EP 3 013 071 A1

(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(11) EP 3013 071 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
27.04.2016 Bulletin 2016/17

(21) Application number: 14801780.9

(22) Date of filing: 15.05.2014

(51)

(86)

(87)

Int Cl..

HO4R 1/26 (200607
HO4R 1/34(2006.07
HO4R 5/02 (2006.0%)
H04S 5/02 (2006.07)

HO4R 1102 (2006.0%)
HO4R 3114 (2006.07)
H04S 1/00 (200607

International application number:
PCT/JP2014/062946

International publication number:
WO 2014/188952 (27.11.2014 Gazette 2014/48)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 22.05.2013 JP 2013107885
30.07.2013 JP 2013157284

(71) Applicant: Yamaha Corporation
Hamamatsu-shi, Shizuoka 430-8650 (JP)

(72)

(74)

Inventors:

HIRAKAWA, Kazuaki
Hamamatsu-shi
Shizuoka 430-8650 (JP)
KOSUGE, Katsuma
Hamamatsu-shi
Shizuoka 430-8650 (JP)
NINOMIYA, Tomoko
Hamamatsu-shi
Shizuoka 430-8650 (JP)

Representative: Hoffmann Eitle
Patent- und Rechtsanwailte PartmbB
ArabellastraBe 30

81925 Miinchen (DE)

(54) SPEAKER DEVICE

(57) A speaker device is provided with sound clarity
maintained even when a sound is reflected off a wall sur-
face and with high flexibility in design of a housing.

The speaker device includes: the housing having
opening formed in back and upper surfaces; a first speak-
er unit provided in the opening of the back surface; a
second speaker unit provided in the opening of the upper
surface; and an electronic circuit configured to supply a
sound signal to the first speaker unit and supply, to the
second speaker unit, a partial signal in frequencies of a
part of a frequency range of the sound signal.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a speaker de-
vice configured to cause a sound to be reflected off a
wall surface of a room and propagate.

BACKGROUND ART

[0002] There is conventionally disclosed an invention
of a speaker device including: an elongated housing
shaped like a quadrangular prism and standing upright;
and a plurality of speaker units provided on all respective
four side surfaces of the housing (see Patent Document
1, for example). This speaker device delays and adjusts
the timing at which each of the speaker units outputs an
audio signal, to output a sound beam as a sound wave
with directivity. This speaker device outputs the sound
beams toward a floor and a ceiling of a room to cause
the sound beams to be reflected a plurality of times, and
accordingly indirect sounds reach a listener from many
directions. This configuration achieves an effect in which
the listener does not feel an accurate position of the
speaker device. Speaker devices described below are
known as conventional speaker devices.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0003]

Patent Document 1: Japanese Patent Application
Publication No. 2007-37058

Patent Document 2: Japanese Patent Application
Publication No. 11-055780

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Inthe case where the speaker device disclosed
in Patent Document 1 is placed in, e.g., a corner of a
room, and a sound is emitted from a speaker unit facing
walls of the corner, the emitted sound becomes unclear
because the sound is muffled in the middle frequency
range in the corner of the room. Also, the plurality of
speaker units are as described above provided on all the
respective four side surfaces of the housing in the speak-
er device disclosed in Patent Document 1. Thus, the side
surfaces cannot be decorated, thereby limiting a design
of the housing.

[0005] Therefore, the object of the present invention is
to provide a speaker device with sound clarity which is
maintained even when a sound is reflected off a wall sur-
face and with high flexibility in design of a housing.
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MEANS FOR SOLVING PROBLEM

[0006] A speaker device according to the present in-
vention includes: a housing having a back surface formed
with an opening, and an upper surface formed with an
opening; at least one first speaker unit disposed in the
opening of the back surface; at least one second speaker
unit disposed in the opening of the upper surface; and
an electronic circuit configured to supply a sound signal
to the at least one first speaker unit and supply, to the at
least one second speaker unit, a partial signal in frequen-
cies of a part of a frequency range of the sound signal.
[0007] The speaker device according to the present
invention is placed near a wall of a room, for example. A
sound emitted from the first speaker unit provided near
the back surface is reflected off a wall surface so as to
propagate to the room. Even if some frequencies of the
emitted sound are attenuated by the reflection, and there-
by the sound is muffled, the frequencies can be compen-
sated by the second speaker unit oriented upward.
[0008] As another form of the present invention, the
speaker device may further include a reflector disposed
on an upper side of the at least one second speaker unit
and configured to reflect a sound emitted from the at least
one second speaker unit, toward a front side of the hous-
ing.

[0009] The electronic circuit may be configured to sup-
ply, to the at least one second speaker unit, a signal in
frequencies of a middle frequency range of the frequency
range of the sound signal.

[0010] The housing may be divided into a plurality of
layers at least including: an upper layer box having the
opening of the upper surface and accommodating the at
least one second speaker unit; a middle layer box having
the opening of the back surface and accommodating the
at least one first speaker unit; and a lower layer box ac-
commodating the electronic circuit.

[0011] The speaker device may be configured such
that the at least one first speaker unit includes a plurality
of speaker units to each of which a sound signal of cor-
responding at least one of a plurality of channels is to be
supplied, and the electronic circuit is configured to sup-
ply, to the at least one second speaker unit, a signal ob-
tained by extracting the partial signal from the sound sig-
nal in each of the plurality of channels and synthesizing
the extracted signals.

[0012] The speaker device according to the present
invention may further include: a first filter configured to
take atleast a signal in frequencies of a middle frequency
range containing a human voice, out of an audible fre-
quency range of the sound signal; and a second filter
configured to take a signal in frequencies of each of a
low frequency range and a high frequency range, out of
the audible frequency range of the sound signal, wherein
the signal in the frequencies of each of the low frequency
range and the high frequency range is different from the
signal in the frequencies of the middle frequency range,
wherein the signal output from the first filter is output to
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the at least one second speaker unit, and wherein the
signal output from the second filter is output to the atleast
one first speaker unit.

[0013] The speaker device may be configured such
that the at least one second speaker unit is a middle-
frequency-range speaker with a reduced sound emission
characteristic of the low frequency range, and the first
filter is a low-pass filter configured to take a signal in
frequencies of a frequency range which is less than or
equal to the middle frequency range, and the frequencies
of the frequency range which is less than or equal to the
middle frequency range contains frequencies of the low
frequency range.

[0014] The speaker device may be configured such
that the sound signal is a stereo signal in right and left
channels, each of right and left first speaker units as the
at least one first speaker unit is configured such that a
signal in a corresponding one of the left and right chan-
nels is input to said each of right and left first speaker
units, and a signal obtained by synthesizing the right and
left channels is input to one second speaker unit as the
at least one second speaker unit.

EFFECT OF THE INVENTION

[0015] Accordingtothe presentinvention, itis possible
to achieve clarity of emitted sounds even in the case
where no speaker unit is provided on the front surface to
increase flexibility in design of the housing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Figs. 1(A)through 1(C) are external views of a speak-
er device according to a first embodiment of the
present invention.

Fig. 2 is a view illustrating an internal structure of the
speaker device.

Fig. 3 is a rear view of the speaker device, with a
speaker grille removed.

Fig. 4 is a perspective view of a head piece provided
on an upper end of the speaker device.

Fig. 5 is a plan view illustrating an example of an
installation position of the speaker device.

Fig. 6 is a block diagram illustrating an electronic
circuit of the speaker device.

Fig. 7 is a block diagram illustrating a speaker device
according to a second embodiment of the present
invention.

Figs. 8(A) and 8(B) are views illustrating character-
istics of filters provided on the speaker device ac-
cording to the second embodiment.

Fig. 9 is an external view of the speaker device ac-
cording to the second embodiment in a stereo con-
figuration.

Fig. 10 is a view illustrating a structure of a speaker
device according to a third embodiment of the
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present invention.

Fig. 11 is a block diagram illustrating the speaker
device according to the third embodiment.

Fig. 12(A) through 12(C) are external views of the
speaker device according to the third embodiment
of the present invention.

Fig. 13 is a view illustrating an example of an instal-
lation position of a speaker device according to a
fourth embodiment.

Fig. 14 is a block diagram illustrating an electronic
circuit of the speaker device according to the fourth
embodiment.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0017] Hereinafter, there will be described speaker de-
vices according to embodiments of the present invention
by reference to the drawings. Figs. 1(A)-1(C) are external
views of a speaker device according to an embodiment
of the present invention. Fig. 1(A) is a front elevational
view of the speaker device, Fig. 1(B) is a right side view
thereof, and Fig. 1(C) is a rear view thereof. Fig. 2 is a
view illustrating an internal structure of the speaker de-
vice. Fig. 3 is a rear view of the speaker device, with a
speaker grille removed.

[0018] A speaker device 1 according to the embodi-
ment of the present invention includes: a housing 11 for
accommodating a plurality of speakers; a base 14
shaped like around board and provided on afloor surface
to support the housing 11; and a pillow 13 shaped like a
rod and connecting the housing 11 and the base 14 to
each other. The housing 11 is supported by the pillow 13
and the base 14 and provided upright in a vertical direc-
tion.

[0019] The housing 11 is shaped like a substantially
quadrangular prism which slightly tapers in width toward
an upper end thereof. Thatis, the housing 11 has a quad-
rangular-pyramidal trapezoid shape (a shape obtained
by horizontally cutting out a vertex portion or a head por-
tion from a quadrangular pyramid in a plane parallel with
a bottom surface of the pyramid), accurately. The angle
of inclination of a side surface of the housing 11 with
respect to the vertical line is 2%. The speaker device 1
is installed in a state in which an edge line portion 19
interposed between two side surfaces of the speaker de-
vice 1 is located on a front side (a user side). In the fol-
lowing explanation, the front direction of the speaker de-
vice is referred to as a front direction, and the back di-
rection is referred to as a rear direction. Also, a right and
left direction is defined based on a state in which the
speaker device 1 is viewed from a user located on a front
side.

[0020] In this speaker device 1, the speaker units are
oriented not in the front direction but in the rear direction.
Thus, as illustrated in Figs. 1 (B) and 1 (C), a speaker
grille 12 is provided on a back portion of the housing 11.
As a result, the speaker grille 12 need not be provided



5 EP 3 013 071 A1 6

on a front portion of the speaker device 1, and decorative
LEDs 16 are provided on the edge line portion 19 of the
front surface of the housing 11.

[0021] The interior of the housing 11 is divided by two
partition plates into three spaces in the up and down di-
rection. The three spaces include: an upper space as a
middle-frequency-range speaker box 30 for accommo-
dating a speaker unit 20; a central space as a stereo
speaker box 31 for accommodating speaker units 21, 22;
and a lower space as a circuit box 32 foraccommodating
an electronic circuit 15.

[0022] AsillustratedinFigs.2and 3, the stereo speaker
box 31 is open in its back surface, and a baffle board 24
is provided in this opening. This baffle board 24 is not flat
but curved in the right and left direction so as to match
the quadrangular prism shape of the housing 11. The
speaker units 21, 22 are mounted on the baffle board 24,
and a bass reflex port 23 is formed in the baffle board
24. The speaker unit 21 is a speaker unit for a right chan-
nel and mounted so as to be oriented in an obliquely right
and rear direction. The speaker unit 22 is a speaker unit
for a left channel and mounted so as to be oriented in an
obliquely left and rear direction. The bass reflex port 23
is formed so as to communicate with the interior of the
stereo speaker box 31 via a duct. The baffle board 24 is
covered with the speaker grille 12. As illustrated in Fig.
1(B), the speaker grille 12 is formed of a metal mesh and
is substantially flush with the housing 11.

[0023] An upper surface of the speaker box 30 for a
middle frequency range has an opening in which the
speaker unit 20 is mounted so as to be oriented upward.
A head piece 10 is provided on the upper side of the
speaker unit 20 such that sounds emitted from the speak-
er unit 20 are reflected off the head piece 10 in the front
direction.

[0024] Fig. 4 is a perspective view of the head piece.
The head piece 10 includes: a main body 101, as an
upper portion, having a sound emission opening 110; a
top board 102 disposed on an upper surface of the main
body 101; and a skirt 106 as a lower portion. The main
body 101 is shaped substantially like a cube. A bottom
board 103 of the head piece 10 has a round opening
103A at its central portion. The diameter of the opening
103A is substantially equal to that of the speaker unit 20.
[0025] A reflector 105 (105A, 105B) is formed in the
main body 101. This reflector 105 is constituted by two
triangle surfaces each connecting between (a) a vertex
105C located at a lower end of sides interposed between
two side surfaces 113, 114 serving as a back board 104
and (b) a corresponding one of upper sides of two side
surfaces 111, 112 serving as the cutout or the sound
emission opening 110. Since the main body 101 is
shaped substantially like a cube, each of the left and right
surfaces 105A, 105B of the reflector 105 forms an angle
of about 45 degrees with respect to a horizontal plane
such as the bottom board 103.

[0026] A sound emitting surface of the speaker unit 20
is disposed under the head piece 10 so as to be oriented
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upward vertically while sharing the central axis with the
head piece 10. Also, each surface of the reflector 105 of
the head piece 10 faces the sound emitting surface of
the speaker unit 20, and the angle of inclination of each
surface of the reflector 105 is about 45 degrees. Thus,
as indicated by arrows 201 in Fig. 4, a sound emitted
upward from the speaker unit 20 is reflected off the re-
flector 105 and propagates so as to spread in front right
and left directions. With this construction, even when the
sound is emitted upward from the speaker unit 20, the
sound can be reflected off the reflector 105 and propa-
gate so as to spread in the front right and left directions
from front portions of the side surfaces of the housing 11
with little loss.

[0027] Fig. 5is a plan view illustrating an example of
an installation position of the speaker device 1. The
speaker device 1 is installed at, e.g., a corner of a room
in a state in which a back portion of the speaker device
1 faces a wall. Since the LEDs 16 are provided decora-
tively on the front portion of the speaker device 1 without
the speaker units and the speaker grille, the speaker de-
vice 1 functions also as a decorative interior unlike com-
mon speaker devices.

[0028] When a sound signal is input to the speaker
device 1, sounds are emitted from the speaker units 22,
21 for the respective left and right channels. Since the
speaker units 21, 22 are oriented in the back direction
(i.e., so as to face the wall), the sounds emitted from the
speaker units 21, 22 for the respective left and right chan-
nels are reflected off a wall surface and propagate in the
front direction (i.e., toward a central portion of the room).
Sounds in a high frequency range among the sounds
emitted from the speaker units 21, 22 travel straight when
compared to sounds in the other frequency ranges, and
accordingly the sounds emitted from the speaker units
21, 22 are well reflected off the wall. Since sounds in a
low frequency range are emitted with a small amount of
spatial impression in audibility, even when the user lis-
tens to the sounds as if the sounds are made near the
wall surface, the user (the listener) feels little discomfort.
In contrast, a middle frequency range contains human
speaking voices and human singing voices, and when
sounds in the middle frequency range are reflected off
the wall surface, the sounds are attenuated greatly and
thereby muffled, resulting in lowered clarity. To solve this
problem, the speaker device 1 extracts components of
the middle frequency range from sounds in the left and
right channels and emits sounds in the middle frequency
range from the speaker unit 20. Although the speaker
unit 20 is oriented upward, the emitted sounds in the mid-
dle frequency range are well propagated frontward by
the head piece 10 provided on the upper side of the
speaker unit 20. As a result, the user can clearly listen
to the sounds in the low through high frequency ranges
without discomfort.

[0029] The electroniccircuit 15is disposed in the circuit
box 32 of the housing 11. Fig. 6 is a block diagram illus-
trating a main portion of the electronic circuit 15. The
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electronic circuit 15 includes a controller 50, a signal proc-
essor 51, an audio amplifier 52, an input selector 53, a
Bluetooth (registered trademark) communication circuit
54, a cable connector 55, and an LED lighting circuit 56.
[0030] The controller 50 is constituted by a microcom-
puter. A light receiving circuit 40 is connected to the con-
troller 50, and this light receiving circuit 40 receives an
infrared signal transmitted from an infrared remote con-
trol, not shown. The light receiving circuit 40 converts the
received infrared signal to an electronic signal and inputs
it to the controller 50. Based on the signals received from
the light receiving circuit 40, the controller 50 selects an
input signal in the input selector 53, adjusts sound quality
in the signal processor 51, adjusts a sound volume in the
audio amplifier 52, turns on and off the Bluetooth com-
munication circuit 54, sets a password, and controls illu-
mination of the LEDs 16, for example.

[0031] The signal processor 51 adjusts sound quality
of an audio signal (a two-channel stereo signal) input
from the input selector 53. Also, the signal processor 51
extracts components in the middle frequency range, from
signals in the right and left channels, and synthesizes
the extracted components to output the obtained signal
as an audio signal in a third channel. That is, the signal
processor 51 functionally includes band-pass filters 66,
67 and a mixer 68. The audio amplifier 52 functionally
includes amplifier circuits 64, 65, 69 for three channels
which respectively amplify audio signals in the left chan-
nel, the right channel, and the middle frequency range.
The amplifier circuit 64 amplifies a sound signal in the
left channel to output it to the speaker 22. The amplifier
circuit 65 amplifies a sound signal in the right channel to
output it to the speaker 21.

[0032] The band-pass filter 66 extracts sound signals
in the middle frequency range (e.g., from 100 Hz to 7
kHz) from those in the left channel to output the extracted
signals to the mixer 68. Likewise, the band-pass filter 67
extracts sound signals in the middle frequency range
from those in the right channel to output the extracted
signals to the mixer 68. The mixer 68 synthesizes the
input sound signals in the middle frequency range in the
left channel and the input sound signals in the middle
frequency range in the right channel to output the syn-
thesized signals to the amplifier 69. The amplifier 69 am-
plifies the synthesized signals in the middle frequency
range to output them to the speaker unit 20. Accordingly,
the speaker unit 20 emits the sounds in the middle fre-
quency range in the left and right channels.

[0033] As illustrated in Fig. 5, in the case where the
speaker device 1 is placed in a state in which its back
surface faces the wall of the room, the sounds emitted
from the speaker units 21, 22 are reflected off the wall
surface. As a result, even the sounds emitted from the
slim housing echo with spatial impression. Even if the
sounds in the middle frequency range become unclear
at this emission due to reflection against the wall surface,
the sounds in the middle frequency range are emitted
from the speaker unit 20, the sounds in the left and right
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channels echo clearly in all the frequency ranges.
[0034] Also, no speaker unit or no speaker grille is pro-
vided on the front surface of the housing 11, resulting in
increase in flexibility in design for the front surface.
[0035] The middle frequency range to be extracted by
the band-pass filter 66 is a frequency range which gen-
erally ranges from 100 Hz to 7 kHz, but the middle fre-
quency range is not limited to this frequency range. The
middle frequency range may be a portion of the frequency
range which ranges from 100 Hz to 7 kHz. Also, the fre-
quency range to be extracted by the band-pass filter 66
is not limited to the middle frequency range. Even in the
case where the speaker unit 20 emits sounds in a range
different from the middle frequency range, an effect cor-
responding to the range can be obtained.

[0036] While the speaker units 21, 22 provided on the
back surface emit sounds in all the frequency ranges in
the present embodiment, the speaker units 21, 22 can
emit sounds based on signals from which frequency
range components to be emitted from the speaker unit
20 oriented upward are removed.

[0037] While the two speaker units 21, 22 are provided
on the back surface in the above-described embodiment,
the number of speaker units is not limited to two. Also,
the number of channels of sounds to be emitted is not
limited to two channels and may be a single channel (mo-
no), for example.

[0038] It is noted that the shape of the housing 11 of
the speaker device 1 is not limited to the quadrangular-
pyramidal trapezoid shape and may be a column shape
such as a conical trapezoid shape, a circular cylindrical
shape, and a prism shape.

[0039] Each of the speaker units 21, 22 corresponds
to a first speaker unit. The speaker unit 20 corresponds
to a second speaker unit. The elements in the present
embodiment may be modified, without departing from the
spirit of the present invention.

[0040] There will be next explained second through
fourth embodiments. It is noted that the same reference
numerals as used in the first embodiment are used to
designate the corresponding elements of the second
through fourth embodiments, and an explanation of
which is dispensed with. Here, the second through fourth
embodiments are created based on the following find-
ings.

[0041] Common two-way speaker devices are consti-
tuted by a speaker unit for middle and low frequency rang-
es and a speaker unit for a high frequency range (see
Patent Document 2, for example). In these speaker de-
vices, sounds in the low frequency range and sounds in
the middle frequency range are emitted from the same
speaker unit. Also, even in the case where different audio
amplifiers are provided for different frequency ranges,
the sounds in the low frequency range and the sounds
in the middle frequency range are amplified by the same
audio amplifier. Thus, in the case where a sound quality
is adjusted by, e.g., boosting the low frequency range,
the middle frequency range is also boosted slightly due
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to this adjustment, making it difficult to execute control
in a state in which the frequency ranges are completely
separated from each other. Also, if the middle frequency
range is also boosted due to the effects of the low fre-
quency range, a heavy load is imposed on the audio am-
plifier, unfortunately.

[0042] Incidentally, the speaker can be provided onthe
back surface for a design of the front surface. For exam-
ple, there is disclosed an invention of a speaker device
including: an elongated housing shaped like a quadran-
gular prism and standing upright; and a plurality of speak-
er units provided on all respective four side surfaces of
the housing (see Patent Document 1, for example). This
speaker device delays and adjusts the timing at which
each of the speaker units outputs an audio signal, to out-
put a sound beam as a sound wave with directivity. This
speaker device outputs the sound beams toward a floor
and a ceiling of a room to cause the sound beams to be
reflected a plurality of times, and accordingly indirect
sounds reach a listener from many directions. This con-
figuration achieves an effect in which the listener does
not feel an accurate position of the speaker device.
[0043] Inthe case where the speaker device disclosed
in Patent Document 1 is placed in, e.g., a corner of a
room, and a sound is emitted from a speaker unit facing
walls of the corner, the emitted sound becomes unclear
because the sound is muffled in the middle frequency
range in the corner of the room. Also, the plurality of
speaker units are as described above provided on all the
respective four side surfaces of the housing in the speak-
er device disclosed in Patent Document 1. Thus, the side
surfaces cannot be decorated, thereby limiting a design
of the housing.

[0044] Therefore, the second through fourth embodi-
ments are developed to provide a speaker device with
(i) improved controllability of sound quality of a two-way
speaker device, (ii) clarity which is maintained even when
a sound is reflected off a wall surface, and (iii) high flex-
ibility in design of a housing.

[0045] There will be explained a speaker device ac-
cording to the second embodiment of the present inven-
tion with reference to figures. Figs. 7-9 are views for ex-
plaining the second embodiment of the presentinvention.
Fig. 7 is a block diagram illustrating the speaker device,
Fig. 8 is a view illustrating characteristics of filters, and
Fig. 9illustrates a stereo configuration using two speaker
devices.

[0046] The speaker device 500 includes a full-range
speaker unit 510 for emitting sounds in the low frequency
range and the high frequency range, and a midrange
speaker unit 511 for emitting sounds in the middle fre-
quency range. The middle frequency range is principally
afrequency range which covers human voices and rang-
es from 100 Hz to 7000 Hz, for example. It is noted that
the middle frequency range is not limited to this range.
For example, the middle frequency range may be a fre-
quency range for a telephone network which ranges from
300 Hz to 3400 Hz. The high frequency range is a fre-
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quency range higher than the middle frequency range.
The low frequency range is a frequency range lower than
the middle frequency range. Hereinafter, a lower limit fre-
quency of the middle frequency range will be referred to
as "FL", and an upper limit frequency of the middle fre-
quency range as "FH".

[0047] In the block diagram in Fig. 7, the speaker de-
vice 500 includes an audio-signal input portion 512, a
signal processor 501, a speaker driving portion 502, and
speaker units 510, 511. The signal processor 501 in-
cludes low-pass filters 520, 527, a high-pass filter 521,
gain adjusters 523, 524, 528, and an adder 525. The
speaker driving portion 502 includes amplifiers 526, 529.
[0048] The audio-signalinputportion 512 inputs an au-
dio signal and supplies it to the low-pass filters 520, 527
and the high-pass filter 521. The low-pass filter 527 pass-
es signals with a frequency lower than or equal to an
upper limit frequency FH of the middle frequency range.
Fig. 8(A) illustrates a frequency response of the low-pass
filter 527. A gain of an audio signal having passed through
the low-pass filter 527 is adjusted by the gain adjuster
528 and amplified by the amplifier 529, and then the audio
signal is supplied to the speaker unit 511. The audio sig-
nal output from the low-pass filter 527 contains compo-
nents of the low frequency range. Although this signal is
to be supplied to the speaker unit 511, the speaker unit
511 is for the midrange and cannot emit sounds in the
low frequency range as indicated by the broken line in
Fig. 8(A). Thus, the sound emitted from the speaker unit
511 is such a sound in the middle frequency range that
the filter response in Fig. 8(A) is corrected by the broken
line. ltis noted that the low-pass filter 527 may be a band-
pass filter for the middle frequency range. The gain ad-
juster 528 may be included in the low-pass filter 527.
[0049] The low-pass filter 520 passes signals with a
frequency lower than or equal to a lower limit frequency
FL of the middle frequency range. Fig. 8(B) illustrates a
frequency response of the low-pass filter 520. The curve
LPF on the left side indicates a response of the low-pass
filter 520. A gain of an audio signal in the low frequency
range which has passed through the low-pass filter 520
is adjusted by the gain adjuster 523, and then the audio
signal is input to the adder 525. The high-pass filter 521
passes signals with a frequency higher than or equal to
the upper limit frequency FH of the middle frequency
range. Fig. 8(B) illustrates frequency response of the
high-passfilter. The curve HPF on the right side indicates
aresponse of the high-pass filter 521. A gain of an audio
signal in the high frequency range which has passed
through the high-pass filter 521 is adjusted by the gain
adjuster 524, and then the audio signal is input to the
adder 525. The adder 525 synthesizes the audio signal
in the low frequency range and the audio signal in the
high frequency range by adding them together. This syn-
thesized audio signal is amplified by the amplifier 526
and supplied to the speaker unit 510. It is noted that the
gain adjusters 523, 524 may be included respectively in
the low-pass filter 520 and the high-pass filter 521.
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[0050] As described above, the signal in the compo-
nent of the low frequency range and the signal in the
component of the high frequency range are amplified by
the same amplifier, and sounds based on these signals
are emitted from the same speaker unit 510, and the
signal in the component of the middle frequency range
is amplified by the amplifier different from that used for
amplifying the signal in the component of the low fre-
quency range, and a sound based on the signal in the
component of the middle frequency range is emitted from
the speaker unit different from that used for emitting a
sound based on the signal in the component of the low
frequency range. This configuration enables the two-way
speaker device to separate the high frequency range,
the middle frequency range, and the low frequency range
from each other, facilitating independent gain adjust-
ment. Also, in conventional speaker devices with fre-
quency bands separated into a band for high sounds and
a band for middle and low sounds, in the case where the
low frequency range is boosted, for example, a gain of
the middle frequency range is increased due to the boost
of the low frequency range, a sound quality of the middle
frequency range is changed, and a burden is placed on
an amplifier for amplifying the middle and low sounds. In
the speaker device 500 illustrated in Figs. 7-9, however,
even when the low frequency range is boosted, the mid-
dle frequency range is not affected, so that the sound
quality is not changed, and no burden is placed on the
speaker unit.

[0051] Itis noted that the speaker unit 510 may be pro-
vided on a back surface of the device in this embodiment.
[0052] Fig.9is aview illustrating a stereo configuration
using two speaker devices 500 each illustrated in Fig. 7.
This stereo speaker system includes a speaker device
500L for the left channel and a speaker device 500R for
the right channel. Fig. 10 is a view illustrating an integral-
type stereo speaker device 505 according to a third em-
bodiment of the present invention. This speaker device
505 is configured using a range separation method of
the two-way speaker illustrated in Figs. 7-9.

[0053] The speaker device 505 in Fig. 10 includes: a
speaker unit 511C for the middle frequency range which
is provided on a front surface of the speaker device 505;
and full-range speaker units 510L, 510R (for the left and
right channels) provided on a back surface of the speaker
device 505. In Fig. 10, the speaker unit 511C, for the
middle frequency range, provided on the front surface is
oriented frontward but may be oriented in another direc-
tion. For example, the speaker device may be configured
such that the speaker unit is oriented upward, and a re-
flector may be provided for reflecting emitted sound wave
in the front direction.

[0054] Fig. 11is ablock diagram illustrating the speak-
er device 505 illustrated in Fig. 10. As illustrated in this
block diagram, the signal processor 501 includes low-
pass filters 520L, 520R, 527L, 527R, high-pass filters
521L, 521R, gain adjusters 523L, 523R, 524L, 524R,
528L,528R, and adders 525L, 525R, 530C. The speaker
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driving portion 502 includes amplifiers 526L, 526R, 529C.
[0055] A left-channel audio-signal input portion 512L
inputs an audio signal in the left channel and supplies it
to the low-pass filters 520L, 527L and the high-pass filter
521L. The low-pass filter 520L passes signals with a fre-
quency lower than or equal to the lower limit frequency
FL of the middle frequency range. A gain of an audio
signal in the low frequency range which has passed
through the low-pass filter 520L is adjusted by the gain
adjuster 523L, and then the audio signal is input to the
adder 525L. The high-pass filter 521L passes signals with
a frequency higher than or equal to the upper limit fre-
quency FH of the middle frequency range. A gain of an
audio signal in the high frequency range which has
passed through the high-pass filter 521L is adjusted by
the gain adjuster 524L, and then the audio signal is input
tothe adder 525L. The adder 525L synthesizes the audio
signal in the low frequency range and the audio signal in
the high frequency range in the left channel by adding
them together. This synthesized audio signal is amplified
by the amplifier 526L and supplied to the speaker unit
510L. It is noted that the gain adjusters 523L, 524L may
be included respectively in the low-pass filter 520L and
the high-pass filter 521L.

[0056] A right-channel audio-signal input portion 512R
inputs an audio signal in the right channel and supplies
it to the low-pass filters 520R, 527R and the high-pass
filter 521R.

[0057] The low-pass filter 520R passes signals with a
frequency lower than or equal to the lower limit frequency
FL of the middle frequency range. A gain of an audio
signal in the low frequency range which has passed
through the low-pass filter 520R is adjusted by the gain
adjuster 523R, and then the audio signal is input to the
adder 525R. The high-pass filter 521R passes signals
with a frequency higher than or equal to the upper limit
frequency FH of the middle frequency range. A gain of
an audio signal in the high frequency range which has
passed through the high-pass filter 521R is adjusted by
the gain adjuster 524R, and then the audio signal is input
tothe adder525R. The adder525R synthesizes the audio
signal in the low frequency range and the audio signal in
the high frequency range in the right channel by adding
them together. This synthesized audio signal is amplified
by the amplifier 526R and supplied to the speaker unit
510R. Itis noted that the gain adjusters 523R, 524R may
be included respectively in the low-pass filter 520R and
the high-pass filter 521R.

[0058] The low-pass filter 527L for the left channel
passes signals with a frequency lower than or equal to
the upper limit frequency FH of the middle frequency
range. A gain of an audio signal having passed through
the low-pass filter 527L is adjusted by the gain adjuster
528L, andthenthe audio signalis inputto the adder 530C.
The low-pass filter 527R for the right channel passes
signals with a frequency lower than or equal to the upper
limit frequency FH of the middle frequency range. A gain
of an audio signal having passed through the low-pass
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filter 527R is adjusted by the gain adjuster 528R, and
then the audio signal is input to the adder 530C. The
adder 530C synthesizes the audio signals in the middle
frequency range in the left and right channels by adding
them together. This synthesized audio signal is amplified
by the amplifier 529C and supplied to the speaker unit
511C. Itis noted that the gain adjusters 528L, 528R may
be included respectively in the low-pass filter 527L and
the low-pass filter 527R.

[0059] The audio signal output from the low-pass filters
527L, 527R contains components of the low frequency
range, but the speaker unit 511C for the midrange speak-
er unit cannot emit sounds in the low frequency range.
Thus, the sound emitted from the speaker unit 511C is
such a sound in the middle frequency range that the filter
response in Fig. 8(A) is corrected by the broken line. It
is noted that the low-pass filters 527L, 527R may be a
band-pass filter for the middle frequency range.

[0060] This integral stereo speaker illustrated in Figs.
10 and 11 is configured such that the single speaker unit
511C provided on the front surface emits the sound ob-
tained by synthesizing the sounds in the middle frequen-
cyrange in the leftand right channels, and the two speak-
er units 510L, 510R provided on the back surface emit
the sounds in the low frequency range and the high fre-
quency range, separately in the respective left and right
channels. Thus, this speaker device achieves the follow-
ing effects in addition to those achieved by the speaker
device illustrated in Figs. 7-9.

[0061] Only one small speaker unit is provided on the
front surface, or no speaker is provided on the front sur-
face in the case where the speaker unit is oriented up-
ward, resulting in improvement in design of the front sur-
face.

[0062] A large speaker unit can be provided on the
back surface, making it possible to emit low sounds of
high quality without deterioration of design of the front
surface.

[0063] The sounds in the high frequency range are
emitted from the two speaker units provided on the back
surface, resulting in generation of a right and left stereo
feeling using reflection against walls.

[0064] The speaker unit provided on the front surface
emits the sounds in the middle frequency range such as
human voices, resulting in clear audibility without muffled
sounds.

[0065] It is noted that the one speaker unit 511C for
the middle frequency range is provided on the front sur-
face in the embodiment illustrated in Figs. 10 and 11. In
the case where a stereo feeling in the middle frequency
range is to be emphasized, for example, middle-frequen-
cy-range speaker units for the respective left and right
channels may be provided on the front surface.

[0066] There will be next explained a speaker device
according to a fourth embodiment of the present inven-
tion with reference to drawings. This speaker device 301
is shaped such that the speaker device 505 illustrated in
Figs. 10 and 11 is modified so as to be elongated verti-
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cally, and the speaker unit 511C provided on the front
surface is modified so as to be provided on the upper
side of ahousing and oriented upward. Figs. 12(A)-12(C)
are external views of the speaker device 301. Fig. 12(A)
is a front elevational view of the speaker device 301, Fig.
12(B) is a right side view thereof, and Fig. 12(C) is a rear
view thereof.

[0067] The speaker device 301 includes: a housing
311 for accommodating a plurality of speakers; a base
314 shaped like a round board and provided on a floor
surface to support the housing 311; and a pillow 313
shaped like a rod and connecting the housing 311 and
the base 314 to each other. The housing 311 is supported
by the pillow 313 and the base 314 and provided upright
in the vertical direction.

[0068] The housing 311 is shaped like a substantially
quadrangular prism which slightly tapers in width toward
an upper end thereof. That is, the housing 311 has a
quadrangular-pyramidal trapezoid shape (a shape ob-
tained by horizontally cutting out a vertex portion or a
head portion from a quadrangular pyramid in a plane par-
allel with a bottom surface of the pyramid), accurately.
The angle of inclination of a side surface of the housing
311 with respect to the vertical line is 2%. The speaker
device 301 is installed in a state in which an edge line
portion 319 interposed between two side surfaces of the
speaker device 301 is located on a front side (a user
side). In the following explanation, the front direction of
the speaker device is referred to as a front direction, and
the back direction is referred to as a rear direction. Also,
a right and left direction is defined based on a state in
which the speaker device 301 is viewed from a user lo-
cated on a front side.

[0069] Inthis speakerdevice 301, asillustrated in Figs.
12(B) and 12(C), the speaker units 510L, 510R are pro-
vided so as to be oriented in the rear direction. A speaker
grille 312 is provided on a back portion of the housing
311. As a result, the speaker grille 312 need not be pro-
vided on a front portion of the speaker device 301.
[0070] The interior of the housing 311 is divided by two
partition plates into three spaces in the up and down di-
rection. The three spaces include: an upper space as a
middle-frequency-range speaker box 330 for accommo-
dating the speaker unit511C; a central space as a stereo
speaker box 331 for accommodating the speaker units
510L, 510R; and a lower space as a circuit box 332 for
accommodating an electronic circuit 315.

[0071] An upper surface of the middle-frequency-
range speaker box 330 has an opening in which the
speaker unit 511C is mounted so as to be oriented up-
ward. A head piece 310 is provided on the upper side of
the speaker unit 511C such that sounds emitted from the
speaker unit 511C are reflected off the head piece 310
in the front direction.

[0072] Itis noted that the head piece 310 in the fourth
embodiment has the same construction as that of the
head piece 10 illustrated in Fig. 4.

[0073] Fig. 13 is a view illustrating an example of an
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installation position of the speaker device 301. The
speakerdevice 301 isinstalled at, e.g., a corner of aroom
in a state in which a back portion of the speaker device
301 faces a wall. Since no speaker units or no speaker
grille is provided on the front portion of the speaker device
301, the speaker device 301 functions also as a decora-
tive interior unlike common speaker devices.

[0074] When a sound signal is input to the speaker
device 301, sounds are emitted from the speaker units
510L, 510R for the respective left and right channels.
Since the speaker units 510L, 510R are oriented in the
back direction (i.e., so as to face the wall), the sounds
emitted from the speaker units 510L, 510R for the re-
spective left and right channels are reflected off a wall
surface and propagate in the front direction (i.e., toward
a central portion of the room). Sounds in the high fre-
quency range among the sounds emitted from the speak-
er units 510L, 510R travel straight when compared to
sounds in the other frequency ranges, and accordingly
the sounds emitted from the speaker units 510L, 510R
are well reflected off the wall, whereby a listener feels a
stereo feeling. Since sounds in the low frequency range
are emitted with a small amount of spatial impression in
audibility, even when the listener listens to the sounds
as if the sounds are made near the wall surface, the user
(the listener) feels little discomfort. In contrast, the middle
frequency range contains human speaking voices and
human singing voices, and when sounds in the middle
frequency range are reflected off the wall surface, the
sounds are attenuated greatly and thereby muffled, re-
sulting in lowered clarity. To solve this problem, the
speaker device 301 extracts components of the middle
frequency range from sounds in the left and right chan-
nels and emits sounds in the middle frequency range
from the speaker unit 511C oriented upward. Although
the speaker unit 511C is oriented upward, the emitted
sounds in the middle frequency range are well propagat-
ed frontward by the head piece 310 provided on the upper
side of the speaker unit 511C. As a result, the user can
clearly listen to the sounds in the low through high fre-
quency ranges without discomfort.

[0075] The electronic circuit 315 is disposed in the cir-
cuitbox 332 of the housing 311. Fig. 14 is a block diagram
illustrating a main portion of the electronic circuit 315.
The electronic circuit 315 includes a controller 350, the
signal processor 501, an audio amplifier 502, an input
selector 353, a Bluetooth (registered trademark) commu-
nication circuit 354, and a cable connector 355.

[0076] Thecontroller350is constituted by a microcom-
puter. A light receiving circuit 340 is connected to the
controller 350, and this light receiving circuit 340 receives
an infrared signal transmitted from an infrared remote
control, not shown. The light receiving circuit 340 con-
verts the received infrared signal to an electronic signal
and inputs it to the controller 350. Based on the signals
received from the light receiving circuit 340, the controller
350 selects an input signal in the input selector 353, ad-
justs sound quality in the signal processor 351, adjusts
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a sound volume in the audio amplifier 352, turns on and
off the Bluetooth communication circuit 354, and sets a
password, for example.

[0077] The signal processor 501 is similar in configu-
ration to the signal processor illustrated in Fig. 11. That
is, the signal processor 501 adjusts sound quality of an
audio signal (a two-channel stereo signal) input from the
input selector 353. Also, the signal processor 501 ex-
tracts components in the middle frequency range, from
signals in the right and left channels, and synthesizes
the extracted components to output the obtained signal
as an audio signal in a third channel (i.e., a center chan-
nel). The speaker driving portion 502 is similar in config-
uration to the speaker driving portion illustrated in Fig.
11. That is, the speaker driving portion 502 includes am-
plifiers 526L, 526R and an amplifier 529 for three chan-
nels which respectively amplify audio signals in the left
channel, the right channel, and the middle frequency
range. The speaker driving portion 502 outputs each of
the amplified signals to a corresponding one of the speak-
er units 510L, 510R and the speaker unit 511C.

[0078] As illustrated in Fig. 13, in the case where the
speaker device 301 is placed in a state in which its back
surface faces the wall of the room, the sounds emitted
from the speaker units 510L, 510R are reflected off the
wall surface (principally in the high frequency range). As
aresult, even the sounds emitted from the slim housing
echo with spatial impression. In this case, if the sounds
contain sounds in the middle frequency range, the
sounds become unclear due to the reflection against the
wall surface. In the present application, however, the
sounds in the middle frequency range are emitted front-
ward from the speaker unit 511C. Thus, sounds in the
left and right channels echo clearly in all the frequency
ranges with spatial impression. Also, no speaker unit or
no speaker grille is provided on the front surface of the
housing 311, resulting in increase in flexibility in design
for the front surface. Also, sounds in adjacent frequency
ranges are not emitted from one speaker unit, enabling
gain adjustment for the high frequency range, the middle
frequency range, and the low frequency range independ-
ently of each other.

[0079] Itis noted that the shape of the housing 311 of
the speaker device 301 is not limited to the quadrangular-
pyramidal trapezoid shape and may be a column shape
such as a conical trapezoid shape, a circular cylindrical
shape, and a prism shape. The elements in the present
embodiment may be modified, without departing from the
spirit of the present invention. The speaker unit 511C
emits the sounds upward in the fourth embodiment, but
the present invention is not limited to this construction.
For example, the speaker unit 511C may be configured
to emit the sounds frontward as in the second and third
embodiments. That is, the speaker device 301 may in-
clude: a first filter configured to take at least a signal in
a component of the middle frequency range containing
a human voice, out of an audible frequency range of the
sound signal; a second filter configured to take, out of
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the audible frequency range of the sound signal, a signal
in a component of the low frequency range and a signal
in a component of the high frequency range, other than
the signal in the component of the middle frequency
range; a second speaker unit configured to emitthe signal
output from the first filter and a first speaker unit config-
ured to emit the signal output from the second filter.

EXPLANATION OF REFERENCE NUMERALS

[0080] 1: Speaker Device, 10: Head Piece, 11: Hous-
ing, 15: Electronic Circuit, 20, 21, 22: Speaker Unit, 30:
Middle-frequency-range Speaker Box, 31: Stereo
Speaker Box, 32: Circuit Box, 105: Reflector, 301, 500,
505: Speaker Device, 310: Head Piece, 311: Housing,
315: Electronic Circuit, 320, 321, 322: Speaker Unit, 330:
Middle-frequency-range Speaker Box, 331: Stereo
Speaker Box, 332: Circuit Box, 501: Signal Processor,
502: Speaker Driving Portion

Claims
1. A speaker device, comprising:

a housing comprising a back surface formed
with an opening, and an upper surface formed
with an opening;

at least one first speaker unit disposed in the
opening of the back surface;

atleast one second speaker unit disposed in the
opening of the upper surface; and

an electronic circuit configured to supply a sound
signal to the at least one first speaker unit and
supply, to the at least one second speaker unit,
a partial signal in frequencies of a part of a fre-
quency range of the sound signal.

2. The speaker device according to claim 1, further
comprising a reflector disposed on an upper side of
the at least one second speaker unit and configured
to reflect a sound emitted from the at least one sec-
ond speaker unit, toward a front side of the housing.

3. Thespeakerdevice according to claim 1 or 2, where-
in the electronic circuit is configured to supply, to the
atleast one second speaker unit, a signal in frequen-
cies of a middle frequency range of the frequency
range of the sound signal.

4. The speaker device according to any one of claims
1 through 3, wherein the housing is divided into a
plurality of layers at least comprising: an upper layer
box comprising the opening of the upper surface and
accommodating the at least one second speaker
unit; a middle layer box comprising the opening of
the back surface and accommodating the at least
one first speaker unit; and a lower layer box accom-
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10

modating the electronic circuit.

The speaker device according to any one of claims
1 through 4,

wherein the at least one first speaker unit comprises
a plurality of speaker units to each of which a sound
signal of corresponding at least one of a plurality of
channels is to be supplied, and

wherein the electronic circuit is configured to supply,
to the at least one second speaker unit, a signal ob-
tained by extracting the partial signal from the sound
signal in each of the plurality of channels and syn-
thesizing the extracted signals.

The speaker device according to any one of claims
1 through 5, further comprising:

a first filter configured to take at least a signal in
frequencies of a middle frequency range con-
taining a human voice, out of an audible frequen-
cy range of the sound signal; and

a second filter configured to take a signal in fre-
quencies of each of a low frequency range and
a high frequency range, out of the audible fre-
quency range of the sound signal, wherein the
signal in the frequencies of each of the low fre-
quency range and the high frequency range is
different from the signal in the frequencies of the
middle frequency range,

wherein the signal output from the first filter is
output to the at least one second speaker unit,
and

wherein the signal output from the second filter
is output to the at least one first speaker unit.

The speaker device according to claim 6,

wherein the at least one second speaker unit is a
middle-frequency-range speaker with a reduced
sound emission characteristic of the low frequency
range, and

wherein the first filter is a low-pass filter configured
to take a signal in frequencies of a frequency range
which is less than or equal to the middle frequency
range, and the frequencies of the frequency range
which is less than or equal to the middle frequency
range contains frequencies of the low frequency
range.

The speaker device according to claim 6 or 7,
wherein the sound signal is a stereo signal in right
and left channels,

wherein each of right and left first speaker units as
the at least one first speaker unit is configured such
that a signal in a corresponding one of the left and
right channels is input to said each of right and left
first speaker units, and

wherein a signal obtained by synthesizing the right
and left channels is input to one second speaker unit
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as the at least one second speaker unit.
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