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(54) ACOUSTIC APPARATUS

(57) The invention provides an audio apparatus
which hardly causes a directivity to be lowered even in
a case where a plurality of unidirectional microphones,
each having a directivity toward a center of a housing of
the apparatus, are embedded in a recessed part provided
on an upper surface of the housing. Microphones 10A to
10P are disposed in the vicinity of a wall surface of a
recessed part 13. Each of the microphones 10A to 10P
is disposed so that its sound-collecting direction (a direc-
tion having a high directivity) corresponds to a center
direction as viewed from an upper side of a housing 1. A
direction (a rear side) opposite to the direction having the
directivity of each of the plurality of directional micro-
phones is open acoustically. Namely, a front side of each
microphone directs toward an upper surface of the re-
cessed part 13, and its back side directs toward a direc-
tion higher than the wall surface of the tub-shaped re-
cessed part as viewed from a lateral side of the housing.
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Description

Technical Field

[0001] The present invention relates to an audio ap-
paratus used for an audio conferencing and, in particular,
to an audio apparatus provided with a plurality of micro-
phones.

Background Art

[0002] When persons discuss with each other on a
conference, a sound recorder or an audio conferencing
apparatus is mostly placed at a center of conference par-
ticipants (a center of conference desks, and the like). For
example, Patent Literature 1 proposes an audio confer-
encing apparatus which collects sound of the conference
participants existing around the apparatus. In the appa-
ratus as set forth in Patent Literature 1, a recessed part
is formed on an upper surface of a disk-shaped housing,
and a plurality of microphones are arranged on a bottom
surface of the recessed part as viewed from an upper
side of the housing. The microphones are arranged on
a circle as viewed from the upper side of the housing.
Each of the microphones has a unidirectivity and is dis-
posed so that the directivity of the microphone is directed
toward a center direction as viewed from the upper side
of the housing.

Citation List

Patent Literature

[0003]

Patent Literature 1: JP2008-60939A

Summary of Invention

Technical Problem

[0004] In the apparatus of Patent Literature 1, howev-
er, a wall surface of the recessed part of the housing
exists at a rear side of each microphone (a direction op-
posite to a direction having a directivity). A unidirectional
microphone has a sensitivity toward only its front side by
combining a sound reaching from its back side and a
sound reaching from its front side (a direction having a
directivity) by means of level adjustment and phase ad-
justment. Thus, if a housing exists at the back side, the
sound reaching from the front side reflects just at the
back side, and the sensitivity with respect to the front
side is lowered. Accordingly, directivity may be lowered.
[0005] Thus, an object of the present invention is to
provide an audio apparatus which hardly causes a direc-
tivity to be lowered even in a case where a plurality of
unidirectional microphones, each having a directivity to-
ward a center of a housing of the apparatus, are embed-

ded in a recessed part provided on an upper surface of
the housing.

Solution to Problem

[0006] An audio apparatus according to an aspect of
the invention includes: a housing including a tub-shaped
recessed part which is defined by an upper surface and
a wall surface formed on the upper surface; a plurality of
directional microphones which are arranged in a circle in
the vicinity of the wall surface inside the recessed part,
each of the microphones having a directivity directed to-
ward a center direction of the recessed part as viewed
from an upper side of the housing and toward the upper
surface, and a direction opposite to the direction having
the directivity of each of the plurality of directional micro-
phones is open acoustically Namely, a front side of each
microphone is directed toward a bottom surface of the
recessed part, and its back side is directed toward a di-
rection higher than the wall surface of the tub-shaped
recessed part as viewed from a lateral side of the hous-
ing. Note that the shape of the recessed part may be in
any form only if the side of the upper surface is open
acoustically.
[0007] In the aspect, the audio apparatus may further
include a plurality of speakers which are arranged in a
concentric circle larger in radius than the circle on which
the plurality of directional microphones are arranged, and
disposed toward a radiation direction of the concentric
circle as viewed from the upper side of the housing.
In the aspect, the audio apparatus may be configured in
that the direction opposite to the direction having the di-
rectivity of each of the plurality of directional microphones
is open acoustically by covering a part of the recessed
part with a mesh steel sheet.

Advantageous Effects of Invention

[0008] According to the invention, a directivity is hardly
lowered even in a case where a plurality of unidirectional
microphones, each having a directivity toward a center
of a housing of the apparatus, are embedded in a re-
cessed part provided on an upper surface of the housing.

Brief Description of Drawings

[0009]

Fig. 1 shows an outer appearance of a sound con-
ferencing apparatus.
Fig. 2 is a diagrammatic illustration showing an ar-
rangement of microphones and speakers of the
sound conferencing apparatus.
Fig. 3 is a block diagram showing the configuration
of the sound conferencing apparatus.
Fig. 4 is an enlarged view showing the arrangement
of the microphones.
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Description of Embodiments

[0010] A description is made of a sound conferencing
apparatus provided with microphones and speakers as
an embodiment related to an audio apparatus of the in-
vention with reference to the drawings.
[0011] Fig. 1 shows an outer appearance of the sound
conferencing apparatus. Fig. 2 is a schematic view show-
ing an arrangement of the microphones and the speakers
of the sound conferencing apparatus. Fig. 3 is a block
diagram showing the configuration of the sound confer-
encing apparatus.
[0012] (A) in Fig. 1 and (A) in Fig. 2 are plan views of
the sound conferencing apparatus, and (B) in Fig. 1 is its
front view. (C) in Fig. 1 is a rear view of the sound con-
ferencing apparatus. (B) in Fig. 2 is a cross sectional view
taken from line A-A shown by (A) in Fig. 2.
[0013] In (A) in Fig. 1 and (A) in Fig. 2, the right side
of the sheet refers to an X direction, the left side refers
to a -X direction, the top side refers to a Y direction, and
the down side refers to a -Y direction. In (B) in Fig. 1 and
(B) in Fig. 2, the right side of the sheet refers to the X
direction, the left side refers to the -X direction, the top
side refers to a Z direction, and the down side refers to
a -Z direction. In (C) in Fig. 1, the right side of the sheet
refers to the X direction, the left side refers to the -X di-
rection, the top side refers to the -Z direction, and the
down side refers to the Z direction.
[0014] The sound conferencing apparatus includes a
disk-shaped housing 1. The housing 1 includes a dish-
shaped lower housing 11 and an upper housing 12 en-
gaged with the lower housing 11 so as to cover an upper
surface of the dish-shaped lower housing 11. A recessed
part 13 which is recessed in a tub shape is formed on an
upper surface of the upper housing 12. The recessed
part 13 has a depth (a height of a wall surface) by which
microphones can be embedded. A part of the recessed
part 13 excluding the vicinity of the center as viewed from
an upper side of the housing 1 is covered with a mesh
steel sheet. In Fig. 2, indication of the mesh steel sheet
is omitted. When the mesh steel sheet is removed, a
plurality of microphones are exposed.
[0015] In (A) in Fig. 1, a display unit 14 including an
LCD and an operation unit 15 including a plurality of op-
eration buttons are arranged at a front side (-Y direction)
of the upper housing 12. An input/output interface 16 such
as an audio terminal and a USB terminal is arranged at
a rear side (Y direction) of the upper housing 12. The
display unit 14 displays various information such as a
state of the sound conferencing apparatus. The operation
unit 15 is an interface provided for accepting the user’s
operation.
[0016] Further, the sound conferencing apparatus in-
cludes a plurality of unidirectional microphones (sixteen
microphones 10A to 10P in the embodiment) arranged
at regular intervals on a circle around a center position
of the recessed part 13 on the recessed part.
[0017] The microphones 10A to 10P are arranged in

the vicinity of the wall surface of the recessed part 13.
The respective microphones 10A to 10P are arranged at
equiangular intervals (about 22.5° intervals in this em-
bodiment) regarding the center position of the housing
11 as a rotation center as viewed from the upper side of
the housing 1. Each microphone is arranged so that its
sound-collecting direction (a direction having a high di-
rectivity) corresponds to a center direction as viewed
from the upper side of the housing 1. The number of
microphones is not limited to sixteen, and may be set
arbitrarily in accordance with a specification as neces-
sary.
[0018] Four speakers SP1 to SP4 are arrange on an
inclined surface of the lower housing 11. The respective
speakers SP1 to SP4 are arranged at equiangular inter-
vals (about 90° intervals in this embodiment) regarding
the center position of the housing 11 as a rotation center
as viewed from the upper side of the housing 1. Each
speaker is arranged so that its sound-emitting direction
corresponds to a radiation direction as viewed from the
upper side of the housing 1. Namely, the sound-emitting
direction and the sound-collecting direction of the adja-
cent speaker and microphone (the speaker SP1 and the
microphone 10A, for instance) are directions opposite to
each other as viewed from the upper side of the housing
1. The speaker and microphone (the speaker SP3 and
the microphone 10A, for instance) whose sound-emitting
and sound collecting directions are the same direction
as viewed from the upper side of the housing 1 are ar-
ranged at the positions farthest from each other. Accord-
ingly, the sound fed back from the speaker to the micro-
phone becomes extremely small.
[0019] Next, an explanation is made of a sound signal
process by the sound conferencing apparatus. As shown
in Fig. 3, in addition to the above-configuration, the sound
conferencing apparatus includes a control unit 20, AMPs
(amplifiers) 21A to 21P, A/D converters 22A to 22P, a
microphone signal processing circuit 23, an echo can-
celler 24, a speaker signal processing circuit 26, four D/A
converters 27 and four amplifiers 28.
[0020] Sounds collected by the microphones 10A to
10P are input to the amplifiers 21A to 21P The amplifiers
21A to 21P amplifies outputs the sounds collected by the
microphones 10A to 10P respectively, and outputs the
amplified sounds to the A/D converters 22A to 22P. The
A/D converters 22A to 22P digitally converts the sound
signals amplified by the amplifiers 21A to 21P, and out-
puts the digitally-converted sound signals to the micro-
phone signal processing circuit 23.
[0021] The microphone signal processing circuit 23 se-
lects and outputs one signal having the highest sound
pressure level among the sound signals output from the
A/D converters 22A to 22P. At this time, a process for
adding the sounds input from the respective microphones
to the sound signal collected by the adjacent microphone
may be performed. Addition of the signal collected by the
adjacent microphone strengthens the signal in the front
direction of the microphone and weakens the signal in
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directions other than the front direction so as to improve
the directivity of the microphone.
[0022] An output signal of the microphone signal
processing circuit 23 is input to the echo canceller 24.
An output signal of the echo canceller 24 is output to
another apparatus via the input/output interface 16. The
input/output interface 16 outputs a sound signal input
from another apparatus to the echo canceller 24. The
echo canceller 24 estimates a feedback component
reaching from the speakers SP1 to SP4 to the micro-
phones 10A to 10P and subtracts the estimated feedback
component from the output signal of the microphone sig-
nal processing circuit 23.
[0023] The output signal of the echo canceller 24 (a
sound signal input from the other apparatus) is output to
the speaker signal processing circuit 26. The speaker
signal processing circuit 26 divides the sound signal input
from the echo canceller 24 in four ways and outputs the
divided signals. At this time, the phases of the respective
sound signals may be shifted. Phase-shift of the respec-
tive sound signals evades causing only the low-frequen-
cy component to be emphasized. Thus, the conference
participants existing around the apparatus can clearly
catch the sounds emitted from the speakers which exist
closest to themselves.
[0024] The four-way sound signals output from the
speaker signal processing circuit 26 are input to the four
D/A converters 27 respectively, and converted into the
respective analog sound signals. The four-way analog
sound signals are amplified by the four amplifiers 28 re-
spectively, and emitted from the respective speakers
SP1 to SP4.
[0025] In the sound conferencing apparatus according
to the embodiment, here, the direction (rear side) oppo-
site to the direction having the directivity of each of the
plurality of directional microphones arranged on the up-
per surface of the recessed part 13 is open acoustically.
Since the microphones 10A to 10P are disposed in the
vicinity of the wall surface of the recessed part 13, the
reflection at the wall surface of the sound reaching from
the front side (the direction having the directivity) may
cause the directivity to be lowered. For this reason, as
shown by (B) in Fig. 2, the front side of each microphone
is directed toward a side of a bottom surface of the re-
cessed part 13, and its back side is directed toward a
direction higher than the wall surface of the tub-shaped
recessed part as viewed from a lateral side of the hous-
ing. Although, as mentioned above, each microphone is
covered with the mesh steel sheet, it is open acoustically
because the mesh steel sheet has little sound insulating
properties and little sound absorbability.
[0026] Fig. 4 is an enlarged view showing the arrange-
ment of the microphone. In Fig. 4, although an explana-
tion is made of the microphone 10A on behalf of the mi-
crophones, other microphones have the same configu-
ration and function. Since the conference participants ex-
ist around the sound conferencing apparatus, the sound
reaches the microphone 10A from obliquely-above as

viewed from the lateral side of the housing. In an example
of the figure, sound A (as a noise, mainly) from the X, Z
direction and sound B (as speech sound of the confer-
ence participant) from the -X, Z direction reach the mi-
crophone 10A.
[0027] Since the microphone 10A is a unidirectional
microphone, the sound A is hardly collected. That is, the
sound A is cancelled as a result of combining a sound
signal collected at the rear side of the microphone 10A
and a fed-back sound signal collected at the front side
of the microphone 10A. On the other hand, the sound B
is collected at the front side of the microphone 10A di-
rectly or by reflection on the upper surface of the recessed
part 13. Here, since the rear side of the microphone 10A
is open acoustically, the sound B is hardly collected from
the rear side, and is not also reflected toward the front
side. Accordingly, the microphone 10A has a sensitivity
only at its front side, and the directivity cannot be lowered
(i.e., the unidirectivity is secured).
[0028] Further, since the microphone 10A is equivalent
to be placed in a position extremely close to the upper
surface of the recessed part 13, the sound-collecting sen-
sitivity with respect to the front side is further improved
due to the boundary effect.
[0029] The sound conferencing apparatus according
to the embodiment is configured so that the sound-emit-
ting direction and the sound-collecting direction of the
adjacent speaker and microphone (the speaker SP1 and
the microphone 10A, for instance) are directions opposite
to each other, and therefore, the fed back sound from
the speaker to the microphone is extremely small struc-
turally. Further, since the unidirectivity of each micro-
phone is secured due to the arrangement configuration,
the fed back sound becomes small furthermore.
[0030] Although Fig. 4 shows an example in which the
microphone 10A is arranged at an angle of about forty-
five degrees, the arrangement angle is not limited to this
angle. The microphone 10A may be arranged at any an-
gle only if its rear side is open acoustically.
[0031] The embodiment shows an example in which a
part of the recessed part 13 is covered with a mesh steel
sheet in order to open the back side of the microphone
acoustically, but the invention is not limited thereto. For
example, the rear side of the microphone may be phys-
ically and completely open without providing the mesh
steel sheet, or a hole may be formed in a part of the wall
surface corresponding to the back side of the micro-
phone, or the like.
[0032] In the invention, the configuration of the speak-
ers is not essential. The sound conferencing apparatus
can collect the speech sounds in all directions at high
S/N ratio even if the sound of the conference is recorded
only using the microphones.

Claims

1. An audio apparatus, comprising:
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a housing including a tub-shaped recessed part
which is defined by an upper surface and a wall
surface formed on the upper surface;
a plurality of directional microphones which are
arranged in a circle in the vicinity of the wall sur-
face inside the recessed part, each of the micro-
phones having a directivity directed toward a
center direction of the recessed part as viewed
from an upper side of the housing and toward
the upper surface, wherein
a direction opposite to the direction having the
directivity of each of the plurality of directional
microphones is open acoustically.

2. The audio apparatus according to claim 1, further
comprising a plurality of speakers which are ar-
ranged in a concentric circle larger in radius than the
circle on which the plurality of directional micro-
phones are arranged, and disposed toward a radia-
tion direction of the concentric circle as viewed from
the upper side of the housing.

3. The audio apparatus according to claim 1, wherein
the direction opposite to the direction having the di-
rectivity of each of the plurality of directional micro-
phones is open acoustically by covering a part of the
recessed part with a mesh steel sheet.
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