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(57)  An audio reproducing system includes a pair of
speaker units, a mounting unit for mounting the pair of
speaker units, without being attached to a baffle board,
to the vicinity of a listener’s ears in a manner such that
sounds emitted from the front and back of a diaphragm

FIG. 1

of each speaker unit are mixed, and an audio signal out-
put unit for virtual sound imaging an input audio signal
and outputting the virtual sound imaged signal to the pair
of speaker units in a manner such that the listener listens
to asound reproduced by the pair of speaker units feeling
as if the sound is emitted from a different speaker device.
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Description
CROSS REFERENCES TO RELATED APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2006-024302
filed in the Japanese Patent Office on February 1, 2006,
the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to a method and
system for reproducing multi-channel surround audio sig-
nal such as 5.1 channel surround audio signal.

2. Description of the Related Art

[0003] Audio-visual reproducing systems called home
theaters are being widely used. The audio-visual repro-
ducing system reproduces video from a digital versatile
disk (DVD) on a relatively large-screen display while us-
ing a multi-channel surround audio system such as 5.1
channel surround audio system for sound reproduction.
The audio-visual reproducing system thus reproduces
powerful audio-visual content.

[0004] The 5.1 channel audio-visual reproducing sys-
tem uses four types of speakers, a speaker in front of a
listener (hereinafter referred to as front speaker), a
speaker in center front of a listener (hereinafter referred
to as a center speaker), a speaker in rear of the listener
(hereinafter referred to as rear speaker), and a speaker
dedicated to low-frequency sound. A subwoofer as a low-
frequency speaker is responsible for monophonic sound
in a band of 100 Hz or lower. The other speakers work
in a range from 100 Hz to 20 kHz.

[0005] Atypical known 5.1 channel audio-visual repro-
ducing system is shown in Fig. 31. As shown in Fig. 31,
a front left channel speaker 10FL is placed in front left of
a listener 4, a front right channel speaker 10FR is placed
in frontright of the listener 4, and a center channel speak-
er 10C is placed in center front of the listener 4.

[0006] Furthermore, a rear left channel speaker 10RL
is placed in rear left of the listener 4, and a rear right
channel speaker 10RR is placed in rear right of the lis-
tener 4. A subwoofer 10SW as a low-frequency effect
(LFE) channel speaker is arranged at any convenient
location.

[0007] The six speakers 10FL, 10FR, 10C, 10RL,
10RR, and 10SW are housed in the boxes thereof, and
placed at the locations thereof. The six speakers are typ-
ically spaced from the listener 4 by a distance ds of about
2 meters.

[0008] In the known audio-visual reproducing system,
a speaker box having a volume of 15 liters was used for
the front left and right channel speakers. Currently, each
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of the front left and right channel speakers, housed in a
small box having a volume of about 1 liter, is also referred
to a satellite speaker. Since these speakers are naturally
unable to provide low-frequency sound, and to compen-
sate for this, a speaker dedicated to low-frequency
sound, called a subwoofer, is added. Ifthe speakers other
than the subwoofer are housed in the small boxes, a
cross-over frequency of the audio signal supplied to the
subwoofer 10SW is typically 150 Hz, slightly higher than
typical 100 Hz, but still a sufficiently low frequency.
[0009] In the speaker system thus configured, a suffi-
cientlow-frequency sound is generated when a 5.1 chan-
nel audio signal is reproduced from a DVD. Furthermore,
since a reproducing side also includes a special channel
particular for a low-frequency sound, the low-frequency
sound is fully provided within the room in a manner that
has never been performed before. The user thus can
enjoy the powerful presence of sound and video.
[0010] However, a small room made of weak wall and
floor material may not have a sufficient space to accom-
modate the six speakers, and may result in a noise prob-
lem due to sound leakage to the outside of the room.
[0011] When a user wishes to enjoy a powerful audio
sound in audio-visual content from a DVD with an ordi-
nary 5.1 channel speaker system, a sound level of 90 dB
or higher is required. Noise problem to the ambient en-
vironment needs to be addressed when the user attempts
to enjoy the effect of the multi-channel sound.

[0012] Even a single door or wall can easily isolate
sound if the sound is high frequency. However, a low-
frequency sound as low as 100 Hz or so cannot be easily
isolated. A small room is not sufficient to isolate the low-
frequency sound. In particular, a sound of 40 Hz to 50
Hz, handled by the subwoofer, resounds well, and prop-
agates throughout a relatively wide area.

[0013] The sound reproduced by the subwoofer may
leak out not only to a next room but also to rooms upstairs
or downstairs, thereby possibly annoying persons in the
next room. The lower the frequency of the sound, the
more difficult the isolation of the sound is. The subwoofer
is a problem and the otherwise excellent 5.1 audio re-
producing system cannot be fully enjoyed.

[0014] Japanese Unexamined Patent Application
Publication No. 5-95591 discloses an audio reproducing
system in which an intermediate to high frequency sound
is reproduced by a small speaker (housed in a speaker
box) and a low-frequency sound is reproduced in the vi-
cinity of the ears of the listener with a low-frequency head-
phone or using a bone conduction mechanism.

[0015] In accordance with the disclosure, the low-fre-
quency sound is reproduced using the headphone or the
bone conduction mechanism. The low-frequency sound,
heard at a high level by the listener, does not propagate
to next rooms or a next house.

SUMMARY OF THE INVENTION

[0016] The technique disclosed in Japanese Unexam-
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ined Patent Application Publication No. 5-95591 employs
vibrators to reproduce the sound in the vicinity of the ears
ofthe listener, such as a headphone or a bone conduction
mechanism, instead of a speaker. Such vibrators do not
so work well as the speaker in terms of low-frequency
performance and are not expected to be widely accepted
by users, although how well such vibrators are accepted
vary to users’ preference. Further, wearing the head-
phone or the bone conduction headphone is troublesome
to listeners.

[0017] The disclosed technique alleviates the noise
problem of the low-frequency sound, but does not meet
the need that many speakers be installed within a limited
space.

[0018] It is thus desirable to provide an audio repro-
ducing method and an audio reproducing system for re-
producing a multi-channel surround signal with speakers
of the number smaller than the number of channels with
the level of sound traveling to neighboring house control-
led even if the signal is reproduced at a high volume level.
[0019] An audio reproducing system of one embodi-
ment of the present invention includes a pair of speaker
units, a mounting unit for mounting the pair of speaker
units, without being attached to a baffle board, to the
vicinity of a listener’s ears in a manner such that sounds
emitted from the front and back of a diaphragm of each
speaker unit are mixed, and an audio signal output unit
for virtual sound imaging an input audio signal and out-
putting the virtual sound imaged signal to the pair of
speaker units in a manner such that the listener listens
to a sound reproduced by the pair of speaker units feeling
as if the sound is emitted from a different speaker device.
[0020] The listener can hear the sound at a high vol-
ume level because the speaker unit is held close to the
ears of the listener.

[0021] Sincethe speaker unitis notinstalled on a baffle
board, the reproduced sound is emitted from the front
and rear of the diaphragm of the speaker unit. The sound
emitted from the front of the diaphragm and the sound
emitted from the back of the diaphragm are opposite to
each other in phase. As the sounds travel externally, the
sounds cancel each other, and attenuate the intensity
thereof. The lower the frequency of the sound, the more
the attenuation of the sound becomes. The sound, in
particular, low-frequency sound, traveling to neighboring
houses is substantially attenuated.

[0022] Inaccordance with embodiments of the present
invention, the speaker unit virtual sound images (sound
image localizing) a front channel sound or a rear channel
sound of a multi-channel surround sound, and then re-
produces the processed signal as a front-channel sound
or a rear-channel sound. The embodiments of the
present invention eliminate the need for a front-channel
speaker and a rear-channel speaker.

[0023] Inaccordance with embodiments of the present
invention, the speaker unit mounted closely to the ears
of the listener. If a sound is reproduced at a high volume
level, the traveling of a low-frequency sound to neighbor-
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ing houses is controlled. Since the audio signal supplied
to the speaker unit is virtual sound imaged, the front-
channel sound and the rear-channel sound of the multi-
channel surround sound are virtually reproduced by the
speaker unit. The multi-channel surround sound is thus
reproduced with a smaller number of speakers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig. 1 is a block diagram of an audio reproducing
system in accordance with a first embodiment of the
present invention;

Fig. 2 illustrates a speaker placement configuration
of the audio reproducing system in accordance with
the first embodiment of the present invention;

Fig. 3 illustrates a speaker placement in accordance
with the first embodiment of the present invention;
Fig. 4 is a plot explaining operation of the audio re-
producing system in accordance with the first em-
bodiment of the present invention;

Fig. 5illustrates a speaker placed in accordance with
the first embodiment of the present invention;

Figs. 6A and 6B illustrates a speaker mounted in
accordance with the first embodiment of the present
invention;

Fig. 7 is a block diagram of an audio signal output
device in the audio reproducing system in accord-
ance with the first embodiment of the present inven-
tion;

Fig. 8 is a diagram explaining a portion of the audio
signal output device of Fig. 7;

Fig. 9 is a block diagram of an audio reproducing
system in accordance with a second embodiment of
the present invention;

Fig. 10 illustrates a speaker mounting example in
the audio reproducing system in accordance with the
second embodiment of the present invention;

Fig. 11 is a block diagram of an audio reproducing
system in accordance with a third embodiment of the
present invention;

Fig. 12 illustrates a speaker placement configuration
in the audio reproducing system in accordance with
the third embodiment of the present invention;

Fig. 13 illustrates a speaker mounting example in
the audio reproducing system in accordance with the
third embodiment of the present invention;

Figs. 14A and 14B illustrates speakers mounted in
the audio reproducing system in accordance with the
third embodiment of the present invention;

Fig. 15 is a block diagram of an audio signal output
device in the audio reproducing system in accord-
ance with the third embodiment of the present inven-
tion;

Fig. 16 is a diagram explaining a portion of the audio
signal output device of Fig. 15;

Fig. 17 is a block diagram illustrating an audio repro-
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ducing system in accordance with a fourth embodi-
ment of the present invention;

Fig. 18 illustrates a speaker placement configuration
in the audio reproducing system in accordance with
the third embodiment of the present invention;

Fig. 19 is a block diagram of an audio signal output
device in the audio reproducing system in accord-
ance with the fourth embodiment of the present in-
vention;

Fig. 20 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 21 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 22 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 23 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 24 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 25 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 26 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 27 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 28 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 29 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention;

Fig. 30 illustrates a speaker mounting example in
the audio reproducing system in accordance with
one embodiment of the present invention; and

Fig. 31 illustrates a typical speaker mounting exam-
ple in a known audio reproducing system.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] An audio reproducing system for reproducing a
5.1 channel surround sound in accordance with embod-
iments of the present invention is described below with
reference to the drawings.

First Embodiment

[0026] An audio reproducing system of a first embod-
iment of the present invention is described below. The
audio reproducing system reproduces a video and a 5.1
channel surround sound based on a video signal and an
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audio signal reproduced by a DVD player or based on a
digital broadcast signal received by a television receiver.
[0027] Fig. 1 illustrates the audio reproducing system
of the first embodiment.

[0028] As shown in Fig. 1, the audio reproducing sys-
tem of the first embodimentincludes a television receiver
1 including two speakers 11FL and 11FR, a DVD player
2, an audio signal output device 3, and two speakers
11SW1 and 11SW2 mounted close to the ears of a lis-
tener 4.

[0029] In accordance with the first embodiment of the
present invention, the two speakers 11FL and 11FR of
the television receiver 1 are used as the front left and
right channel audio signals of a 5.1 channel surround
sound. The two speakers 11FL and 11FR may be in-
stalled in the television receiver 1 or may be arranged
separate from the television receiver 1.

[0030] In accordance with the first embodiment of the
present invention, the two speakers 11SW1 and 11SW2
arranged close to the ears of the listener 4 serve as sub-
woofers for low-frequency sound of the 5.1 channel sur-
round sound. In accordance with the first embodiment,
the audio signal output device 3 virtual sound images
rear left and right channel audio signals of the 5.1 channel
surround sound and supplies the virtual sound imaged
signals to the two speakers 11SW1 and 11SW2 serving
as the subwoofers.

[0031] The television receiver 1 has a function to re-
ceive a digital broadcast signal. The television receiver
1 reproduces an audio signal of a digital broadcast pro-
gram from a digital broadcast signal, and displays a re-
produced video of the digital broadcast program onto a
display screen 1D of the television receiver 1 while out-
putting a reproduced sound of the digital broadcast pro-
gram from the speakers 11FL and 11FR.

[0032] If the audio of the digital broadcast program is
a multi-channel surround sound, the reproduced sounds
of the digital broadcast program emitted from the speak-
ers 11FL and 11FR contain in addition to the front left
and right channel sounds, a center channel sound, and
rear left and right channel sounds.

[0033] Inaccordance with the first embodiment, an au-
dio signal Au1, received and then reproduced by the tel-
evision receiver 1, is supplied to the audio signal output
device 3.

[0034] The DVD player 2 reproduces and outputs a
video signal and an audio signal recorded on a DVD. A
video signal Vi reproduced by the DVD player 2 is sup-
plied to the television receiver 1. A reproduced video re-
sponsive to the video signal Vi is then displayed on the
display screen 1D of the television receiver 1. An audio
signal Au2 reproduced by the DVD player 2 is supplied
to the audio signal output device 3.

[0035] In accordance with the first embodiment, the
audio signal output device 3 has a function to decode
data of the 5.1 channel surround sound. When the signal
of the digital broadcast program received by the televi-
sion receiver 1 is reproduced into a 5.1 channel surround
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sound, the audio signal output device 3 produces audio
signals to be supplied to a first speaker 11SW1 and a
second speaker 11SW2 mounted in the vicinity of the
ears of a listener 4, respectively.

[0036] When the a video and audio reproduced by the
DVD player 2 are used, the audio signal output device 3
supplies not only the audio signals to the first speaker
11SW1 and the second speaker 11SW2 mounted in the
vicinity of the ears of the listener 4 but also generates
audio signals for the left and right channel speakers 11FL
and 11FR in the television receiver 1, and then supplies
the audio signal to the respective speakers.

[0037] In accordance with the first embodiment, the
audio signal output device 3 supplies a front left channel
audio signal L and a center channel audio signal C to the
speaker 11FL in the television receiver 1 and a front right
channel audio signal R and the center channel audio sig-
nal C to the speaker 11FR in the television receiver 1.
[0038] The audio signal output device 3 supplies arear
left channel audio signal RL* virtual sound imaged as will
be discussed later and a low-frequency audio signal LFE
to the speaker 11SW1 and a rear right channel audio
signal RR* virtual sound imaged as will be discussed
later and the low-frequency audio signal LFE to the
speaker 11SW2.

[0039] A speaker placement configuration in the audio
reproducing system of the first embodiment of the
present invention is discussed with reference to Fig. 2.
[0040] AsshowninFig.2,thefrontleftchannel speaker
11FL is arranged in front left of the listener 4, and the
frontright channel speaker 11FRis arranged in front right
of the listener 4.

[0041] The television receiver 1 houses the speakers
11FL and 11FR. The speaker 11FL include a speaker
unit 13FL and a small speaker box 12FL housing the
speaker unit 13FL. The front panel of the speaker box
12FL (such as the front panel of the television receiver
1) serves as a baffle board supporting the speaker unit
13FL. The speaker 11FR include a speaker unit 13FR
and a small speaker box 12FR housing the speaker unit
13FR. The front panel of the speaker box 12FR (such as
the front panel of the television receiver 1) serves as a
baffle board supporting the speaker unit 13FR. If there
is no need to discriminate between the speakers 11FL
and 11FR, each of the speakers 11FL and 11FRis here-
inafter referred to as a front speaker.

[0042] In accordance with the first embodiment, the
speaker 11SW1 and the speaker 11SW2 are arranged
in the vicinity of the ears of the listener 4 with the head
of the listener 4 interposed therebetween in a manner
such thata diaphragm of each speaker faces a respective
ear of the listener 4. The subwoofers 11SW1 and 11SW2
remain out of direct contact with the head and the ears
of the listener 4. The two speakers 11SW1 and 11SW2
are not housed in speaker boxes so that the sounds emit-
ted from the front and back of the diaphragm of each
speaker unit are mixed. No baffle board is mounted on
each of the speakers 11SW1 and 11SW2. More specif-
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ically, each of the speakers 11SW1 and 11SW2 is mount-
ed with the diaphragm thereof exposed outwardly. Op-
tionally, as long as acoustics is free from any effect, a
mesh or a hole-opened board may cover the speaker or
ahole-opened baffle board may be attached to the speak-
er.

[0043] In accordance with the first embodiment, the
two speakers 11SW1 and 11SW2 are commonly sup-
plied with the low-frequency audio signal LFE, and thus
emits LFE channel low-frequency sounds in phase with
each other. The two speakers 11SW1 and 11SW2 thus
serve as subwoofers. The two speakers 11SW1 and
11SW2 are hereinafter also referred to as the subwoof-
ers.

[0044] Since the LFE channel low-frequency sounds
are emitted in the vicinity of the ears of the listener 4 in
the above arrangement, the listener 4 can hear the
sounds at a high volume level. At a distance from the
listener 4, the sounds emitted from the front and back of
the diaphragm of each of the speaker units of the sub-
woofers 11SW1 and 11SW2 become different in phase
by about 180 degrees, thereby mutually canceling each
other to a level that other persons almost cannot hear.
Unlike in the known art, the audio reproducing apparatus
of the first embodiment of the present invention prevents
the low-frequency sound from reaching the neighboring
houses, thereby avoiding annoying neighbors.

[0045] To verify the attenuation of the low-frequency
sound, the sound from the subwoofer such as the speak-
er unit 11SW having a size of 17 centimeters was picked
up at a distance d from the speaker unit 11SW by a mi-
crophone 14 as shown in Fig. 3, and the picked sound
was then analyzed in terms of frequency characteristics
of sound pressure level. Fig. 4 is a plot of the frequency
characteristics of the speaker unit 11SW. In this case,
the speaker unit 11SW was not housed in a box and no
baffle board was attached to the speaker unit 11SW.
[0046] Four frequency characteristics curves of Fig. 4
are those measured with a distance d between the speak-
er unit 11SW and the microphone 14 being set at 10
centimeters, 20 centimeters, 40 centimeters, and 80 cen-
timeters.

[0047] As shown in Fig. 4, the sound below 1 kHz is
substantially attenuated if the speaker unit 11SW is not
housed, and the lower the frequency of the sound, the
more pronounced the attenuation of the sound becomes.
[0048] In accordance with the first embodiment, the
respective distances dsw between the subwoofers
11SW1 and 11SW2 and the left ear and the right ear of
the listener 4 are set to a range within which the low-
frequency sound travels with no much attenuation in-
volved. The distance dsw is set to be about 20 cm herein.
[0049] The distance between the first speaker 11SW
and each of the ears of the listener 4 has been typically
2 meters. In accordance with the first embodiment, the
distance dsw of 20 centimeters between each of the sub-
woofers 11SW1 and 11SW2 and each of the ears of the
microphone 14 is one-tenth the distance in the known art.
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[0050] Energy required for the listener 4 to feel a sound
pressure is thus one-hundredth the energy required in
the known art. For example, a sound pressure provided
by a 100 w amplifier is achieved by a 1 w amplifier if the
apparatus of the first embodiment of the present inven-
tion is employed.

[0051] In accordance with the first embodiment, the
difference in the power of the audio signal output supplied
to the speaker causes sound to spread less. At the low-
frequency sounds, such as of 20 Hz, 30 Hz, and 40 Hz,
the low-frequency sounds cancel each other in phase,
and almostno sound is heard by persons excepta person
who is very close to the subwoofers 11SW1 and 11SW2.
On the other hand, the effectiveness of isolation of pow-
erful sound effects of a DVD software program is more
pronounced because much energy is concentrated in the
low-frequency region of sound.

[0052] With the above-discussed arrangement, a suf-
ficient result is achieved if it is important to attenuate the
low-frequency sound only. Similarly, a sound insulation
effect is achieved even if sounds other than the low-fre-
quency sound are reproduced from the subwoofers
11SW1 and 11SW2.

[0053] The 5.1 channel surround sounds further in-
clude a center channel sound and rear left and right chan-
nel sounds. In the known art, a center channel speaker
11C includes a speaker box 12¢ and a speaker unit 13C
housed in the speaker box 12c. The speaker unit 13C is
secured to a front panel of the speaker box 12c serving
as a baffle board as represented by broken line in Fig.
2. The center channel speaker 11C is arranged in front
of the listener 4.

[0054] Similarly, in the known art, a rear left channel
speaker 11RL includes a rear speaker unit 13RL and a
small speaker box 12RL housing the rear speaker unit
13RL. The rear speaker unit 13RL is secured to a front
panel of the speaker box 12RL serving as a baffle board
as represented by broken line in Fig. 2. A rear right chan-
nel speaker 11RRincludes a rear speaker unit 13RR and
a small speaker box 12RR housing the rear speaker unit
13RR. The rear speaker unit 13RR is secured to a front
panel of the speaker box 12RR serving as a baffle board
as represented by broken line in Fig. 2.

[0055] In accordance with the first embodiment, how-
ever, the speakers 11C, 11RL, and 11RR respectively
dedicated to the center channel sound and the rear left
and right channel sounds are not arranged. As previously
discussed, the sounds are reproduced using the two
speakers 11FL and 11FR in the television receiver 1 and
the two speakers 11SW1 and 11SW2 arranged in the
vicinity of the ears of the listener 4.

[0056] More specifically, the center channel audio sig-
nal C is added to each of the front left channel audio
signal L and the front right channel audio signal R, and
then the resulting signals are respectively supplied to the
speakers 11FL and 11FR for sound reproducing.
[0057] The rear left channel audio signal RL is virtual
sound imaged into the rear left channel audio signal RL*,
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and the rear left channel audio signal RL* is then supplied
to the speaker 11SW1 facing the left ear of the listener
4. The rear right channel audio signal RR is virtual sound
imaged into the rear right channel audio signal RR*, and
the rear right channel audio signal RR* is supplied to the
speaker 11SW2 facing the right ear of the listener 4.
[0058] Since the distance between each of the speak-
ers 11SW1 and 11SW2 and each of the ears of the lis-
tener 4 is small, radiated energy of the rear left and right
channel audio signals RL and RRis lowered to contribute
to sound isolation.

[0059] The sound reproduction of the rear left and right
channel audio signals is performed by the subwoofers
11SW1 and 11SW2 arranged close to the ears of the
listener 4. The localization of the rear left and right chan-
nel audio signals is not so important because the rear
left and right channel sounds are mainly originated from
sound reverberation from behind the listener 4. An ex-
cellent surround sound is produced with a smaller
number of speakers and low noise level involved.
[0060] As previously discussed, the sound pressure of
the subwoofers 11SW1 and 11SW2 can be reduced by
about 20 dB because the distance dsw between the ears
of the listener 4 and the corresponding subwoofers
11SW1 and 11SW2 is shortened from about typical 2
meters to about 20 centimeters. The same is also true
of the rear left and right channel audio signals RL and
RR, and energy saving is thus achieved.

[0061] As a speaker mounting example, the speakers
may be mounted on a massage chair.

[0062] Fig. 5 illustrates such an example. The two
speakers 11SW1 and 11SW2, expected to be mounted
close to the ears of the listener 4, are installed on a chair
20.

[0063] The chair 20 has a structure of a business-class
seat in an airplane, for example. A speaker holder 22 is
mounted on a top 21a of a backrest 21 of the chair 20.
The speaker holder 22 supports the subwoofers 11SW1
and 11SW2.

[0064] Figs. 6A and 6B illustrate an example of the
speaker holder 22. The speaker holder 22 is constructed
of a metal pipe 221 made of aluminum, for example. As
shown in Fig. 6B, the metal pipe 221 has a flattened ring
configuration. The subwoofers 11SW1 and 11SW2 and
further auxiliary subwoofers 11SW3 and 11SW4 are held
within space defined by the metal pipe 221.

[0065] The auxiliary subwoofers 11SW3 and 11SW4
supports the subwoofers 11SW1 and 11SW2 arranged
closetothe ears ofthe listener 4 if the subwoofers 11SW1
and 11SW2 alone lacks power of the low-frequency
sound. The auxiliary subwoofers 11SW3 and 11SW4 are
not essential elements.

[0066] In accordance with the first embodiment, the
low-frequency signal (LFE signal) only is supplied to the
auxiliary subwoofers 11SW3 and 11SW4. Like the sub-
woofers 11SW1 and 11SW2, the auxiliary subwoofers
11SW3 and 11SW4 also may also receive the audio sig-
nals that have been virtual sound imaged.
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[0067] The metal pipe 221 has a flattened ring config-
uration. The flattened ring portion of the metal pipe 221
has a generally U-shape in plan view as shown in Fig.
6A so that the metal pipe 221 surround the sides (the
ears) and the back of the head of the listener 4 except
for the front of the head of the listener 4.

[0068] Footportions 222a and 222b are extended from
the metal pipe 221 to support the metal pipe 221 to the
backrest 21 of the chair 20. The foot portions 222a and
222b detachably connects the metal pipe 221 to the back-
rest 21 on the chair 20. The top 21a of the backrest 21
of the chair 20 has deep sockets (not shown) to receive
the foot portions 222a and 222b. With the foot portions
222a and 222b received in the deep sockets in the back-
rest 21, the metal pipe 221 is secured to the backrest 21.
[0069] The subwoofers 11SW1 and 11SW2 are sup-
ported by the U-shaped metal pipe 221 in a manner such
that the subwoofers 11SW1 and 11SW2 face the left and
right ears of the listener 4 when the listener 4 sits on the
chair 20. The auxiliary subwoofers 11SW3 and 11SW4
are supported by the metal pipe 221 in a manner such
that the auxiliary subwoofers 11SW3 and 11SW4 face
the back of the head of the listener 4 when the listener 4
sits on the chair 20.

[0070] When the listener 4 sits on the chair 20, the
distance between the head (the ears) of the listener 4
and each of the subwoofers 11SW1-11SW4 is about 20
centimeters.

[0071] The audio signal output device 3 supplies the
respective channel audio signals to the subwoofers
11SW1-11SWH4 via signal lines (speaker cable).

[0072] Fig. 7 is a block diagram of the audio signal
output device 3 in accordance with the first embodiment
of the present invention. The audio signal output device
3 of the first embodiment includes an audio signal proc-
essor 300 and a controller 100 including a microcomput-
er.

[0073] The controller 100 includes a central process-
ing unit (CPU) 101. The controller 100 further includes a
read-only memory (ROM) 103 storing a software pro-
gram, a random-access memory (RAM) 104 serving as
aworking area forthe CPU 101, a plurality of input-output
ports 105-108, a user operation interface 110, a head-
related rear transfer function storage 111, each element
connected to the CPU 101 via a system bus 102. The
user operation interface 110 includes a keyboard receiv-
ing inputs to the audio signal output device 3 and aremote
control receiver communicating with a remote command-
er.

[0074] In accordance with the first embodiment, the
audio signal output device 3 can receive the audio signal
Au1 from the television receiver 1 and the audio signal
Au2 from the DVD player 2. The audio signal Au1 and
the audio signal Au2 are supplied to an input selection
switch 301.

[0075] The input selection switch 301 performs a
switching operation in response to a switch signal from
the input-output interface 105 in the controller 100 when

10

15

20

25

30

35

40

45

50

55

the a user enters an operational input to the user oper-
ation interface 110. When the user selects the audio sig-
nal from the television receiver 1, the input selection
switch 301 selects the audio signal Au1. When the audio
signal from the DVD player 2 is selected, the input se-
lection switch 301 selects the audio signal Au2.

[0076] The audio signal selected by the input selection
switch 301 is supplied to a 5.1 channel decoder 302.
Upon receiving one of the audio signal Au1 and the audio
signal Au2 from the input selection switch 301, the 5.1
channel decoder 302 decodes the selected audio signal,
thereby outputting the front left and right channel audio
signals L and R, the center channel audio signal C, the
rear left and right channel audio signals RL and RR, and
the low-frequency audio signal LFE.

[0077] The front left channel audio signal L and the
center channel audio signal C, from the 5.1 channel de-
coder 302, are synthesized by a synthesizer 303, and
the resulting synthesized output (L+C) is output to an
audio output terminal 307 via an amplifier 305. The audio
signal output to the audio output terminal 307 is then
supplied to the one speaker 11FL in the television receiv-
er1.

[0078] The front right channel audio signal R and the
center channel audio signal C, from the 5.1 channel de-
coder 302, are synthesized by a synthesizer 304. The
resulting synthesized signal (R+C) is output to an audio
output terminal 308 via an amplifier 306. The audio signal
output to the audio output terminal 308 is then supplied
to the other speaker 11FR in the television receiver 1.
[0079] The amplifiers 305 and 306 have a muting func-
tion for muting the audio signal outputs thereof, and mute
the audio signal outputs thereof in response to a muting
signal from the input-output interface 107 in the controller
100.

[0080] When the audio signal Au1 is received from the
television receiver 1 in accordance with the first embod-
iment of the present invention, the audio signal repro-
duced by the television receiver 1 is output from the
speakers 11FL and 11FR. The amplifiers 305 and 306
are mute controlled so that the audio signal from the audio
signal output device 3 is not supplied to the speakers
11FL and 11FR in the television receiver 1.

[0081] When the audio signal Au2 is received from the
DVD player 2, the amplifiers 305 and 306 are not mute
controlled, thereby permitting the audio signal to be out-
put to the speakers 11FL and 11FR in the television re-
ceiver 1.

[0082] Instead of the mute control on the amplifiers
305and 306, the 5.1 channel decoder 302 may not output
the front left and right channel audio signal L and R and
the center channel audio signal C during the decoding
ofthe audio signal from the television receiver 1. A control
signal for this operation may be supplied from the input-
output interface 106.

[0083] The rear left and right channel audio signal RL
and RR decoded by the 5.1 channel decoder 302 are
supplied to a rear transfer function convolution circuit 310
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as a virtual sound source processor.

[0084] Using a digital filter, the rear transfer function
convolution circuit 310 convolutes the rear left and right
channel audio signal RL and RR from the 5.1 channel
decoder 302 with a head-related rear transfer function
prepared by a head-related rear transfer function storage
111.

[0085] The rear transfer function convolution circuit
310 converts the input audio signal into a digital signal if
the input audio signal is not a digital signal, convolutes
the digital signal with the head-related rear transfer func-
tion, and converts back the convoluted signal into an an-
alog signal.

[0086] Thehead-relatedreartransferfunctionis meas-
ured as described below and then stored on the head-
related rear transfer function storage 111. Fig. 8 illus-
trates how the head-related rear transfer function is
measured.

[0087] As shown in Fig. 8, a left channel measuring
microphone 41 and a right channel measuring micro-
phone 42 are arranged close to the left and right ears of
the listener 4. The rear left channel speaker 11RL is ar-
ranged at a location behind the listener 4 where the rear
left channel speaker 11RL is expected to be typically in-
stalled. For example, a sound emitted by the rear left
channel speaker 11RL in response to an impulse is then
picked up by the left channel measuring microphone 41
and the right channel measuring microphone 42. The
transfer functions (the head-related rear transfer func-
tions of the rear left channel) from the rear left channel
speaker 11RL to the left and right ears of the listener 4
are measured from the picked up sounds.

[0088] Similarly, a sound emitted by the rear right
channel speaker 11RR in response to an impulse is
picked up by the microphones 41 and 42. The transfer
functions (the head-related rear transfer functions of the
rear right channel) from the rear right channel speaker
11RR to the left and right ears of the listener 4 are meas-
ured from the picked up sounds.

[0089] The front speaker RL is positioned about 2 me-
ters apart behind the listener 4 in a line angled by about
30 degrees clockwise from the fore-aft line of the listener
4 in a plan view and the front speaker RR is positioned
about 2 meters apart behind the listener4 in aline angled
by about 30 degrees counterclockwise from the fore-aft
line of the listener 4 in a plan view. With this set-up, the
transfer functions from each speaker to each earis meas-
ured.

[0090] The transfer function is further discussed. A
transfer function from left behind to the left ear is referred
to as a transfer function A. A transfer function measured
from the speaker 11SW1 in the vicinity of the ear to the
microphone 41 is referred to as a transfer function B. A
transfer function X is determined on the premise that the
transfer function B multiplied by the transfer function X
results in the transfer function A. If the signal supplied to
the close speaker 11SW1 is convoluted with the deter-
mined transfer function X, the sound emitted from the
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speaker 11SW1 is felt as if the sound comes from 2 me-
ters behind the listener 4.

[0091] The determination of the transfer function X is
not necessarily required. Only the transfer function A may
be occasionally sufficient. In the above discussion, a sin-
gle transfer function has been discussed. In practice, a
plurality of transfer functions are used as shown in Fig. 8.
[0092] Thehead-related reartransferfunctionis stored
on the head-related rear transfer function storage 111.
The head-related rear transfer function is then supplied
to the rear transfer function convolution circuit 310 via
the input-output interface 108 and is used to convolute
the rear left and right channel audio signal RL and RR
with the head-related rear transfer function. When the
rear transfer function convolution circuit 310 supplies the
rear left and right channel audio signals RL* and RR* to
the speakers 11SW1 and 11SW2 arranged in close vi-
cinity of the ears of the listener 4, respectively, the listener
4 can hear the sounds from the speakers 11SW1 and
11SW2 as if he hears the sounds from the rear left and
right channel speakers 11RL and 11RR.

[0093] The level of each of the rear left and right chan-
nel audio signal RL and RR virtual sound imaged may
be lower than the level of those supplied to the rear left
and right channel speakers 11RL and 11RR. This is be-
cause the speakers 11SW1 and 11SW2 are arranged
close to the ears of the listener 4.

[0094] Theabove processisalsoreferredtoasavirtual
sound source process because a sound is heard as if
the sound is emitted from a virtual speaker as a result of
the above-described head-related transfer function con-
volution.

[0095] In this way, the rear transfer function convolu-
tion circuit 310 supplies the virtual sound imaged, rear
left and right channel audio signals RL* and RR* to syn-
thesizers 311 and 312 respectively. The synthesizers
311 and 312 are supplied with the low-frequency audio
signal LFE from the 5.1 channel decoder 302. The output
audio signals from the synthesizers 311 and 312 are out-
put to audio output terminals 315 and 316 via amplifiers
313 and 314, respectively.

[0096] The audio output terminals 315 and 316 are
connected to the speakers 11SW1 and 11SW2, respec-
tively, arranged close to the ears of the listener 4. The
speakers 11SW1 and 11SW2, functioning as the sub-
woofers, reproduce the low-frequency audio signal LFE
while reproducing the virtual sound imaged, rear left and
right channel audio signals RL* and RR* atthe same time.
[0097] The audio signal Au1 from the television receiv-
er 1is decoded by the 5.1 channel decoder 302 for sound
reproduction. In this case, it should be noted that the
sounds output from the speakers 11FL and 11FR contain
the rear left and right channel sounds.

[0098] More specifically, the sound image localization
of the rear left and right channel sounds output from the
speakers 11SW1 and 11SW2 arranged in the vicinity of
the ears of the listener 4 can be affected by the rear left
and right channel sounds contained in the sounds emit-
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ted from the speakers 11FL and 11FR in the television
receiver 1.

[0099] In accordance with the first embodiment, the
speakers 11SW1 and 11SW2 are arranged in the vicinity
of the ears of the listener 4 and are thus much closer to
the ears of the listener 4 than the speakers 11FL and
11FRin the television receiver 1. The sound emitted from
the speakers 11SW1 and 11SW2 reach the listener 4
much earlier than the sounds from the speakers 11FL
and 11FR in the television receiver 1.

[0100] With the Haas effect, the listener 4 listens to
only the sounds from the speakers 11SW1 and 11SW2
as the rear sounds. It is thus not necessary to remove
the rear left and right channel audio signals from the audio
signals supplied to the speakers 11FL and 11FR in the
television receiver 1.

[0101] The audio signal system to be supplied to the
auxiliary subwoofers 11SW3 and 11SW4 is not shown
in Fig. 7. As previously discussed, only the low-frequency
audio signal LFE may be supplied to the auxiliary sub-
woofers 11SW3 and 11SW4. Optionally, the virtual
sound imaged, rear left and right channel audio signals
RL and RR may be supplied to the auxiliary subwoofers
11SW3 and 11SW4 in addition to the low-frequency au-
dio signal LFE.

[0102] In accordance with the audio reproducing sys-
tem of the first embodiment with the multi-channel speak-
ers mounted to the chair 20 of Fig. 5, the listener 4 sitting
on the chair 20 can enjoy a high-volume level and pres-
ence-rich multi-channel sound with the speakers of the
number smaller than the number of channels while sub-
stantially reducing the leakage of sound to the ambient
environment.

[0103] In accordance with the first embodiment, the
subwoofers 11SW1 and 11SW2 not housed in boxes and
arranged in the vicinity of the ears of the listener 4 sub-
stantially reduce the powerful low-frequency sound from
being leaked to next rooms. The rear left and right chan-
nel sounds for the speakers other than the subwoofers
are virtual sound imaged and then output from the speak-
ers 11SW1 and 11SW2. The audio signal at a low level
thus works. Not only the low-frequency sound but also
other frequency sound are reproduced at the leakage
level thereof to the ambient environment controlled. With-
out worrying about other persons, the listener 4 can fully
enjoy DVD even at midnight.

[0104] Since the speakers 11SW1 and 11SW2 are ar-
ranged in the vicinity of the ears of the listener 4, the
audio output power can be reduced to about 1/100 of the
known art. Power saving is performed and the cost in-
volved in hardware (such as an output amplifier) is re-
duced. Since a small audio output power works, the
speaker requires no large stroke. A thin, light, and low-
cost designed speaker suffices. With a small audio output
power, heat generation is reduced, thereby permitting a
power supply of compact design to be used. Battery op-
erationis also possible. The apparatus can be embedded
in the chair.
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[0105] The audio reproducing system of the first em-
bodiment of the presentinvention generally saves energy
without lowering satisfaction level of the listener 4 while
reducing the noise leaking out to the ambient environ-
ment.

[0106] A typical soundproof window attenuates sound
by about 45 dB at 5 kHz, 36 dB at 1 kHz, and down to
20 dB at 100 Hz. Below 100 Hz, the degree of attenuation
of sound is lowered. The effectiveness of the sound iso-
lation of the subwoofers is much more pronounced than
the effectiveness of the soundproof window. This is even
more so when considering costs involved in the deafen-
ing of the room if a user does so to enjoy audio-visual
content.

[0107] In accordance with the first embodiment of the
present invention, the audio signal Au2 is supplied to the
speakers 11FL and 11FR in the television receiver 1 via
the audio signal output device 3 when the DVD player 2
is used. As when a digital broadcast program is received,
the audio signal Au2 from the DVD player 2 may be sup-
plied to the television receiver 1 so that the sounds con-
taining the 5.1 channel sound are output from the speak-
ers 11FL and 11FR. In such an operation, an audio signal
line extending from the audio signal output device 3 to
the speakers 11FL and 11FR becomes unnecessary.
[0108] The audio signal output device 3 may be in-
stalled in a predetermined position below the seat surface
of the chair 20. In such an installation, the audio signal
output device 3 can receive the audio signal Au2 from
one of the television receiver 1 and the DVD player 2, as
a source of the multi-channel audio signal, via a signal
cable. The signal cable is extended between the chair
20 and one ofthe television receiver 1 and the DVD player
2. The signal cable between the chair 20 and one of the
television receiver 1 and the DVD player 2 may be elim-
inated by arranging means in the DVD player 2 for cord-
lessly transmitting the multi-channel audio signal by
means of radiowave or light and a receiver in the audio
signal output device 3 cordlessly receiving the multi-
channel audio signal by means of radiowave or light.
[0109] When the multi-channel audio signal is output
from the multi-channel audio source such as the DVD
player 2 in the form of radiowave or light, the link between
the DVD player 2 and the audio reproducing system be-
comes cordless, and the chair 20 is freely movable.

Second Embodiment

[0110] In accordance with the first embodiment of the
present invention, the front left and right channel speak-
ers are the speakers 11FL and 11FR in the television
receiver 1. In contrast, an audio reproducing system in
accordance with a second embodiment of the present
invention, the front left and right channel speakers are
two separate speakers 51FL and 51FR.

[0111] As shown in Fig. 9, the speaker 51FL includes
a speaker box 52FL and a speaker unit 53FL housed in
the speaker box 52FL. The speaker unit 53FL is secured
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to a front panel of the speaker box 52FL serving as a
baffle board thereof. The speaker 51FR includes a
speaker box 52FR and a speaker unit 53FR housed in
the speaker box 52FR. The speaker unit 53FR is secured
to a front panel of the speaker box 52FR serving as a
baffle board thereof.

[0112] In accordance with the second embodiment,
the video signal Vi from the DVD player 2 is supplied to
a display monitor 15 separated from the speakers rather
than to the television receiver 1, and displayed on a dis-
play screen 15D of the display monitor 15.

[0113] The two speakers 51FL and 51FR may be in-
stalled at any location. In accordance with the second
embodiment, the speakers 51FL and 51FR are mounted
on the chair 20 as shown in Fig. 10.

[0114] In accordance with the second embodiment,
the front left channel speaker 51FL is mounted on an end
of an arm 24L detachably mounted on a left arm rest 23L
of the chair 20. The left arm rest 23L includes a mounting
block (not shown) that permits the arm 24L to be detach-
ably supported. The arm 24L supporting at the end there-
of the speaker 51FL is mounted to the mounting block,
and thus secured to the chair 20. The speaker 51FL is
positioned to be clear of the vision of the listener 4 watch-
ing the video on the display screen.

[0115] The front right channel speaker 51FR (not
shown) is similarly mounted to an end of an arm. The
arm is connected to a mounting block of a right arm rest
of the chair 20.

[0116] In accordance with the second embodiment,
the audio signal output device 3 of Fig. 3 needs no input
selection switch 301. The mute control function to the
amplifiers 305 and 306 is also unnecessary. The audio
signals output to the audio output terminals 307 and 308
arerespectively supplied to the front left and right channel
speakers 51FL and 51FR.

[0117] The rest of the second embodiment remains
unchanged from the first embodiment.

[0118] In accordance with the second embodiment,
the front left and right channel speakers 51FL and 51FR
are arranged relatively close to the listener 4, and a vol-
ume level of the sounds from the speakers 51FL and
51FR lowered than in the speakers 11FL and 11FR in
the first embodiment works. The audio reproducing sys-
tem of the second embodiment thus serves more the
sound isolation purposes.

Third Embodiment

[0119] Inaccordance with the first and second embod-
iments, the audio reproducing system virtual sound im-
ages the rear left and right channel audio signals, per-
mitting the number of speakers in use to be reduced, and
the sound isolation to be achieved. Evenifthe rear speak-
ers are placed relatively close to the listener 4, the sur-
round effect and low-noise feature are not degraded.

[0120] In accordance with a third embodiment of the
present invention, real rear speakers are arranged close
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to the listener 4. The audio signal to be supplied to the
front left and right channel speakers are virtual sound
imaged and then supplied to two speakers 11SW1 and
11SW2 arranged close to the ears of the listener 4. The
two front left and right channel speakers are thus elimi-
nated.

[0121] Fig. 11 illustrates the audio reproducing system
of the third embodiment of the present invention. As in
the second embodiment as shown in Fig. 11, the video
signal Vi from the DVD player 2 is supplied to the display
monitor 15 to show the corresponding video on the dis-
play screen 15D.

[0122] Not only the speakers 11SW1 and 11SW2 as
the subwoofers but also two rear left and right channel
speakers 61RL and 61RR are arranged close to the ears
of the listener 4. As shown in Fig. 11, the speaker 61RL
includes a small speaker box 62RL and arear left speaker
unit 63RL housed in the speaker box 62RL. The speaker
unit 63RL is secured to a front panel of the speaker box
62RL serving as a baffle board thereof. The speaker
61RR includes a small speaker box 62RR and a rear
right speaker unit 63RR housed in the speaker box 62RR.
The speaker unit 63RR is secured to a front panel of the
speaker box 62RR serving as a baffle board thereof.
[0123] Only the audio signal Au2 is supplied to the au-
dio signal output device 3 from the DVD player 2. The
audio signal output device 3 produces the low-frequency
audio signal LFE to be supplied to the subwoofers 11SW1
and 11SW2 (also to the auxiliary subwoofers 11SW3 and
11SW4 depending on the set-up) and the rear left and
right channel audio signals RL and RR to be supplied to
the rear left and right channel speakers 61RL and 61RR,
respectively. The audio signal output device 3 also virtual
sound images the front left and right channel audio sig-
nals L and R into the audio signals FL* and FR*, and
supplies the audio signals FL* and FR* to the subwoofers
11SW1 and 11SW2, respectively. The center channel
audio signal C is synthesized into each of the front left
and right channel audio signals L and R to be virtual
sound imaged.

[0124] Fig. 12 illustrates a speaker placement config-
uration of the third embodiment of the present invention.
In accordance with the third embodiment, as represented
by solid outlines, the real speakers include the two sub-
woofers 11SW1 and 11SW2 arranged close to the ears
of the listener 4 and the two rear left and right speakers
61RL and 61RR. As previously discussed, not only the
speakers 11SW1 and 11SW2 but also the rear left and
right channel speakers 61RL and 61RR are spaced from
the listener 4 by a distance dsw= about 20 cm.

[0125] The center channel speaker 11C and the front
left and right channel speaker 11FL and 11FR, repre-
sented by broken outlines, are not employed as shown
in Fig. 12. The audio signal to be supplied to the speakers
is virtual sound imaged, and then supplied to the speak-
ers 11SW1 and 11SW2. These speakers reproduce the
sound so that the listener 4 feels as if the speakers are
present as represented by the broken lines.
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[0126] The center channel audio signal is added to the
front left and right channel audio signals, and the front
left and right channel audio signals having the center
channel audio signal combined therewith are virtual
sound imaged. The listener 4 feels as if he hears the
center channel audio from the position of the center chan-
nel speaker 11C represented by the broken outline.
[0127] As the first and second embodiments of the
present invention, the third embodiment may be applied
to the structure of a massage chair. Such an application
is described below.

[0128] Fig. 13 illustrates the audio reproducing system
of the third embodiment mounted on the chair 20. The
rear left and right channel speakers 61RL and 61RR in
addition to the subwoofers 11SW1 and 11SW2 are
mounted on the chair 20. Elements identical to those of
the first embodiment are designated with the same ref-
erence numerals and the discussion thereof is omitted
herein.

[0129] Asshownin Fig. 13 and Figs. 14A and 14B, the
rear left and right channel speakers 61RL and 61RR are
mounted to the speaker holder 22 together with the sub-
woofers 11SW1 and 11SW2. More specifically, the rear
left and right channel speakers 61RL and 61RR are sup-
ported within space defined by a flattened ring configu-
ration of the speaker holder 22 behind the head of the
listener 4, at respective angles from the fore-aft line of
the listener 4 in plan view.

[0130] As in the first embodiment, the auxiliary sub-
woofers 11SW3 and 11SW4 are also mounted.

[0131] When the listener 4 sits on the chair 20, the
distance between the head (or the ears) of the listener 4
and the corresponding subwoofers 11SW1-11SW4 and
speakers 11RL and 11RR about 20 centimeters.
[0132] Fig. 15 is a block diagram of the audio signal
output device 3 in accordance with the third embodiment
ofthe presentinvention. As the audio signal output device
3 of the first embodiment, the audio signal output device
3 of the third embodiment includes the audio signal proc-
essor 300 and the controller 100.

[0133] The controller 100 of the third embodiment is
different from the controller 100 of the first embodiment
in that a head-related front transfer function storage 112
is used instead of the head-related rear transfer function
storage 111. The rest of the controller 100 remains un-
changed from the controller 100 of the first embodiment.
[0134] The input selection switch 301 of the first em-
bodiment is eliminated from the audio signal processor
300 of the third embodiment. As in the first embodiment,
the audio signal processor 300 of the third embodiment
includes the 5.1 channel decoder 302 and a front transfer
function convolution circuit 320 instead of the rear trans-
fer function convolution circuit 310 of the first embodi-
ment.

[0135] Upon receiving the audio signal Au2 from the
DVD player 2, the 5.1 channel decoder 302 decodes the
audio signal Au2, thereby outputting the front left and
right channel audio signals L and R, the center channel
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audio signal C, the rear left and right channel audio sig-
nals RL and RR, and the low-frequency audio signal LFE.
[0136] The front left channel audio signal L and the
center channel audio signal C, from the 5.1 channel de-
coder 302, are synthesized into a synthesized output sig-
nal (L+C) by a synthesizer 303. The synthesized output
signal is then supplied to the front transfer function con-
volution circuit 320 as a virtual sound source processor.
The front right channel audio signal R and the center
channel audio signal C, from the 5.1 channel decoder
302, are synthesized into a synthesized output signal
(R+C) by a synthesizer 304. The synthesized output sig-
nal is then supplied to the front transfer function convo-
lution circuit 320.

[0137] The front transfer function convolution circuit
320 is identical in structure to the rear transfer function
convolution circuit 310. Using a digital filter, the front
transfer function convolution circuit 320 convolutes the
audio signals from the synthesizer 303 and the synthe-
sizer 304 with a head-related transfer function pre-stored
on a head-related front transfer function storage 112.
[0138] The front transfer function convolution circuit
320 converts the input audio signal into a digital signal if
the input audio signal is not a digital signal, convolutes
the digital signal with the head-related front transfer func-
tion, and converts back the convoluted signal into an an-
alog signal. The head-related front transfer function is
measured as described below and then stored on the
head-related front transfer function storage 112. Fig. 16
illustrates how the head-related front transfer function is
measured.

[0139] As shown in Fig. 16, a left channel measuring
microphone 41 and a right channel measuring micro-
phone 42 are arranged close to the left and right ears of
thelistener 4, respectively. The front left channel speaker
11FL is arranged at a location in front of the listener 4
where the front left channel speaker 11FL is expected to
be typically installed. For example, a sound emitted by
the front left channel speaker 11FL in response to an
impulse is then picked up by the left channel measuring
microphone 41 and the right channel measuring micro-
phone 42. The transfer functions (the head-related front
transfer functions of the front left channel) from the front
left channel speaker 11FL to the left and right ears of the
listener 4 are measured from the picked up sounds.
[0140] Similarly, a sound emitted by the front right
channel speaker 11FR in response to an impulse is
picked up by the microphones 41 and 42. The transfer
functions (the head-related front transfer functions of the
front right channel) from the front right channel speaker
11FR to the left and right ears of the listener 4 are meas-
ured from the picked up sounds.

[0141] The front speaker FL is positioned about 2 me-
ters apart ahead of the listener 4 in a line angled by about
30 degrees counterclockwise from the fore-aft line of the
listener 4 in a plan view and the front speaker FR is po-
sitioned about 2 meters apart ahead of the listener 4 in
a line angled by about 30 degrees clockwise from the
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fore-aft line of the listener 4 in a plan view. With this set-
up, the transfer functions from each speaker to each ear
is measured.

[0142] The transfer function is further discussed. A
transfer function from front left to the left ear is referred
to as a transfer function A as shown in Fig. 16. A transfer
function measured from the speaker 11SW1 in the vicin-
ity of the ear to the microphone 41 is referred to as a
transfer function B. A transfer function X is determined
on the premise that the transfer function B multiplied by
the transfer function X results in the transfer function A.
If the signal supplied to the close speaker 11SW1 is con-
voluted with the determined transfer function X, the
sound emitted from the speaker 11SW1 is felt as if the
sound comes from 2 meters left ahead of the listener 4.
[0143] The determination of the transfer function X is
not necessarily required. Only the transfer function A may
be occasionally sufficient. In the above discussion, a sin-
gle transfer function has been discussed. In practice, a
plurality of transfer functions is used in Fig. 16.

[0144] The head-related front transfer function is
stored on the head-related front transfer function storage
112. The front transfer function convolution circuit 320
convolutes the audio signals with the head-related front
transfer function supplied via an input-output port 109.
The front transfer function convolution circuit 320 outputs
the virtual sound imaged, front left channel audio signal
FL* with the center channel audio signal C synthesized
therewith, and the virtual sound imaged, front right chan-
nel audio signal FR* with the center channel audio signal
C synthesized therewith.

[0145] The front transfer function convolution circuit
320 supplies the audio signals (FL*+C) and (FR*+C) to
the speakers 11SW1 and 11SW2 arranged close to the
ears of the listener 4. The listener 4 feels as if the sounds
output from the speakers 11SW1 and 11SW2 are emitted
from the front left and right channel speaker 11FL and
11FR and as if the center channel sound is emitted from
the center speaker.

[0146] The level of the audio signals (FL*+C) and
(FR*+C) may be lower than the level of those supplied
to the rear left and right channel speakers 11RL and
11RR because the speakers 11SW1 and 11SW2 are ar-
ranged close to the ears of the listener 4.

[0147] In this way, the front transfer function convolu-
tion circuit 320 supplies the virtual sound imaged, audio
signals (FL*+C) and (FR*+C) to the synthesizers 321 and
322, respectively. The synthesizers 321 and 322 are sup-
plied with the low-frequency audio signal LFE from the
5.1 channel decoder 302. The output audio signals from
the synthesizers 321 and 322 are output to audio output
terminals 315 and 316 via amplifiers 323 and 324, re-
spectively.

[0148] The audio output terminals are connected to
the subwoofers 11SW1 and 11SW2 arranged close to
the ears of the listener 4. As the subwoofers, the speakers
11SW1 and 11SW2 reproduces the low-frequency audio
signal LFE while also reproducing the virtual sound im-
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aged, audio signals (FL*+C) and (FR*+C).

[0149] The audio signal system to be supplied to the
auxiliary subwoofers 11SW3 and 11SW4 is not shown
in Fig. 15. As previously discussed, only the low-frequen-
cy audio signal LFE may be supplied to the auxiliary sub-
woofers 11SW3 and 11SW4. Optionally, the virtual
sound imaged, audio signals (FL*+C) and (FR*+C) may
be supplied to the auxiliary subwoofers 11SW3 and
11SW4 in addition to the low-frequency audio signal LFE.
[0150] In accordance with the third embodiment, the
rear left and right channel audio signals RL and RR from
the 5.1 channel decoder 302 are output to audio output
terminals 327 and 328 via amplifiers 325 and 326, re-
spectively. The rear left and right channel audio signals
RL and RR are thus output in sound by the rear left and
right channel speakers 61RL and 61RR connected to the
audio signal terminals 327 and 328, respectively.
[0151] Since the rear left and right channel speakers
61RL and 61RR are arranged close to the ears of the
listener 4 in accordance with the third embodiment, the
rear left and right channel audio signals RL and RR sup-
plied thereto at a low level works.

[0152] As in the first and second embodiments, the
listener 4 can enjoy a high-volume level and presence-
rich multi-channel sound with the speakers of the number
smaller than the number of channels while substantially
reducing the leakage of sound to the ambient environ-
mentin accordance with the third embodiment. The audio
reproducing system also achieves energy saving.
[0153] In accordance with the third embodiment, the
audio reproducing system employs no front speakers,
and the audio signals are virtual sound imaged and then
supplied to the speakers 11SW1 and 11SW2 arranged
close to the ears of the listener 4. Sound leakage to the
ambient environment is even more reduced.

Fourth Embodiment

[0154] Inaccordance with afourthembodiment, sound
isolation and energy saving performance is maximized
by allowing all 5.1 channel surround sounds to be output
from the two speakers 11SW1 and 11SW2 arranged
close to the ears of the listener 4.

[0155] Fig. 17 illustrates an audio reproducing system
in accordance with the fourth embodiment of the present
invention. As shown in Fig. 17, the video signal Vi from
the DVD player 2 is supplied to the display monitor 15 to
display a video on the display screen 15D as in the sec-
ond and third embodiments.

[0156] The subwoofers 11SW1 and 11SW2 only are
arranged close to the listener 4.

[0157] The audio signal output device 3 receives only
the audio signal Au2 from the DVD player 2. In response
to the audio signal Au2, the audio signal output device 3
produces the low-frequency audio signal LFE to be sup-
plied to the subwoofers 11SW1 and 11SW2 (also to the
auxiliary subwoofers 11SW3 and 11SW4 depending on
the set-up), the front left and right channel audio signals
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FL and FR, and the rear left and right channel audio sig-
nals RL and RR. The audio signal output device 3 also
virtual sound images each of the produced signals and
then the virtual sound imaged signals to the subwoofers
11SW1 and 11SW2. The center channel audio signal C
is synthesized with each of the front left and right channel
audio signals L and R to be virtual sound imaged.
[0158] Fig. 18 illustrates a speaker placement config-
uration of the fourth embodiment. In accordance with the
fourth embodiment, speakers in use are only the two
speakers 11SW1 and 11SW?2 arranged close to the ears
of the listener 4 as represented by solid outlines.
[0159] The center channel speaker 11C, the front left
and right channel speakers 11FL and 11FR, and the rear
left and right channel speakers 11RL and 11RR, repre-
sented by broken outlines, are not employed. The audio
signals to be supplied to these speakers are virtual sound
imaged, and then actually supplied to the speakers
11SW1 and 11SW2. The listener 4 feels as if the sounds
are emitted by the speakers at the positions represented
by the broken outlines.

[0160] The center channel audio signal is added to the
front left and right channel audio signals. The front left
and right channel audio signals with the center channel
audio signal synthesized therewith are virtual sound im-
aged. As represented by broken line in Fig. 18, the lis-
tener 4 virtually hears the center channel audio signal as
if the corresponding sound is emitted from the position
of the center channel speaker 11C.

[0161] In accordance with the fourth embodiment, the
speakers 11SW1 and 11SW2 (also the auxiliary sub-
woofers 11SW3 and 11SW4 depending on the set-up)
may be mounted on the chair 20 as previously shown in
Fig. 5 and Figs. 6A and 6B.

[0162] Fig. 19 is a block diagram of an audio signal
output device 3 in accordance with the fourth embodi-
ment of the present invention. As the audio signal output
device 3 of the preceding embodiments, the audio signal
output device 3 of the fourth embodiment also includes
the audio signal processor 300 and the controller 100
composed of a microcomputer. The controller 100 of the
fourth embodiment is different from the controller 100 of
the firstembodiment in that the a head-related front trans-
fer function storage 112 is additionally included in addi-
tion to the head-related rear transfer function storage 111
and that an input-output port 109 is also additionally in-
cluded. The rest of the controller 100 remains almost
unchanged from the controller 100 of the first embodi-
ment.

[0163] The input selection switch 301 of the first em-
bodiment is not included in the audio signal processor
300 of the fourth embodiment. The audio signal proces-
sor 300 of the fourth embodiment includes, among other
elements, the 5.1 channel decoder 302, the rear transfer
function convolution circuit 310 of the first embodiment
and the front transfer function convolution circuit 320 of
the third embodiment.

[0164] Upon receiving the audio signal Au2 from the
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DVD player 2, the 5.1 channel decoder 302 decodes the
audio signal Au2, thereby producing the front left and
right channel audio signals L and R, the center channel
audio signal C, the rear left and right channel audio sig-
nals RL and RR, and the low-frequency audio signal LFE.
[0165] As in the third embodiment, the front left chan-
nel audio signal L and the center channel audio signal
C, from the 5.1 channel decoder 302, are synthesized
by the synthesizer 303, and the synthesized output audio
signal (L+C) is supplied to the front transfer function con-
volution circuit 320. The front right channel audio signal
R and the center channel audio signal C, from the 5.1
channel decoder 302, are synthesized by the synthesizer
304 and the synthesized output audio signal (R+C) is
supplied to the front transfer function convolution circuit
320.

[0166] Asinthefirstembodiment, the rear left and right
channel audio signals RL and RR from the 5.1 channel
decoder 302 are supplied to the rear transfer function
convolution circuit 310 functioning as a virtual sound
source processor.

[0167] The head-related rear transfer function storage
111 stores the head-related rear transfer function as dis-
cussed in connection with the first embodiment with ref-
erence to Fig. 8. The head-related rear transfer function
stored on the head-related rear transfer function storage
111 isread and supplied to the rear transfer function con-
volution circuit 310 via the input-output interface 108. The
rear transfer function convolution circuit 310 convolutes
therear leftandright channel signals from the 5.1 channel
decoder 302 with the head-related rear transfer function.
[0168] The head-related front transfer function storage
112 stores the head-related front transfer function dis-
cussed in connection with the third embodiment with ref-
erence to Fig. 16. The head-related front transfer function
stored on the head-related front transfer function storage
112 is read and supplied to the front transfer function
convolution circuit 320 via the input-output port 109. The
front transfer function convolution circuit 320 convolutes
the front left and right channel signals, each signal with
the center channel audio signal C synthesized therewith,
from the synthesizers 303 and 304, with the head-related
front transfer function.

[0169] The virtual sound imaged, front left channel au-
dio signal with the center channel audio signal C synthe-
sized therewith from the front transfer function convolu-
tion circuit 320 is synthesized with the low-frequency au-
dio signal LFE from the 5.1 channel decoder 302 by a
synthesizer 321. The synthesized signal is then supplied
to a synthesizer 331. The synthesizer 331 synthesizes
the synthesized signal with the virtual sound imaged, rear
left channel audio signal from the rear transfer function
convolution circuit 310. The resulting synthesized signal
from the synthesizer 331 is supplied to the speaker
11SW1 via an amplifier 333 and an audio output terminal
335.

[0170] Similarly, the virtual sound imaged, front right
channel audio signal with the center channel audio signal
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C synthesized therewith from the front transfer function
convolution circuit 320 is synthesized with the low-fre-
quency audio signal LFE from the 5.1 channel decoder
302 by a synthesizer 322. The synthesized signal is then
supplied to a synthesizer 332. The synthesizer 332 syn-
thesizes the synthesized signal with the virtual sound im-
aged, rear front channel audio signal from the rear trans-
fer function convolution circuit 310. The resulting synthe-
sized signal from the synthesizer 332 is supplied to the
speaker 11SW2 via an amplifier 334 and an audio output
terminal 336.

[0171] The subwoofers 11SW1and 11SW2 reproduce
the low-frequency audio signal LFE while at the same
time the virtual sound imaged, front audio signal (FL*+C)
and (FR*+C) and the virtual sound imaged, rear audio
signals RL* and RR*.

[0172] The audio signal system to be supplied to the
auxiliary subwoofers 11SW3 and 11SW4 is not shown
in Fig. 19. As previously discussed, only the low-frequen-
cy audio signal LFE may be supplied to the auxiliary sub-
woofers 11SW3 and 11SW4. Furthermore, the virtual
sound imaged, audio signals (FL*+C) and (FR*+C) or
virtual sound imaged, rear audio signals RL* and RR*
may be supplied to the auxiliary subwoofers 11SW3 and
11SW4 in addition to the low-frequency audio signal LFE.
[0173] In accordance with the fourth embodiment, the
listener 4 can enjoy a high-volume level and presence-
rich multi-channel sound with only the speakers 11SW1
and 11SW2 arranged close to the ears of the listener 4
while substantially reducing the leakage of sound to the
ambient environment. The audio reproducing system al-
so achieves energy saving.

Other Embodiments

[0174] In accordance with the preceding embodi-
ments, the speakers are mounted on the chair so that
the speakers come close to the ears of the listener 4
when the listener 4 sits on the chair. The mechanism of
arranging the speakers close to the ears of the listener
4 is not limited to the chair.

[0175] In accordance with the preceding embodi-
ments, the speaker holder fixed to the chair supports the
speaker units of the subwoofers 11SW1 and 11SW2
without being contained in the speaker boxes and without
being secured to the baffle board. The speaker holder is
not necessarily fixed to the chair.

[0176] Figs. 20 and 21 show two speaker holders,
made of aluminum pipe as in the preceding embodi-
ments, supporting the speakers 11SW1and 11SW2. The
speaker holder connects the speakers 11SW1 and
11SW2 detachably to the chair.

[0177] As shown in Fig. 20, the speakers 11SW1 and
11SW2 are respectively fixed to on both sides of a T-
shaped arm portion 72a of a speaker holder 72. The
speakers 11SW1 and 11SW2 are mounted on the speak-
er holder 72 with a predetermined distance maintained
therebetween in a manner such that diaphragm faces
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thereof face each other.

[0178] In this case as well, the distance between the
diaphragm face of the first speaker 11SW1 and the dia-
phragm face of the second speaker 11SW2 is set so that
the ears of the listener 4 are spaced from the correspond-
ing speakers 11SW1 and 11SW2 by the distance dsw
discussed with reference to Fig. 2 when the head of the
listener 4 comes between the speakers 11SW1 and
11SW2.

[0179] A center arm 72b of the speaker holder 72 is
inserted into a speaker holder socket 71a arranged in a
chair 71. The center arm 72b thus fixes the speaker hold-
er 72 to the chair 71.

[0180] The speaker holder socket 71a of the chair 71
is arranged in the center portion of the back of the chair
71 so that the center arm 72b is approximately aligned
with the center line of the listener 4 when the listener 4
sits on the chair 71.

[0181] When the listener 4 enjoys music with the
speakers 11SW1 and 11SW2 as shown in Fig. 20, the
listener 4 inserts the center arm 72b of the speaker holder
72 into the speaker holder socket 71a so that the speak-
ers 11SW1 and 11SW2 are mounted on the chair 71.
[0182] When the listener 4 sits on the chair 71 as
shown in Fig. 20, the speakers 11SW1 and 11SW2 are
arranged close to the ears of the listener 4 with the pre-
determined distance dsw maintained therebetween. A
low-frequency sound, even at a low sound level, is re-
produced at a sufficient volume with less noise leaked to
the ambient environment.

[0183] As shown in Fig. 21, the speakers 11SW1 and
11SW?2 are fixed to a speaker holder 731 and a speaker
holder 732, respectively. A speaker holder socket 71b is
arranged on one side of the back of the chair 71 that
comes close to one shoulder side of the listener 4 when
the listener 4 sits on the chair 71. The speaker holder
socket 71b receives the speaker holder 731. A speaker
holder socket 71c is arranged on the other side of the
back ofthe chair 71 that comes close to the other shoulder
side of the listener 4 when the listener 4 sits on the chair
71. The speaker holder socket 71c receives the speaker
holder 732.

[0184] When the listener 4 listens to music with the
speakers 11SW1 and 11SW2 as shown in Fig. 21, the
listener 4 inserts the speaker holder 731 into the speaker
holder socket 71b of the chair 71 and inserts the speaker
holder 732 into the speaker holder socket 71c of the chair
71. The speakers 11SW1 and 11SW2 are thus mounted
on the chair 71.

[0185] The speaker holders 731 and 732 are mounted
onthe chair 71 as shownin Fig. 21. The distance between
the diaphragm surface of the speaker 11SW1 and the
diaphragm surface of the speaker 11SW2 is set up so
that the distance between the ears of the listener 4 and
the corresponding speakers 11SW1 and 11SW2 is the
distance dsw as discussed with reference to Fig. 2 when
the head of the listener 4 comes between the speakers
11SW1 and 11SW2.
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[0186] When the listener 4 sits on the chair 71 as
shown in Fig. 21, the speakers 11SW1 and 11SW2 are
arranged close to the ears of the listener 4 with the pre-
determined distance dsw maintained therebetween. A
low-frequency sound, even at a low sound level, is re-
produced at a sufficient volume with less noise leaked to
the ambient environment.

[0187] With reference to Figs. 20 and 21, the speaker
holder 72 or the speaker holders 731 and 732 can be
removed from the chair 71 during standard use, and the
speakers 11SW1 and 11SW2 are not in the way of the
user of the chair 71 and easy to operate.

[0188] The application of the speakers 11SW1 and
11SW2 is not limited to the chair described above.
[0189] Fig. 22 illustrates the speakers 11SW1 and
11SW?2 supported by a speaker holder 74. As shown,
the speaker holder 74, supporting the speakers 11SW1
and 11SW2 facing with each other with the same distance
maintained as the one shown in Figs. 20 and 21, is sus-
pended by a suspension member 75 from a ceiling.
[0190] As shown in Fig. 22, the length of the suspen-
sion member 75 from the ceiling is adjustable (although
such a mechanism is not shown). By adjusting the length
of the suspension member 75, the speakers 11SW1 and
11SW2 are arranged close to the ears of the listener 4
with the predetermined distance dsw permitted therebe-
tween when the listener 4 sits on the chair 71.

[0191] Fig. 23 illustrates the speakers 11SW1 and
11SW2 supported by a stand-alone type speaker holder
76. The speaker holder 76 supports the speakers 11SW1
and 11SW2 facing with each other with the predeter-
mined distance maintained therebetween as shown in
Fig. Figs. 20 and 21.

[0192] Fig. 24 illustrates the speakers 11SW1 and
11SW2 supported by stand-alone type speaker holders
771 and 772, respectively, in a manner similar to the
mechanism of Fig. 23. As shown in Fig. 24, the speakers
11SW1 and 11SW2 are respectively supported by stand-
alone type speaker holders 771 and 772.

[0193] With reference to Fig. 23, if the speaker holder
76 is placed correctly to the listener 4, the speakers
11SW1 and 11SW?2 are also placed correctly as shown
in Figs. 20 and 21.

[0194] With reference to Fig. 24, the speaker holders
771 and 772 are fully separate from each other. The lis-
tener 4 may place each of the stand-alone type speaker
holders 771 and 772 at any convenient location.

[0195] Fig. 25 illustrates the speakers 11SW1 and
11SW2 supported by a speaker holder 78. The speaker
holder 78 secured to a wall 79 supports the speakers
11SW1 and 11SW2 facing with each other with the pre-
determined distance maintained therebetween as shown
in Figs. 20 and 21.

[0196] As shown in Fig. 25, the distance between the
speakers 11SW1 and 11SW2 is fixed by the speaker
holder 78 in a similar manner as shown in Fig. 23, and
the listener 4 simply places his head in the center be-
tween the speakers 11SW1 and 11SW2.

10

15

20

25

30

35

40

45

50

55

15

[0197] Figs. 26A and 26B illustrate a speaker holder
83 detachably mounted onto the chair 71. As shown in
Fig. 26A, a steel plate is embedded in a back side of a
back 81 of the chair 71.

[0198] The speaker holder 83 supports the speakers
11SW1 and 11SW2 facing each other with the distance
maintained therebetween as shown in Figs. 20 and 21.
The speaker holder 83 has a magnet unit 84 bolted there-
to. The speaker holder 83 is fixed to the back 81 of the
chair 71 with the magnet unit 84 magnetically attracted
to the steel plate 82 embedded in the back 81 of the chair
71.

[0199] As shown in Fig. 26A and 26B, the listener 4
simply sits on the chair 71 with his head between the
speakers 11SW1 and 11SW2.

[0200] The placement examples of the subwoofers
11SW1 and 11SW2 with respect to the listener 4 have
been discussed. The present invention is applicable
when a plurality of persons listen to music at the same
time. Figs. 27-30 illustrate such placement examples of
the speakers 11SW1 and 11SW?2 in which a plurality of
listeners enjoy music.

[0201] Fig. 27 and Figs. 28A-28C illustrate an audio
reproducing system in which the speakers are arranged
in the vicinity of ears of two listeners 4A and 4B. The
placement example here is an application of the example
of Figs. 26A and 26B.

[0202] With reference to Fig. 27, a speaker holder 85
made of aluminum pipe supports the speakers 11SW1A
and 11SW2A for the listener 4A and speakers 11SW1B
and 11SW2B for the listener 4B.

[0203] A steel plate (not shown) is embedded in the
back of a sofa 87 as shown in Fig. 28A in the same man-
ner as shown in Fig. 26A. A magnet unit 86 (see Fig. 27)
is bolted to the speaker holder 85. The speaker holder
85 is thus fixed to the sofa 87 with the magnet unit 86
magnetically attracted to the steel plate embedded in the
back of the sofa 87.

[0204] The positional relationship of the speakers
11SW1A and 11SW2A with the listener 4A and the po-
sitional relationship of the speakers 11SW1B and
11SW2B remain unchanged from those previously dis-
cussed. The speaker 11SW2A and the speaker 11SW2B
do not face the speaker 11SW1A and the speaker
11SW1B, respectively, as shown in Fig. 28B, and emit
sounds from behind the listener 4A and the listener 4B.
The speaker 11SW2A and the speaker 11SW2B emit
sounds from the diaphragms thereof in a direction per-
pendicular to a direction in which the speaker 11SW1A
and the speaker 11SW1B emits sounds from the dia-
phragms thereof.

[0205] A sound from the diaphragm of each of the
speakers 11SW1A and 11SW2A travels in a direction
perpendicular to a direction in which a sound from the
diaphragm of each of the speakers 11SW1B and
11SW2B travels.

[0206] If an imaginary line extends from the center of
each diaphragm of the speakers 11SW2A and 11SW2B



29 EP 1 816 890 A1 30

in a direction perpendicular to the diaphragm, the imag-
inary line passes by the ear of each listener with the dis-
tance dsw.

[0207] When the listeners 4A and 4B sit on the sofa
87 as shown in Fig. 28A, the speakers 11SW1A and
11SW2A provides the reproduced sound thereof to the
listener 4A and the speakers 11SW1B and 11SW2B pro-
vides the reproduced sound thereof to the listener 4B.
[0208] AsshowninFig.28B, the audio signals are sup-
plied to the speakers 11SW1A and 11SW2A so that the
speakers 11SW1A and 11SW2A emit sound wave in
phase from the diaphragms thereof (the front of the
speaker units) to the ears of the listener 4A. Similarly,
the audio signals are supplied to the speakers 11SW1B
and 11SW2B so that the speakers 11SW1B and
11SW2B emit sound wave in phase from the diaphragms
thereof (the front of the speaker units) to the ears of the
listener 4B. In Figs. 28B and 28C, symbols "+" and "-"
represent phases of a sound wave, and "+" and "-" are
opposite in phase to each other.

[0209] As shown in Fig. 28B, the two speakers for the
listener 4A and the two speakers for the listener 4B pro-
vide the sound waves in phase. If the listener 4A and the
listener 4B are relatively spaced from each other, the two
speakers for the listener 4A and the two speakers for the
listener 4B provide the sound waves in opposite phase
as shown in Fig. 28C.

[0210] AsshowninFig. 29, the speakers 11SW1A and
11SW2A for the listener 4A are arranged with the dia-
phragms thereof facing each other and the head of the
listener 4A comes between the speakers 11SW1A and
11SW2A. Similarly, the speakers 11SW1B and 11SW2B
for the listener 4B are arranged with the diaphragms
thereof facing each other and the head of the listener 4B
comes between the speakers 11SW1B and 11SW2B.
[0211] Inthe placement example of Fig. 29, the speak-
er 11SW2A for the listener 4A and the speaker 11SW2B
are preferably arranged so that the sound waves emitted
from the backs of the diaphragms thereof mutually cancel
each other. The audio signals are supplied to the speak-
ers so that the sound waves from the speakers 11SW1A
and 11SW2A for the listener 4A are opposite in phase
from the sound waves from the speakers 11SW1B and
11SW2B for the listener 4B.

[0212] The audio reproducing systems providing mu-
sic to a plurality of listeners shown in Figs. 28A-28C and
Fig. 29 employ the magnet units to fix the speaker holders
to the sofa. A variety of other mechanisms is available,
including the suspension mechanism from the ceiling
showninFig. 22, the stand-alone speaker holders of Figs.
23 and 24, and a mechanism in which a speaker holder
is fixed to a wall.

[0213] With reference to Figs. 20-29, the speakers to
be mounted are subwoofers. Each speaker holder may
support rear speaker or the like as necessary.
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Modifications of Other Embodiments

[0214] Since the speakers 11SW1 and 11SW2 ar-
ranged close to the ears of the listener 4 face the ears
of the listener 4 in accordance with the preceding em-
bodiments, the low-frequency sound reaches the listener
4 at a high efficiency. The placement position of the
speaker is not limited to this location. For example, as
shown in Fig. 30, the speaker placement position may
be at any point in a sphere (having a distance of dsw +
the radius of the head of the listener 4) centered on the
center of the head of the listener 4. However, the speaker
is placed preferably within space behind the plane of the
face ofthe listener 4. The placement of the speaker within
space ahead of the plane of the of the listener 4 is not
preferable as shown in Fig. 30.

[0215] In the preceding embodiments, the speakers
11SW1 and 11SW2 arranged close to the ears of the
listener 4 are always subwoofers. The speakers 11SW1
and 11SW2 are not necessarily subwoofers, and the sub-
woofers may be separately arranged.

[0216] The mechanism of installing the speaker units
of the speakers 11SW1 and 11SW?2 to allow sounds to
be emitted from the front and back of each diaphragm in
a sound additive manner is not limited to the pipe mount-
ing structure discussed above. For example, a speaker
unit for the low-frequency sound may be fixed onto a
plate having anumber of large-size holes opened therein,
and sounds emitted from the front and back of each di-
aphragm through the holes may be added together.
[0217] The audio reproducing system reproduces the
5.1 channel audio signal. The present invention is appli-
cable to an audio reproducing system that reproduces
not only the 5.1 channel audio signal but also a plurality
of other channel audio signals.

[0218] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.

Claims
1. An audio reproducing system comprising:

a pair of speaker units;

mounting means for mounting the pair of speak-
er units, without being attached to a baffle board,
to the vicinity of a listener’s ears in a manner
such that sounds emitted from the front and back
of a diaphragm of each speaker unit are mixed;
and

audio signal output means for virtual sound im-
aging an input audio signal and outputting the
virtual sound imaged signal to the pair of speak-
er units in a manner such that the listener listens
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to a sound reproduced by the pair of speaker
units feeling as if the sound is emitted from a
different speaker device.

The audio reproducing system according to claim 1,
wherein the input audio signal contains a rear-chan-
nel audio signal of a multi-channel surround sound,
and

wherein the audio signal output means virtual sound
images the rear-channel audio signal and outputs
the virtual sound imaged signal to the pair of speaker
units in a manner such that the listener listens to a
sound reproduced by the pair of speaker units feeling
as if the sound is emitted from a speaker device that
is placed behind the listener.

The audio reproducing system according to claim 1
or 2, wherein the input audio signal contains a front-
channel audio signal of a multi-channel surround
sound, and

wherein the audio signal output means virtual sound
images the front-channel audio signal and outputs
the virtual sound imaged signal to the pair of speaker
units in a manner such that the listener listens to a
sound reproduced by the pair of speaker units feeling
as if the sound is emitted from a speaker device that
is placed in front of the listener.

The audio reproducing system according to claim 3,
wherein the speaker unit is supplied with a low-fre-
quency audio signal of the multi-channel surround
sound.

The audio reproducing system according to claim 3,
wherein the mounting means further mounts a
speaker for a rear-channel audio signal of the multi-
channel surround sound.

The audio reproducing system according to any pre-
ceding claim, wherein the input audio signals contain
a front-channel audio signal and a rear-channel au-
dio signal of a multi-channel surround sound, and
wherein the audio signal output means virtual sound
images the front-channel audio signal and outputs
the virtual sound imaged signal to the pair of speaker
units in a manner such that the listener listens to a
sound reproduced by the pair of speaker units feeling
as if the sound is emitted from a speaker device that
is placed in front of the listener, and virtual sound
images the rear-channel audio signal and outputs
the virtual sound imaged signal to the pair of speaker
units in @ manner such that the listener listens to a
sound reproduced by the pair of speaker units feeling
as if the sound is emitted from a speaker device that
is placed behind the listener.

The audio reproducing system according to claim 2
or 6, wherein the speaker unit is supplied with a low-
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11.

12,

13.

14.

32

frequency audio signal of the multi-channel surround
sound.

The audio reproducing system according to any pre-
ceding claim, wherein the mounting means mount
the speaker unit to a chair on which the listener sits.

The audio reproducing system according to any pre-
ceding claim, wherein the pair of speaker units are
mounted facing the right and left ears of the listener,
respectively.

The audio reproducing system according to claim 9,
wherein the mounting means mounts the pair of
speaker units within space behind a plane of the face
of the listener.

A method of reproducing audio sound, comprising
steps of:

mounting a pair of speaker units, without being
attached to a baffle board, to the vicinity of a
listener’'s ears in a manner such that sounds
emitted from the front and back of a diaphragm
of each speaker unit are mixed; and

virtual sound imaging an input audio signal and
outputting the virtual sound imaged signal to the
pair of speaker units in a manner such that the
listener listens to a sound reproduced by the pair
of speaker units feeling as if the sound is emitted
from a different speaker device.

The method according to claim 11, further compris-
ing virtual sound imaging a rear-channel audio signal
and outputting the virtual sound imaged signal to the
pair of speaker units in a manner such that the lis-
tener listens to a sound reproduced by the pair of
speaker units feeling as if the sound is emitted from
a speaker device that is placed behind the listener,
wherein the input audio signal contains the rear-
channel audio signal of a multi-channel surround
sound.

The method according to claim 11 or 12, further com-
prising virtual sound imaging a front-channel audio
signal and outputting the virtual sound imaged signal
to the pair of speaker units in a manner such that the
listener listens to a sound reproduced by the pair of
speaker units feeling as if the sound is emitted from
a speaker device thatis placed in front of the listener,
wherein the input audio signal contains the front
channel audio signal of a multi-channel surround
sound.

The method according to claim 12 or 13, wherein the
speaker unit is supplied with a low-frequency audio
signal of the multi-channel surround sound.
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15. The method according to claim 12, 13 or 14, further
comprising virtual sound imaging a front-channel au-
dio signal and outputting the virtual sound imaged
signal to the pair of speaker units in a manner such
that the listener listens to a sound reproduced by the &
pair of speaker units feeling as if the sound is emitted
from a speaker device that is placed in front of the
listener, and virtual sound imaging a rear-channel
audio signal and outputting the virtual sound imaged
signal to the pair of speaker units in a manner such 70
that the listener listens to a sound reproduced by the
pair of speaker units feeling as if the sound is emitted
from a speaker device that is placed behind the lis-
tener, wherein the input audio signals contain the
front-channel audio signal and the rear-channel au- 75
dio signal of a multi-channel surround sound.

16. The method according to claim 15, wherein the
speaker unit is supplied with a low-frequency audio
signal of the multi-channel surround sound. 20

17. An audio reproducing system comprising:

a pair of speaker units;

a mounting unit mounting the pair of speaker 25
units, without being attached to a baffle board,

to the vicinity of a listener’s ears in a manner
such that sounds emitted from the frontand back

of a diaphragm of each speaker unit are mixed;

and 30
an audio signal output unit virtual sound imaging

an input audio signal and outputting the virtual
sound imaged signal to the pair of speaker units

in a manner such that the listener listens to a
sound reproduced by the pair of speaker units 35
feeling as if the sound is emitted from a different
speaker device.

40

45
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