption instruction in which the ID of one
of the wireless speakers 1 that is the output destination
of the music data is specified from the wireless network
interface unit 21.
[0062] The input volume level measurement unit 25
measures, at the predetermined interval T1 (for example,
a 1-second interval), the input volume level Vin, which is
an average of input volumes of audio signals that are
input to the microphone unit 20 within the predetermined
period T2 (for example, 1 second).
[0063] Each time the input volume level measurement
unit 25 measures the input volume level Vin, the input
volume level notification unit 26 multicasts an input vol-
ume level notification including the measured input vol-
ume level Vin and the specification of the ID of one of
the wireless speakers 1 that is the output destination of
music data from the wireless network interface unit 21.
[0064] The main control unit 27 controls the units 20
to 26 of the audio controller 2 in an integrated manner.
[0065] FIG. 6 is a flow chart for illustrating the operation
of the audio controller 2. This flow is started when the
main control unit 27 receives music selection operation,
which involves the specification of music data to be re-
produced and the specification of the ID of one of the
wireless speakers 1 that is the output destination of the
music data, from the listener via the graphical user inter-
face unit 22.
[0066] The main control unit 27 first hands over the
music data to be reproduced and the ID of the wireless
speaker 1 that is the output destination of the music data
to the reproduction instruction transmission unit 23. The
reproduction instruction transmission unit 23 receives the
music data and the ID, and multicasts the reproduction
instruction in which the music data to be reproduced and
the ID of the wireless speaker 1 that is the output desti-
nation of the music data are specified from the wireless
network interface unit 21 (Step S300).
[0067] The main control unit 27 next turns on the mi-
crophone unit 20 (Step S301) and waits for an input of
an audio signal to the microphone unit 20 (Step S302) .
When an audio signal is input to the microphone unit 20
("YES" in Step S302), the main control unit 27 instructs
the input volume level measurement unit 25 to start
measuring the input volume level Vin, and instructs the
input volume level notification unit 26 to start transmitting
an input volume level notification by notifying the ID of
the wireless speaker 1 that is the output destination of
the music data to the input volume level notification unit
26. The input volume level measurement unit 25 re-
sponds to the instruction by measuring, at the predeter-
mined interval T1, the input volume level Vin, which is an
average of input volumes of audio signals that are input
to the microphone unit 20 within the predetermined pe-
riod T2. Each time the input volume level measurement
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unit 25 measures the input volume level Vin, the input
volume level notification unit 26 multicasts an input vol-
ume level notification including the measured input vol-
ume level Vin and the specification of the ID of the wire-
less speaker 1 that is the output destination of the music
data from the wireless network interface unit 21 (Step
S303).
[0068] The main control unit 27 subsequently receives
resumption operation, which involves the specification of
the ID of the wireless speaker 1 that is the output desti-
nation of the music data, from the listener via the graph-
ical user interface unit 22 ("YES" in Step S304), and
hands over the ID of this output destination wireless
speaker 1 to the resumption instruction transmission unit
24. The resumption instruction transmission unit 24 re-
ceives the ID, and multicasts a resumption instruction in
which the ID of the output destination wireless speaker
1 is specified from the wireless network interface unit 21
(Step S305).
[0069] When remote control ending operation for end-
ing the remote control of the relevant wireless speaker 1
is received from the listener via the graphical user inter-
face unit 22 ("YES" in Step S306), the main control unit
27 instructs the input volume level measurement unit 25
to end the measurement of the input volume level Vin,
and instructs the input volume level notification unit 26
to end the transmission of an input volume level notifica-
tion. The input volume level measurement unit 25 ends
the measurement of the input volume level Vin in re-
sponse to the instruction. The input volume level notifi-
cation unit 26 ends the multicasting of an input volume
level notification (Step S307).
[0070] The main control unit 27 then turns off the mi-
crophone unit 20 (Step S308), and ends this flow.
[0071] This concludes a description on the first embod-
iment of the present invention.
[0072] In the first embodiment, the output volume level
Vout of audio signals output from the speaker unit 10 of
one of the wireless speakers 1 and the input volume level
Vin of audio signals input to the microphone unit 20 of
the audio controller 2 are compared to determine, from
the ratio of the two volume levels, namely, Vin/Vout,
whether a listener carrying the audio controller 2 has left
the room in which the wireless speaker 1 is installed.
When it is determined that the listener has left the room,
the output of an audio signal from the wireless speaker
1 is stopped. The output of an audio signal can thus be
automatically stopped when a listener leaves a room in
which the wireless speaker 1 is currently outputting an
audio signal without stopping the output of an audio sig-
nal. Power consumption can accordingly be reduced by
preventing a useless output of an audio signal.
[0073] In the first embodiment, when one of the wire-
less speakers 1 receives a resumption instruction from
the audio controller 2 in a period that follows the stop of
the output of an audio signal and that precedes the elapse
of the predetermined time-out time T4, the sound volume
Vol is returned to a state prior to the stop of the output

of an output signal to resume the output of an audio sig-
nal. When the time runs out with the elapse of the time-
out time T4 without receiving a resumption instruction
from the audio controller 2, on the other hand, the repro-
duction of music data as audio signals is stopped and
the wireless speaker 1 is powered off. This enables the
listener who carries the audio controller 2 to continue
enjoying music data with simple operation when the lis-
tener returns to the room in which the wireless speaker
1 is installed shortly after leaving the room, while the wire-
less speaker 1 can automatically be powered off when
the listener leaves the room and does not return. The
power consumption of the wireless speaker 1 can con-
sequently be reduced with efficiency.
[0074] It is determined in the first embodiment that a
listener carrying the audio controller 2 has left a room in
which one of the wireless speakers 1 is installed when
the volume level ratio Vin/Vout drops by the predeter-
mined value P or more within the predetermined period
T3 (Step S113 and Step S120 of FIG. 2 and Step S208
of FIG. 4). However, depending on the performance of
the microphone unit 20 of the audio controller 2, it may
erroneously be determined that the listener has left the
room when the listener intentionally lowers the sound
volume of the wireless speaker 1. For that reason, it may
be determined that the listener has not left the room even
when the volume level ratio Vin/Vout drops by the pre-
determined value P or more within the predetermined
period T3 if the sound volume is less than a predeter-
mined value.
[0075] The present invention is not limited to the first
embodiment in which the output volume level Vout of
audio signals output from the speaker unit 10 of one of
the wireless speakers 1 and the input volume level Vin
of audio signals input to the microphone unit 20 of the
audio controller 2 are compared to determine, from the
ratio of the two volume levels, namely, Vin/Vout, whether
a listener carrying the audio controller 2 has left the room
in which the wireless speaker 1 is installed. The present
invention can be carried out in any mode as long as
whether a listener carrying the audio controller 2 is away
from the vicinity of one of the wireless speakers 1 can be
determined based on the result of a comparison between
an output characteristic of an audio signal output from
the speaker unit 10 of the wireless speaker 1 and an input
characteristic of an audio signal input to the microphone
unit 20 of the audio controller 2.
[0076] For example, each of the wireless speakers 1
measures at the predetermined interval T1 the output
waveforms of audio signals output from the speaker unit
10 within the predetermined period T2, and the audio
controller 2 measures at the predetermined interval T1
the input waveforms of audio signals input to the micro-
phone unit 20 within the predetermined period T2 to
transmit the input waveforms to the wireless speaker 1.
The wireless speaker 1 compares the latest output wave-
form measured and the latest input waveform received
from the audio controller 2, and determines whether a
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listener carrying the audio controller 2 is away from the
vicinity of the wireless speaker 1 based on whether a
delay time of the input waveform with respect to the out-
put waveform (a phase difference) is equal to more than
a predetermined length of time.

[Second Embodiment]

[0077] A wireless audio system according to a second
embodiment of the present invention differs from the
wireless audio system according to the first embodiment,
which is illustrated in FIG. 1, in that wireless speakers
1a-1 to 1a-3 (hereinafter may also simply be referred to
as "wireless speaker (s) 1a") are used in place of the
wireless speakers 1-1 to 1-3, and in that an audio con-
troller 2a is used in place of the audio controller 2. The
rest are the same as in the wireless audio system of the
first embodiment illustrated in FIG. 1.
[0078] Each of the wireless speakers 1a is connected
to the audio controller 2a and the media server 3 via the
access point 4, and acquires music data from the media
server 3 and reproduces the music data for output in ac-
cordance with a reproduction instruction received from
the audio controller 2a. The wireless speaker 1a sequen-
tially measures the output volume levels of audio signals
output from the wireless speaker 1a within a predeter-
mined period, and transmits the output volume levels to
the audio controller 2a, which is the sender of the repro-
duction instruction. The wireless speaker 1a stops out-
putting an audio signal by following an output stop in-
struction issued by the audio controller 2a.
[0079] The audio controller 2a is also connected to the
wireless speakers 1a and the media server 3 via the ac-
cess point 4, and transmits the reproduction instruction,
which includes the specification of music data selected
by a listener from among pieces of music data stored in
the media server 3, to one of the wireless speakers 1a
that is the output destination of the music data. The audio
controller 2a sequentially measures the input volume lev-
els of audio signals input to the microphone within a pre-
determined period, and sequentially receives the output
volume levels of audio signals from the wireless speaker
1a. The audio controller 2a compares the input volume
levels and the output volume levels to determine whether
a listener carrying the audio controller 2 has left the room
in which the wireless speaker 1a is installed. When it is
determined that the listener has left the room in which
the wireless speaker 1a is installed, the audio controller
2a transmits an audio signal output stop instruction to
the wireless speaker 1a that is the output destination of
the music data.
[0080] FIG. 7 is a flow chart for illustrating the operation
of the wireless audio system according to the second
embodiment. The description given here takes as an ex-
ample a case in which a listener carrying the audio con-
troller 2a enjoys music with the use of the wireless speak-
er 1a-1 installed in Room A.
[0081] First, the audio controller 2a receives from the

listener carrying the audio controller 2a and staying in
Room A music selection operation, which involves the
specification of music data to be reproduced and the
specification of the ID of the wireless speaker 1a-1 as
the output destination of the music data (Step S150), and
multicasts a reproduction instruction in which the music
data to be reproduced and the ID of the wireless speaker
1a-1 are specified over the network 5 (Step S151) . The
audio controller 2a also turns on the microphone included
in the audio controller 2a (Step S152) .
[0082] Next, the wireless speaker 1a-1 receives the
reproduction instruction in which the ID of the wireless
speaker 1a-1 is specified over the network 5, and trans-
mits to the media server 3 a music data request in which
the music data specified by the reproduction instruction
is specified (Step S153) . The media server 3 receives
the request, identifies the music data that is specified in
the music data request received from the wireless speak-
er 1a-1 from among pieces of music data stored in the
media server 3, and transmits the identified music data
to the wireless speaker 1a-1 (Step S154) . The wireless
speaker 1a-1 receives the music data from the media
server 3, reproduces the music data as audio signals,
and starts outputting the reproduced audio signals (Step
S155). The wireless speaker 1a-1 also starts measuring
an output volume level Vout of audio signals that are
output within the predetermined period T2 (for example,
1 second) at the predetermined interval T1 (for example,
a 1-second interval) (Step S156) . Each time the output
volume level Vout is newly measured, the wireless
speaker 1a-1 transmits an output volume level notifica-
tion (Vout notification) in which the newly measured out-
put volume level Vout is included to the audio controller
2a, which is the sender of the reproduction instruction
(Step S157).
[0083] Meanwhile, the audio controller 2a detects that
an audio signal output from the wireless speaker 1a-1 is
input to the microphone, which is included in the audio
controller 2a (Step S158), and starts measuring the input
volume level Vin of audio signals input to the microphone
within the predetermined period T2 at the predetermined
interval T1 (Step S159). The audio controller 2a also
starts receiving an output volume level notification from
the wireless speaker 1-a (Step S160). Each time an out-
put volume level notification is newly received, the audio
controller 2a obtains the volume level ratio Vin/Vout,
which indicates the proportion of the input volume level
Vin newly measured by the audio controller 2a to the
output volume level Vout included in the newly received
output volume level notification, and monitors a change
in the volume level ratio Vin/Vout (Step S161).
[0084] At this point, the listener carrying the audio con-
troller 2a leaves Room A (Step S162), thereby causing
the input volume level Vin of an audio signal that is input
to the microphone of the audio controller 2a to decrease.
The volume level ratio Vin/Vout calculated by the audio
controller 2a rapidly drops as a result. The audio control-
ler 2a detects that the volume level ratio Vin/Vout has
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dropped by the predetermined value P (for example, 5
dB) or more within the predetermined period T3 (for ex-
ample, 4 seconds to 6 seconds) (Step S163), and deter-
mines that the listener has left Room A. The audio con-
troller 2a multicasts an output stop instruction specifying
the ID of the wireless speaker 1a-1, which is the output
destination of the music data (Step S164) . The audio
controller 2a subsequently waits for the predetermined
time-out time T4 (for example, 3 minutes) to elapse.
[0085] The wireless speaker 1a-1 receives the output
stop instruction in which the ID of the wireless speaker
1a-1 is specified from the audio controller 2a, registers
the value of the sound volume Vol of the wireless speaker
1a-1 as resumption information, changes the sound vol-
ume Vol to a zero value, and stops outputting an audio
signal (Step S165). The wireless speaker 1a-1 may stop
the measurement of the output volume level Vout at this
point.
[0086] Next, the listener carrying the audio controller
2a reenters Room A (Step S166) . Before the time-out
time T4 elapses, the audio controller 2a receives, from
the listener, resumption operation, which involves the
specification of the ID of the wireless speaker 1a-1 (Step
S167), and multicasts a resumption instruction in which
the ID of the wireless speaker 1a-1 is specified over the
network 5 (Step S168).
[0087] The wireless speaker 1a-1 receives the re-
sumption instruction in which the ID of the wireless speak-
er 1a-1 is specified from the audio controller 2a, changes
the value of the sound volume Vol from the zero value
to the value registered as the resumption information,
and resumes the output of an audio signal (Step S169) .
In the case where the measurement of the volume level
Vout has been stopped during the period in which the
output of an audio signal is stopped, the wireless speaker
1a-1 resumes the measurement of the output volume
level Vout.
[0088] Next, the listener carrying the audio controller
2a leaves Room A again (Step S170), thereby causing
the input volume level Vin of an audio signal that is input
to the microphone of the audio controller 2a to decrease.
The volume level ratio Vin/Vout calculated by the audio
controller 2a rapidly drops as a result. The audio control-
ler 2a detects that the volume level ratio Vin/Vout has
dropped by the predetermined value P or more within the
predetermined period T3 (Step S171), and determines
that the listener has left Room A. The audio controller 2a
multicasts an output stop instruction specifying the ID of
the wireless speaker 1a-1, which is the output destination
of the music data (Step S172) . The wireless speaker 1a-
1 may stop the measurement of the output volume level
Vout at this point. The audio controller 2a subsequently
waits for the predetermined time-out time T4 (for exam-
ple, 3 minutes) to elapse.
[0089] The wireless speaker 1a-1 receives the output
stop instruction in which the ID of the wireless speaker
1a-1 is specified from the audio controller 2a, registers
the value of the sound volume Vol of the wireless speaker

1a-1 as resumption information, changes the sound vol-
ume Vol to a zero value, and stops outputting an audio
signal (Step S173).
[0090] Next, the time-out time T4 elapses without the
reentrance of the listener carrying the audio controller 2a
to Room A (Step S174), the audio controller 2a multicasts
a power-off instruction in which the ID of the wireless
speaker 1a-1 is specified over the network 5 (Step S175).
[0091] The wireless speaker 1a-1 receives the power-
off instruction in which the ID of the wireless speaker 1a-
1 is specified from the audio controller 2a, stops the re-
production of the music data as audio signals, and pow-
ers off (Step S176).
[0092] The description given next is about details of
the wireless speaker 1a and the audio controller 2a of
the wireless audio system according to the second em-
bodiment.
[0093] The wireless speaker 1a is described first.
[0094] FIG. 8 is a schematic functional block diagram
of the wireless speaker 1a. The functional configuration
of the wireless speaker 1a illustrated in FIG. 8 is imple-
mented by, for example, a CPU included in a computer
along with a memory, an auxiliary storage device, which
is a flash memory or the like, a wireless communication
device, which is a wireless LAN adapter or the like, and
a speaker by loading a predetermined program onto the
memory from the auxiliary storage device and executing
the program.
[0095] As illustrated in FIG. 8, the wireless speaker 1a
includes the speaker unit 10, the wireless network inter-
face unit 11, the instruction reception unit 12, the music
data acquisition unit 13, the music data storage unit 14,
the music data reproduction unit 15, the output volume
level measurement unit 16, an output volume level noti-
fication unit 30, and a main control unit 31. The units in
FIG. 8 that have the same functions as those of the wire-
less speaker 1 in the first embodiment illustrated in FIG.
3 are denoted by the same reference symbols.
[0096] The output volume level notification unit 30
transmits, each time the output volume level measure-
ment unit 16 measures the output volume level Vout, an
output volume level notification including the measured
output volume level Vout via the wireless network inter-
face unit 11 to the audio controller 2a, which is the sender
of a reproduction instruction issued to music data that is
currently being reproduced as audio signals by the music
data reproduction unit 15.
[0097] The main control unit 31 controls the units 10
to 16 and 30 of the wireless speaker 1a in an integrated
manner. The main control unit 31 also controls the re-
production/output of music data by the music data repro-
duction unit 15 and the powering on/off based on instruc-
tions received from the audio controller 2a via the instruc-
tion reception unit 12.
[0098] FIG. 9 is a flow chart for illustrating the operation
of the wireless speaker 1a. This flow is started when the
instruction reception unit 12 receives a reproduction in-
struction to which the ID of its own wireless speaker 1a
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is attached from the audio controller 2a via the wireless
network interface unit 11.
[0099] First, the instruction reception unit 12 hands
over the received reproduction instruction to the main
control unit 31. The main control unit 31 receives the
reproduction instruction, notifies the address of the audio
controller 2a, which is the sender of the reproduction in-
struction, to the output volume level notification unit 30,
and notifies music data specified by the received repro-
duction instruction as data to be reproduced to the music
data acquisition unit 13. The music data acquisition unit
13 transmits a music data request in which the specifi-
cation of the music data notified by the main control unit
31 is included to the media server 3 via the wireless net-
work interface unit 11 (Step S250).
[0100] Next, the music data acquisition unit 13 receives
the music data from the media server 3, and stores the
received music data in the music data storage unit 14
(Step S251) . The music data acquisition unit 13 also
notifies the main control unit 31 of the completion of the
acquisition of the music data. The main control unit 31
receives the notification, and notifies the music data to
be reproduced to the music data reproduction unit 15.
The music data reproduction unit 15 reads the music data
to be reproduced out of the music data storage unit 14,
reproduces the read data as audio signals, and outputs
the reproduced audio signals from the speaker unit 10
(Step S252).
[0101] When the music data reproduction unit 15 starts
reproducing audio signals, the output volume level meas-
urement unit 16 measures at the predetermined interval
T1 the output volume level Vout, which is an average of
output volumes of audio signals that are output from the
speaker unit 10 by the music data reproduction unit 15
within the predetermined period T2. Each time the output
volume level measurement unit 16 measures the output
volume level Vout, the output volume level notification
unit 30 transmits an output volume level notification in-
cluding the measured output volume level Vout via the
wireless network interface unit 11 to the audio controller
2a, which is identified from the address notified by the
main control unit 31 (Step S253).
[0102] In a subsequent period before the end of the
audio signal reproduction by the music data reproduction
unit 15 ("NO" in Step S257), the main control unit 31 waits
for the reception of an output stop instruction from the
audio controller 2a via the wireless network interface unit
11 and the instruction reception unit 12 (Step S254) . The
instruction reception unit 12 receives an output stop in-
struction to which the ID of its own wireless speaker 1a
is attached from the audio controller 2a via the wireless
network interface unit 11 ("YES" in Step S254), and
hands over the received output stop instruction to the
main control unit 31. The main control unit 31 receives
the output stop instruction, registers the value of the
sound volume Vol of the music data reproduction unit 15
as resumption information (Step S255), changes the
sound volume Vol of the music data reproduction unit 15

to a zero value, and stops the output of an audio signal
from the speaker unit 10 (Step S256) . The output volume
level measurement unit 16 may stop the measurement
of the output volume level Vout at this point.
[0103] In a subsequent period before the end of the
audio signal reproduction by the music data reproduction
unit 15 ("NO" in Step S262), the main control unit 31 waits
for the reception of a resumption instruction or a power-
off instruction from the audio controller 2a via the wireless
network interface unit 11 and the instruction reception
unit 12 (Step S258 and Step S260).
[0104] When receiving a resumption instruction to
which the ID of its own wireless speaker 1a is attached
from the audio controller 2a via the wireless network in-
terface unit 11 ("YES" in Step S258), the instruction re-
ception unit 12 hands over the resumption instruction to
the control unit 31. The main control unit 31 receives the
resumption instruction, changes the sound volume Vol
of the music data reproduction unit 15 from the zero value
to the value registered as the resumption information,
and resumes the output of an audio signal from the
speaker unit 10 (Step S259). In the case where the meas-
urement of the volume level Vout has been stopped dur-
ing the period in which the output of an audio signal from
the speaker unit 10 is stopped, the output volume level
measurement unit 16 resumes the measurement of the
output volume level Vout. The flow then returns to Step
S254.
[0105] When receiving a power-off instruction to which
the ID of its own wireless speaker 1a is attached from
the audio controller 2a via the wireless network interface
unit 11 ("YES" in Step S260), the instruction reception
unit 12 hands over the power-off instruction to the main
control unit 31. The main control unit 31 receives the
power-off instruction, causes the music data reproduc-
tion unit 15 to stop the reproduction of the music data as
audio signals, and then turns off the main power (Step
S261) to end this flow.
[0106] The main control unit 31 ends this flow also
when the audio signal reproduction by the music data
reproduction unit 15 is finished ("YES" in Step S257 or
"YES" in Step S262).
[0107] The audio controller 2a is described next.
[0108] FIG. 10 is a schematic functional block diagram
of the audio controller 2a. The functional configuration of
the audio controller 2a illustrated in FIG. 10 is implement-
ed by, for example, a CPU included in a portable com-
puter, which is a smartphone, a tablet PC, or the like,
along with a memory, an auxiliary storage device, which
is a flash memory or the like, a touch panel, a display,
an input/output device, which is a pointing device or the
like, a wireless communication device, which is a wireless
LAN adapter or the like, and a microphone by loading a
predetermined program onto the memory from the aux-
iliary storage device and executing the program.
[0109] As illustrated in FIG. 10, the audio controller 2a
includes the microphone unit 20, the wireless network
interface unit 21, the graphical user interface unit 22, the
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reproduction instruction transmission unit 23, the re-
sumption instruction transmission unit 24, the input vol-
ume level measurement unit 25, an output stop instruc-
tion transmission unit 40, a power-off instruction trans-
mission unit 41, an output volume level reception unit 42,
an exit determination unit 43, and a main control unit 44.
The units in FIG. 10 that have the same functions as
those of the audio controller 2 in the first embodiment
illustrated in FIG. 5 are denoted by the same reference
symbols.
[0110] The output stop instruction transmission unit 40
multicasts an output stop instruction including the spec-
ification of the ID of one of the wireless speakers 1a that
is the output destination of music data from the wireless
network interface unit 21.
[0111] The power-off instruction transmission unit 41
multicasts a power-off instruction including the specifica-
tion of the ID of one of the wireless speakers 1a that is
the output destination of music data from the wireless
network interface unit 21.
[0112] The output volume level reception unit 42 re-
ceives via the wireless network interface unit 21 an output
volume level notification, which is transmitted regularly
from each of the wireless speakers 1a.
[0113] The exit determination unit 43 obtains, each
time the output volume level reception unit 42 newly re-
ceives an output volume level notification, the volume
level ratio Vin/Vout, which indicates the proportion of the
latest input volume level Vin measured by the input vol-
ume level measurement unit 25 to the output volume level
Vout included in the received output volume level notifi-
cation. Based on a change in the volume level ratio
Vin/Vout, the exit determination unit 43 determines
whether a listener carrying the audio controller 2a has
left the room in which one of the wireless speakers 1a
that is the output destination of music data is installed.
[0114] The main control unit 44 controls the units 20
to 25 and 40 to 43 of the audio controller 2a in an inte-
grated manner.
[0115] FIG. 11 is a flow chart for illustrating the oper-
ation of the audio controller 2a. This flow is started when
the main control unit 44 receives music selection opera-
tion, which involves the specification of music data to be
reproduced and the specification of the ID of one of the
wireless speakers 1a that is the output destination of the
music data, from the listener via the graphical user inter-
face unit 22.
[0116] The main control unit 44 first hands over the
music data to be reproduced and the ID of the wireless
speaker 1a that is the output destination of the music
data to the reproduction instruction transmission unit 23.
The reproduction instruction transmission unit 23 re-
ceives the music data and the ID, and multicasts a re-
production instruction in which the music data to be re-
produced and the ID of the wireless speaker 1a that is
the output destination of the music data are specified
from the wireless network interface unit 21 (Step S350).
[0117] The main control unit 44 next turns on the mi-

crophone unit 20 (Step S351) and waits for an input of
an audio signal to the microphone unit 20 (Step S352) .
When an audio signal is input to the microphone unit 20
("YES" in Step S352), the main control unit 44 instructs
the input volume level measurement unit 25 to start
measuring the input volume level Vin. The input volume
level measurement unit 25 responds to the instruction by
measuring, at the predetermined interval T1, the input
volume level Vin, which is an average of input volumes
of audio signals that are input to the microphone unit 20
within the predetermined period T2 (Step S353) .
[0118] Next, the output volume level reception unit 42
receives an output volume level notification (Vout notifi-
cation), which is transmitted regularly from the wireless
speaker 1a, via the wireless network interface unit 21
("YES" in Step S354), and hands over the output volume
level Vout included in the output volume level notification
to the exit determination unit 43. The exit determination
unit 43 receives the output volume level Vout, and cal-
culates and stores the volume level ratio Vin/Vout, which
indicates the proportion of the latest input volume level
Vin measured by the input volume level measurement
unit 25 to the output volume level Vout received from the
output volume level reception unit 42 (Step S355).
[0119] The exit determination unit 43 then determines
whether a volume level ratio Vin/Vout calculated at a point
that goes back by the predetermined period T3 (for ex-
ample, 4 seconds to 6 seconds) is stored (Step S356).
When it is determined that a volume level ratio Vin/Vout
calculated at a point that goes back by the predetermined
period T3 is not stored ("NO" in Step S356), the flow
returns to Step S354.
[0120] When it is determined that a volume level ratio
Vin/Vout calculated at a point that goes back by the pre-
determined period T3 is stored ("YES" in Step S356), on
the other hand, the exit determination unit 43 compares
the volume level ratio Vin/Vout calculated at a point that
goes back by the predetermined period T3 and the newly
calculated volume level ratio Vin/Vout to determine
whether the newly calculated volume level ratio Vin/Vout
is lower than the volume level ratio Vin/Vout calculated
at a point that goes back by the predetermined period T3
by the predetermined value P (for example, 5 dB) or more
(Step S357) . When the newly calculated volume level
ratio Vin/Vout is not lower than the volume level ratio
Vin/Vout calculated at a point that goes back by the pre-
determined period T3 by the predetermined value P or
more ("NO" in Step S357), the flow returns to Step S354.
[0121] When the newly calculated volume level ratio
Vin/Vout is lower than the volume level ratio Vin/Vout
calculated at a point that goes back by the predetermined
period T3 by the predetermined value P or more ("YES"
in Step S357), on the other hand, the exit determination
unit 43 notifies the main control unit 44 of that fact. In
response to the notification, the main control unit 44 no-
tifies the ID of the wireless speaker 1a that is the output
destination of the music data to the output stop instruction
transmission unit 40. The output stop instruction trans-
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mission unit 40 multicasts an output stop instruction in
which the ID of the output destination wireless speaker
1a is specified from the wireless network interface unit
21 (Step S358). The input volume level measurement
unit 25 may stop the measurement of the input volume
level Vin at this point.
[0122] In a subsequent period before the time runs out
with the elapse of the predetermined time-out time T4
(for example, 3 minutes) ("NO" in Step S361), the main
control unit 44 waits for the reception of resumption op-
eration from the listener via the graphical user interface
unit 22 (Step S359).
[0123] The main control unit 44 subsequently receives
resumption operation from the listener via the graphical
user interface unit 22 ("YES" in Step S359), and notifies
the ID of the wireless speaker 1a that is the output des-
tination of the music data to the resumption instruction
transmission unit 24. The resumption instruction trans-
mission unit 24 multicasts a resumption instruction in
which the ID of the wireless speaker 1a that is the output
destination of the music data is specified from the wire-
less network interface unit 21 (Step S360). In the case
where the measurement of the input volume level Vin
has been stopped, the input volume level measurement
unit 25 resumes the measurement of the input volume
level Vin. The flow then returns to Step S354.
[0124] When the time runs out with the elapse of the
time-out time T4 ("YES" in Step S361) without receiving
resumption operation from the listener ("NO" in Step
S359), on the other hand, the main control unit 44 notifies
the ID of the wireless speaker 1a that is the output des-
tination of the music data to the power-off instruction
transmission unit 41. The power-off instruction transmis-
sion unit 41 multicasts a power-off instruction in which
the ID of the output destination wireless speaker 1a is
specified from the wireless network interface unit 21
(Step S362) . The main control unit 44 then instructs the
input volume level measurement unit 25 to end the meas-
urement of the input volume level Vin. The input volume
level measurement unit 25 ends the measurement of the
input volume level Vin in response to the instruction (Step
S363) . The main control unit 44 then turns off the micro-
phone unit 20 (Step S364), and ends this flow.
[0125] When remote control ending operation for end-
ing the remote control of the relevant wireless speaker
1a is received from the listener via the graphical user
interface unit 22 ("YES" in Step S365), the main control
unit 44 instructs the input volume level measurement unit
25 to end the measurement of the input volume level Vin.
The input volume level measurement unit 25 ends the
measurement of the input volume level Vin in response
to the instruction (Step S363). The main control unit 44
then turns off the microphone unit 20 (Step S364), and
ends this flow.
[0126] This concludes a description on the second em-
bodiment of the present invention.
[0127] Also in the second embodiment, in the same
manner as in the first embodiment, the output volume

level Vout of audio signals output from the speaker unit
10 of one of the wireless speakers 1a and the input vol-
ume level Vin of audio signals input to the microphone
unit 20 of the audio controller 2a are compared to deter-
mine, from the ratio of the two volume levels, namely,
Vin/Vout, whether a listener carrying the audio controller
2a has left the room in which the wireless speaker 1a is
installed. When it is determined that the listener has left
the room, the output of an audio signal from the wireless
speaker 1a is stopped. The output of an audio signal can
thus be automatically stopped when a listener leaves a
room in which the wireless speaker 1a is currently out-
putting an audio signal without stopping the output of an
audio signal. Power consumption can accordingly be re-
duced by preventing a useless output of an audio signal.
[0128] The audio controller 2a in the second embodi-
ment transmits a resumption instruction for causing one
of the wireless speakers 1a to resume the output of an
audio signal when receiving resumption operation from
the listener in a period that follows the transmission of
an output stop instruction for causing the wireless speak-
er 1a to stop the output of an audio signal and that pre-
cedes the elapse of the predetermined time-out time T4.
When the time runs out with the elapse of the time-out
time T4 without receiving resumption operation from the
listener, on the other hand, the audio controller 2a trans-
mits a power-off instruction for causing the wireless
speaker 1a to stop the reproduction of music data as
audio signals and to power off. This enables the listener
who carries the audio controller 2a to continue enjoying
music data with simple operation when the listener re-
turns to the room in which the wireless speaker 1a is
installed shortly after leaving the room, while the wireless
speaker 1a can automatically be powered off when the
listener leaves the room and does not return. The power
consumption of the wireless speaker 1a can consequent-
ly be reduced with efficiency.
[0129] Also in the second embodiment, in the same
manner as in the first embodiment, it is determined that
a listener carrying the audio controller 2a has left a room
in which one of the wireless speakers 1a is installed when
the volume level ratio Vin/Vout drops by the predeter-
mined value P or more within the predetermined period
T3 (Step S163 and Step S171 of FIG. 7 and Step S357
of FIG. 11). However, as described in the first embodi-
ment, depending on the performance of the microphone
unit 20 of the audio controller 2a, it may erroneously be
determined that the listener has left the room when the
listener intentionally lowers the sound volume of the wire-
less speaker 1a. For that reason, it may be determined
that the listener has not left the room even when the vol-
ume level ratio Vin/Vout drops by the predetermined val-
ue P or more within the predetermined period T3 if the
sound volume is less than a predetermined value.
[0130] Also in the second embodiment, in the same
manner as in the first embodiment, the output volume
level Vout of audio signals output from the speaker unit
10 of one of the wireless speakers 1a and the input vol-
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ume level Vin of audio signals input to the microphone
unit 20 of the audio controller 2a are compared to deter-
mine, from the ratio of the two volume levels, namely,
Vin/Vout, whether a listener carrying the audio controller
2a has left the room in which the wireless speaker 1a is
installed. However, the present invention is not limited
thereto. The present invention can be carried out in any
mode as long as whether a listener carrying the audio
controller 2a is away from the vicinity of one of the wire-
less speakers 1a can be determined based on the result
of a comparison between an output characteristic of an
audio signal output from the speaker unit 10 of the wire-
less speaker 1a and an input characteristic of an audio
signal input to the microphone unit 20 of the audio con-
troller 2a.
[0131] For example, each of the wireless speakers 1a
measures at the predetermined interval T1 the output
waveforms of audio signals output from the speaker unit
10 within the predetermined period T2 to transmit the
output waveforms to the audio controller 2a, and the au-
dio controller 2a measures at the predetermined interval
T1 the input waveforms of audio signals input to the mi-
crophone unit 20 within the predetermined period T2. The
audio controller 2a compares the latest input waveform
measured and the latest output waveform received from
the wireless speaker 1a, and determines whether a lis-
tener carrying the audio controller 2a is away from the
vicinity of the wireless speaker 1a based on whether a
delay time of the input waveform with respect to the out-
put waveform (a phase difference) is equal to more than
a predetermined length of time.
[0132] The present invention is not limited to each of
the embodiments described above, and various modifi-
cations may be made thereto within the scope of the gist
of the present invention.
[0133] For example, while the audio controller 2 or 2a
in the embodiments described above multicasts various
instructions to the wireless speakers 1 or the wireless
speakers 1a, the multicast transmission may be replaced
with unicast transmission when the audio controller 2 or
2a is aware of the address of each wireless speaker 1 or
each wireless speaker 1a.
[0134] The audio controller 2 or 2a in the embodiments
described above is connected to the wireless speakers
1 or the wireless speakers 1a via the access point 4 and
the network 5. However, the present invention is not lim-
ited thereto. The audio controller 2 or 2a and the wireless
speakers 1 or the wireless speakers 1a may be connect-
ed directly by a wireless network through an ad-hoc mode
of wireless LAN, Bluetooth (trademark), or other types of
short-distance wireless communication.
[0135] In the embodiments described above, the me-
dia server 3 is connected to the network 5, but the media
server 3 may be connected to a wireless network. The
media server 3 may be built into the audio controller 2 or
2a, or into any one of the wireless speakers 1 or wireless
speakers 1a. When the media server 3 is built into the
audio controller 2 or 2a, the wireless speaker 1 or 1a

acquires music data from the audio controller 2 or 2a.
When the media server 3 is built into any one of the wire-
less speakers 1 or wireless speakers 1a, another wire-
less speaker 1 or 1a acquires music data from the wire-
less speaker 1 or 1a into which the media server 3 is built.

Reference Signs List

[0136] 1, 1a, 1-1 to 1-3, 1a-1 to 1a-3: wireless speaker,
2, 2a: audio controller, 3: media server, 4: access point,
5: network, 10: speaker unit, 11: wireless network inter-
face unit, 12: instruction reception unit, 13: music data
acquisition unit, 14: music data storage unit, 15: music
data reproduction unit, 16: output volume level measure-
ment unit, 17: input volume level reception unit, 18, 43:
exit determination unit, 19, 27, 31, 44: main control unit
20: microphone unit, 21: wireless network interface unit,
22: graphical user interface unit, 23: reproduction instruc-
tion transmission unit, 24: resumption instruction trans-
mission unit, 25: input volume level measurement unit,
26: input volume level notification unit, 30: output volume
level notification unit, 40: output stop instruction trans-
mission unit, 41: power-off instruction transmission unit,
42: output volume level reception unit

Claims

1. A wireless speaker, which is configured to reproduce
and output an audio signal in accordance with re-
mote operation performed on a controller, the wire-
less speaker comprising:

output characteristic measurement means for
sequentially measuring output characteristics of
audio signals that are output within a predeter-
mined period;
input characteristic reception means for sequen-
tially receiving, from the controller, input char-
acteristics of audio signals that are input within
the predetermined period to a microphone,
which is included in the controller;
determination means for comparing the latest
output characteristic measured by the output
characteristic measurement means and the lat-
est input characteristic received by the input
characteristic reception means, and determin-
ing, from a result of the comparison, whether a
listener owning the controller is away from vicin-
ity of the wireless speaker; and
control means for stopping output of an audio
signal when the determination means deter-
mines that the listener is away from the vicinity
of the wireless speaker.

2. A wireless speaker according to claim 1,
wherein the output characteristic measurement
means is configured to sequentially measure, as the
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output characteristic, output volume levels of audio
signals that are output within the predetermined pe-
riod from the wireless speaker,
wherein the input characteristic reception unit is con-
figured to sequentially receive, as the input charac-
teristic, input volume levels of audio signals that are
input within the predetermined period to the micro-
phone included in the controller, and
wherein the determination means is configured to
determine that the listener is away from the vicinity
of the wireless speaker when a ratio of the latest
input volume level received by the input character-
istic reception means to the latest output volume lev-
el measured by the output characteristic measure-
ment means drops by a predetermined value or
more.

3. A wireless speaker according to claim 1,
wherein the output characteristic measurement
means is configured to sequentially measure, as the
output characteristic, output waveforms of audio sig-
nals that are output within the predetermined period
from the wireless speaker,
wherein the input characteristic reception unit is con-
figured to sequentially receive, as the input charac-
teristic, input waveforms of audio signals that are
input within the predetermined period to the micro-
phone included in the controller, and
wherein the determination means is configured to
determine that the listener is away from the vicinity
of the wireless speaker when a delay time of the
latest input waveform received by the input charac-
teristic reception means with respect to the latest
output waveform measured by the output character-
istic measurement means is equal to or more than
a predetermined length of time.

4. A wireless speaker according to claim 2 or 3, further
comprising resumption instruction reception means
for receiving a resumption instruction from the con-
troller,
wherein the control means is configured to:

store a set value of a sound volume as a re-
sumption level when the determination means
determines that the listener is away from the vi-
cinity of the wireless speaker, and stop the out-
put of an audio signal by changing the set value
of the sound volume to a zero level; and
change the set value of the sound volume from
the zero level to the resumption level when the
resumption instruction reception means re-
ceives the resumption instruction within a pre-
determined time-out time since the stop of the
output of an audio signal, and stop the repro-
duction of audio signals when the resumption
instruction is not received.

5. A controller, which is configured to remotely operate
a wireless speaker configured to reproduce and out-
put an audio signal, the controller comprising:

a microphone;
input characteristic measurement means for se-
quentially measuring input characteristics of au-
dio signals that are input to the microphone with-
in a predetermined period;
output characteristic reception means for se-
quentially receiving, from the wireless speaker,
output characteristics of audio signals that are
output from the wireless speaker within the pre-
determined period;
determination means for comparing the latest
output characteristic received by the output
characteristic reception means and the latest in-
put characteristic measured by the input char-
acteristic measurement means, and determin-
ing, from a result of the comparison, whether a
listener owning the controller is away from vicin-
ity of the wireless speaker; and
output stop instruction transmission means for
transmitting, to the wireless speaker, an output
stop instruction for stopping output of an audio
signal when the determination means deter-
mines that the listener is away from the vicinity
of the wireless speaker.

6. A controller according to claim 5,
wherein the input characteristic measurement
means is configured to sequentially measure, as the
input characteristics, input volume levels of audio
signals that are input to the microphone within the
predetermined period,
wherein the output characteristic reception unit is
configured to sequentially receive, as the output
characteristics, output volume levels of audio signals
that are output from the wireless speaker within the
predetermined period, and
wherein the determination means is configured to
determine that the listener is away from the vicinity
of the wireless speaker when a ratio of the latest
input volume level measured by the input character-
istic measurement means to the latest output volume
level received by the output characteristic reception
means drops by a predetermined value or more.

7. A controller according to claim 5,
wherein the input characteristic measurement
means is configured to sequentially measure, as the
input characteristics, input waveforms of audio sig-
nals that are input to the microphone within the pre-
determined period,
wherein the output characteristic reception unit is
configured to sequentially receive, as the output
characteristics, output waveforms of audio signals
that are output from the wireless speaker within the
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predetermined period, and
wherein the determination means is configured to
determine that the listener is away from the vicinity
of the wireless speaker when a delay time of the
latest input waveform measured by the input char-
acteristic measurement means with respect to the
latest output waveform received by the output char-
acteristic reception means is equal to or more than
a predetermined length of time.

8. A controller according to any one of claims 5 to 7,
further comprising:

resumption instruction transmission means for
transmitting, to the wireless speaker, in accord-
ance with an instruction issued by the listener,
a resumption instruction for resuming the output
of an audio signal that has been stopped by the
output stop instruction transmitted from the out-
put stop instruction transmission means; and
power-off instruction transmission means for
transmitting, to the wireless speaker, a power-
off instruction for powering off the wireless
speaker when time runs out with an elapse of a
predetermined time-out time in a period that fol-
lows the transmission of the output stop instruc-
tion from the output stop instruction transmis-
sion means, without transmission of the resump-
tion instruction from the resumption instruction
transmission means.

9. A wireless audio system, comprising:

the wireless speaker of any one of claims 1 to
4; and
a controller configured to remotely operate the
wireless speaker,
wherein the controller includes:

a microphone;
input characteristic measurement means
for sequentially measuring input character-
istics of audio signals that are input to the
microphone within the predetermined peri-
od; and
input characteristic transmission means for
sequentially transmitting, to the wireless
speaker, the input characteristics sequen-
tially measured by the input characteristic
measurement means.

10. A wireless audio system, comprising:

a wireless speaker configured to reproduce and
output an audio signal; and
the controller of any one of claims 5 to 8, which
is configured to remotely operate the wireless
speaker,

wherein the wireless speaker includes:

output characteristic measurement means
for sequentially measuring output charac-
teristics of audio signals that are output from
the wireless speaker within the predeter-
mined period; and
output characteristic transmission means
for sequentially transmitting, to the control-
ler, the output characteristics sequentially
measured by the output characteristic
measurement means.

11. A program readable by a computer, for causing the
computer to function as a wireless speaker config-
ured to reproduce and output an audio signal in ac-
cordance with remote operation performed on a con-
troller,
the wireless speaker including:

output characteristic measurement means for
sequentially measuring output characteristics of
audio signals that are output within a predeter-
mined period;
input characteristic reception means for sequen-
tially receiving, from the controller, input char-
acteristics of audio signals that are input within
the predetermined period to a microphone,
which is included in the controller;
determination means for comparing the latest
output characteristic measured by the output
characteristic measurement means and the lat-
est input characteristic received by the input
characteristic reception means, and determin-
ing, from a result of the comparison, whether a
listener owning the controller is away from vicin-
ity of the wireless speaker; and
control means for stopping output of an audio
signal when the determination means deter-
mines that the listener is away from the vicinity
of the wireless speaker.

12. A program readable by a computer, for causing the
computer to function as a controller configured to
remotely operate a wireless speaker configured to
reproduce and output an audio signal,
the controller including:

a microphone;
input characteristic measurement means for se-
quentially measuring input characteristics of au-
dio signals that are input to the microphone with-
in a predetermined period;
output characteristic reception means for se-
quentially receiving, from the wireless speaker,
output characteristics of audio signals that are
output from the wireless speaker within the pre-
determined period;
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determination means for comparing the latest
output characteristic received by the output
characteristic reception means and the latest in-
put characteristic measured by the input char-
acteristic measurement means, and determin-
ing, from a result of the comparison, whether a
listener owning the controller is away from vicin-
ity of the wireless speaker; and
output stop instruction transmission means for
transmitting, to the wireless speaker, an output
stop instruction for stopping output of an audio
signal when the determination means deter-
mines that the listener is away from the vicinity
of the wireless speaker.
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