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fine adjustment only to the coefficients of the multipliers 172-1
to 172-n+1. In this case, also cancellation of a voice
component is limited by diminishing a noise reduction effect
with no adjustments or a fine adjustment only in the noise
reduction process.

The subtracter 175 subtracts the pseudo-noise signal 183
from the voice signal 181 to generate a low-noise signal 184
that is then output to the output signal selector 176. The
low-noise signal 184 is also output to the adaptive coefficient
adjuster 174, as a feedback signal 185.

The output signal selector 176 selects either the voice
signal 181 or the low-noise signal 184, as the ocutput signal 128,
in accordance with the control signal 127 {for example, the
phase difference information 126) output from the adaptive
filter controller 117. 1In detail, when there is almost no phase
difference between two signals of the sound pick-up signals 111
to 113 (the two signals corresponding to the voice signal 181
and the noise-dominated signal 182), the output signal selector
176 outputs the voice signal 181 as the output signal 128, with
no noise reduction. On the other hand, when the phase
difference between the two signals discussed above is equal to
or larger than a specific threshold value, the output signal
selector 176 outputs the low-noise signal 184 as the output
signal 128.

Next, the operation of the noise reduction apparatus 3
(FIG. 11) will be explained with reference to FIG. 16 that is a
flowchart showing the operation.

One requirement in this operation is that the sound
pick-up signal selection information 125 and the phase
difference information 126 generated by the signal decider 116
are updated when it is certain that a sound picked up by the
main microphone 101 is a speech segment, or the speech
segment determiner 115 detects a speech segment.

Under the requirement discussed above, the sound
pick-up signal selection information 125 and the phase
difference information 126 are initialized to a predetermined
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initial value (step S51). The initial value is a parameter to be
set to equipment having the noise reduction apparatus 3
installed therein, when the equipment is used in an appropriate
mode (with the microphones 101, 102 and 103 at an
appropriate position when used}, for example.

Then, it is determined by the speech segment determiner
115 whether a sound picked up by the main microphone 101 is
a speech segment (step 552). High accuracy of speech
segment determination is achieved with stricter requirement,
such as, higher or larger threshold levels or values in the
speech segment determination technique I or II described
above.

When a speech segment is detected by the speech
segment determiner 115 (YES in step 553), the speech segment
information 123 and 124 are supplied to the signal decider 116
and the adaptive filter contrecller 117, respectively. Then, the
sound pick-up signal selection information 125 and the phase
difference information 126 are acquired by the signal decider
116 (step S54). The sound pick-up signal selection information
125 and the phase difference information 126 can be acquired
as explained with reference to FIGS. 13 and i4. Then, the
sound pick-up signal selection information 125 and the phase
difference information 126 to be included in the control signal
127 are updated by the adaptive filter controller 117 to newly
acquired information (step S55),.

On the other hand, when no speech segment is detected
by the speech segment determiner 115 {(NO in step S53), the
sound pick-up signal selection information 125 and the phase
difference information 126 are not updated.

Following to step S53 or 555, a voice signal and a
noise-dominated signal are selected from among the sound
pick-up signals 111 to 113 at the selector 117 of the adaptive
filter 118 based on the sound pick-up signal selection
information 125 (556). Then, the noise reduction process is
performed by the adaptive filter 18 using the voice signal and
the noise-dominated signal that are two signals selected from
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among the sound pick-up signals 111 to 113 (step S57).

Following to step S57, it is checked whether a sound (a
voice or noise sound) is being picked up by any of the main
microphone 101, the sub-microphone 102 and the
sub-microphone 103 (step $58). When a sound is being picked
up (YES in step S58), the process returns to step S52 to repeat
this and the following steps. On the other hand, when any
sound is not being picked up (NO in step $58), the operation of
the noise reduction apparatus 3 (with the noise reduction
process) is finished.

As described above, in the second embodiment, the
speech segment determiners 115 of the noise reduction
apparatus 3 can detect a speech segment even if there is a high
level of noise, as described above. Then, when a speech
segment is detected only, the signal decider 116 decides two
signals to be used in the noise reduction process from among
the sound pick-up signals 111 to 113 and updates the phase
difference information on the two sound pick-up signals. Thus,
the signal decider 116 can reduce the amount of information for
processing. Moreover, the signal decider 116 updates the
phase difference information and also the sound pick-up signal
selection information only when a speech segment is detected.
Thus, highly reliable phase difference information and sound
pick-up signal selection information can be acquired.
Furthermore, in the second embodiment, two sound pick-up
signals most appropriate for the noise reduction process are
selected from among a plurality of sound pick-up signals. Thus,
accurate noise reduction can be performed in a variety of
environments.

As described above in detail, the second embodiment of
the present invention offers a noise reduction apparatus, an
audio input apparatus, a wireless communication apparatus, and
a noise reduction method that can reduce a noise component
carried by a voice signal in a variety of environments.

[Embodiment 3]

FIG. 17 is a block diagram schematically showing the
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configuration of a noise reduction apparatus 4 according to a
third embodiment of the present invention.

The noise reduction apparatus 4 shown in FIG. 17 is
provided with a main microphone 201, sub-microphones 202
and 203, A/D converters 204, 205 and 206, a speech segment
determiner 215, a signal decider 216, an adaptive filter
controller 217, and an adaptive filter 218.

The noise reduction apparatus 4 according to the third
embodiment is different from the noise reduction apparatus 2
(FIG. 11) according to the second embodiment in the following
two points. The first is that, in addition to a sound pick-up
signal 211 obtained based on a sound picked up by the main
microphone 201, sound pick-up signals 212 and 213 obtained
based on sounds picked up by the sub-microphones 202 and
203 are supplied to the speech segment determiner 215. The
second is that sound pick-up signal selection information 223 is
supplied to the speech segment determiner 215.

The main microphone 201, the sub-microphones 202 and
203, and the A/D converters 204, 205 and 206 shown in FIG. 17
are identical to the main microphone 101, the sub-microphones
102 and 103, and the A/D converters 104, 105 and 106,
respectively, shown in FIG. 11, hence the explanation thereof
being omitted for brevity.

In FIG. 17, the sound pick-up signals 211, 212 and 123
orutput from the A/D converters 204, 205 and 206, respectively,
are supplied to the speech segment determiner 215, the signal
decider 216 and the adaptive filter 218.

The signal decider 216 decides one of the sound pick-up
signals 211, 212 and 123 as a sound pick-up signal to be used
for speech segment determination at the speech segment
determiner 215. Then, the signal decider 216 outputs
information on a sound pick-up signal to be used for speech
segment determination as sound pick-up signal selection
information 223 to the speech segment determiner 215. It is
presumed that, while a voice sound is being input to the noise
reduction apparatus 4, the phase of a sound pick-up signal
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carrying the voice component is most advanced among a
plurality of sound pick-up signals. Under the presumption, the
signal decider 216 decides one of the sound pick-up signals 211,
212 and 123 having the most advanced phase as a sound
pick-up signal to be used for speech segment determination.

The signal decider 216 shown in FIG. 17 is identical to
the signal decider 116 shown in FIG. 12, except for outputting
the sound pick-up signal selection information 223 to the speech
segment determiner 215.

The operation of the signal decider 216 is identical to the
signal decider 116 explained with respect to the flowcharts of
FIGS. 13 and 14, except for that a sound pick-up signal decided
as a voice signal in step S45, S46 or S47 of FIG. 14 is used in
speech segment determination. Maoreover, through step S45,
S46 or $47, the signal decider 216 decides two sound pick-up
signals from among the sound pick-up signals 211, 212 and 213
as signals to be used in the noise reduction process. Then, the
signal decider 216 acquires sound pick-up signal selection
information 225 on the decided two sound pick-up signals for
use in noise reduction and phase difference information 226 on
the phase difference between the two sound pick-up signals.
The signal selection information 225 and the phase difference
information 226 are supplied to the adaptive filter controller
217.

The speech segment determiner 215 determines whether
or not a sound picked up by the main microphone 201 or the
sub-microphone 202, or the sub-microphone 203 is a speech
segment (voice component) based on the sound pick-up signal
211 or 212, or 213 that is indicated by the sound pick-up signal
selection information 223 output from the signal decider 216.
When it is determined that a sound picked up one of the main
microphone 201, the sub-microphone 202 and the
sub-microphone 203 is a speech segment, the speech segment
determiner 215 outputs speech segment information 224 to the
adaptive filter controller 217.

The speech segment determiner 215 can use any
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appropriate technique, such as, the speech segment
determination technique I or II, especially when the noise
reduction apparatus 4 is used in an environment of high noise
level, like the first embodiment described above.

The adaptive filter controller 217 decides sound pick-up
signal selection information 225 and phase difference
information 226 to be used for control of the adaptive filter 218
in accordance with the speech segment information 224 output
from the speech segment determiner 215.

To the adaptive filter controller 217, sound pick-up signal
selection information 225 and phase difference information 226
are supplied at specific intervals, including information 225 and
226 acquired while a speech segment is being detected and
other information 225 and 226 acquired while a non-speech
segment is being detected. The sound pick-up signal selection
information 225 and phase difference information 226 acquired
while a speech segment is being detected are highly accurate
information. On the other hand, the sound pick-up signal
selection information 225 and phase difference information 226
acquired while a non-speech segment is being detected are not
s0 accurate information.

Therefore, the adaptive filter controller 217 decides the
highly accurate sound pick-up signal selection information 225
and phase difference information 226 in accordance with the
speech segment information 224 output from the speech
segment determiner 215 as the information 225 and 226 to be
used for contro!l of the adaptive filter 218 for accurate noise
reduction.

In this operation, the speech segment information 224 is
output to the adaptive filter controller 217 after the speech
segment determination performed by the speech segment
determiner 215 when given the sound pick-up signal selection
information 223 from the signal decider 216. Therefore, the
timing at which the sound pick-up signal selection information
225 and the phase difference information 226 are supplied to
the adaptive filter controller 217 is earlier than the timing at
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which the speech segment information 224 is output to the
adaptive filter controller 217.

In order to adjust the timing difference, the adaptive
filter controller 217 may be equipped with a buffer that
temporarily holds the sound pick-up signal selection information
225 and the phase difference information 226 so that these
information 225 and 226 are output to the adaptive filter
controller 217 at the same timing as the speech segment
information 224.

The adaptive filter controller 217 generates a control
signal 227 for control of the adaptive filter 228 based on the
speech segment information 224 output from the speech
segment determiner 215, the sound pick-up signal selection
information 225 on two sound pick-up signals to be used for
noise reduction and the phase difference information 226 on the
two sound pick-up signails. The generated control signal 227
carries the speech segment information 224, the sound pick-up
signal selection information 225 and the phase difference
information 226, which is then output to the adaptive filter 218.

The adaptive filter 218 generates a low-noise signal using
two sound pick-up signals selected from among the sound
pick-up signals 211, 212 and 213 supplied from the A/D
converters 204, 205 and 206, respectively, and outputs a
low-noise signal as an output signal 228, The two sound
pick-up signals selected from among the sound. pick-up signals
211, 212 and 213 are those decided by the signal decider 216
for use in noise reduction.

In detail, in order to reduce a noise component carried by
a voice signal, using a noise-dominated signal, the adaptive
filter 218 generates a pseudo-noise component that is highly
likely carried by the voice signal if it is a real noise component,
and subtracts the pseudo-noise component from the voice signal
for noise reduction.

The adaptive filter controller 217 and the adaptive filter
218 shown in FIG. 17 are identical to the adaptive filter
controller 117 and the adaptive filter 118, respectively, shown in
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FIG. 11, hence the explanation thereof being omitted for
brevity.

Next, the operation of the noise reduction apparatus 4
will be explained with reference to FIG. 18 that is a flowchart
showing the operation.

One requirement in this operation is that the sound
pick-up signal selection information 225 and the phase
difference information 226 generated by the signal decider 216
are updated when it is certain that a sound picked up by one of
the microphone 201, 202 and 203 is a speech segment, or the
speech segment determiner 215 detects a speech segment.

Under the requirement discussed above, the sound
pick-up signal selection information 225 and the phase
difference information 226 are initialized to a predetermined
initial value (step S61). The initial value is a parameter to be
set to equipment having the noise reduction apparatus 4
installed therein, when the equipment is used in an appropriate
mode (with the microphones 201, 202 and 203 at an
appropriate position when used), for example.

Next, the sound pick-up signal selection information 223
and 225, and the phase difference information 226 are acquired
by the signal decider 216 using the sound pick-up signals 211 to
213 (step S62). In this step, the sound pick-up signal selection
information 223 on a sound pick-up signal to be used for speech
segment determination is supplied to the speech segment
determiner 215. Also in this step, the sound pick-up signal
selection information 225 on two sound pick-up signals to be
used for noise reduction and the phase difference information
226 on the two sound pick-up signals are supplied to the
adaptive filter controller 217,

Then, speech segment determination is performed by the
speech segment determiner 215 using a sound pick-up signal
indicated by the sound pick-up signal selection information 223
(step S63). If a speech segment is detected (YES in step S64),
the speech segment 224 is supplied to the adaptive filter
controller 217. Then, the sound pick-up signal selection
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information 225 and the phase difference information 226 are
updated by the adaptive filter controller 217 to the information
225 and 226 acquired at the timing at which a speech segment
is detected (step S$65). On the other hand, if a speech
segment is not detected (NO in step S64), no update is made to
the sound pick-up signal selection information 225 and the
phase difference information 226.

Following to step S64 or S65, a voice signal to be
subjected to noise reduction and a noise-dominated signal for
use in the noise reduction are selected from among the socund
pick-up signals 111 to 113 at the selector 177 of the adaptive
filter 218 based on the sound pick-up signal selection
information 225 (566). Then, the noise reduction process is
performed by the adaptive filter 218 using the voice signal and
the noise-dominated signal that are two signals selected from
among the sound pick-up signals 111 to 113 (step S67).

Following to step S67, it is checked whether a sound (a
voice or noise sound) is being picked up by any of the main
microphone 201, the sub-microphone 202 and the
sub-microphone 203 (step S68). When a sound is being picked
up (YES in step S68), the process returns to step 562 to repeat
this and the following steps. On the other hand, when any
sound is not being picked up (NO in step $68), the operation of
the noise reduction apparatus 4 (with the noise reduction
process) is finished. -

The difference between the second embodiment and the
third embodiment will be discussed hereinbelow.

In the noise reduction apparatus 3 according to the
second embodiment shown in FIG. 11, the sound pick-up signal
111 obtained based on a sound picked up by the main
microphone 101 is used for speech segment determination at
the speech segment determiner 115. The second embodiment
is preferable in the case where the sound pick-up signal 111
mainly carries a voice component. This is based on a
precondition that a user speaks into the main microphone 101
with an appropriate distance in a stable condition.
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The second embodiment is advantageous in that: it is
enough for the speech segment determiner 115 to perform
speech segment determination only for the sound pick-up signal
111 obtained based on a sound picked up by the main
microphone 101; and it is enough for the signal decider 116 to
acquire the sound pick-up signal selection information 125 and
the phase difference information 126 only when a speech
segment id detected, thus reducing signal processing load.

As discussed above, it is a precondition of the second
embodiment that a user speaks into the main microphone 101
with an appropriate distance in a stable condition. However, for
equipment having a noise reduction apparatus, it may happen
that a user does not speak into the main microphone 101 with
an appropriate distance in a stable condition. In this case, it
could happen that a sub-microphone picks up more voice
sounds than a main microphone.

Different from the second embodiment, the noise
reduction apparatus 4 according to the third embodiment shown
in FIG. 17 has the following features. In detail, the signal
decider 216 decides a sound pick-up signal to be used for
speech segment determination at the speech segment
determiner 215 from among the sound pick-up signals 211 to
213. Then, the speech segment determiner 215 performs
speech segment determination using a sound pick-up signal
decided by the signal decider 216. Another feature is that the
adaptive filter controller 217 controls the adaptive filter 218
using the sound pick-up signal selection information 225 and
phase difference information 226 acquired at the timing at
which the speech segment determiner 215 detects a speech
segment.

Therefore, the third embodiment is advantageous in that:
using one of a plurality of sound pick-up signals, the speech
segment determination can be performed accurately even if a
noise level is high; and using two of a plurality of sound pick-up
signals, accurate noise reduction can be performed even if
equipment having the noise reduction apparatus 4 is used in an
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environment of high noise level.

As described above in detail, the third embodiment of the
present invention offers a noise reduction apparatus, an audio
input apparatus, a wireless communication apparatus, and a
noise reduction method that can reduce a noise component
carried by a voice signal in a variety of environments.

[Embodiment 4] '

Explained next is an application of a noise reduction
apparatus (according to the embodiment 2 or 3, for example)
equipped with at least three microphones to an audio input
apparatus according to the present invention.

FIG. 19 is a schematic illustration of an audio input
apparatus 700 having the noise reduction apparatus 3 or 4
installed therein, with views (a) and (b) showing the front and
rear faces of the audio input apparatus 700, respectively.

As shown in FIG. 19, the audio input apparatus 700 is
detachably connected to a wireless communication apparatus 710.
The wireless communication apparatus 710 is an ordinary wireless
communication apparatus for use in wireless communication at a
specific frequency.

The audio input apparatus 700 has a main body 701
equipped with a cord 702 and a connector 703. The main body
701 is formed having a specific size and shape so that a user can
grab it with no difficulty. The main body 701 houses several types
of parts, such as, a microphone, a speaker, an electronic circuit,
and the noise reduction apparatus 3 or 4 of the present invention.

As shown in the view (a) of FIG. 19, a main microphone
705 and a speaker 706 are provided on the front face of the main
body 701. Provided on the rear face of the main body 701 are a
belt clip 707 and sub-microphones 711 and 712, as shown in the
view (b) of FIG. 19. Provided at the top and the side of the main
body 701 are an LED 709 and a PTT (Push To Talk) unit 704,
respectively. The LED 709 informs a user of the user's voice
pick-up state detected by the audio input apparatus 700. The PTT
unit 704 has a switch that is pushed into the main body 701 to
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switch the wireless communication apparatus 710 into a speech
transmission state.

The noise reduction apparatus 3 (FIG. 11) according to the
second embodiment can be installed in the audio input apparatus
700. In this case, the main microphone 101 of the noise reduction
apparatus 3 corresponds to the main microphone 705 shown in the
view (a) of FIG. 19. Moreover, the sub-microphones 102 and 103
of the noise reduction apparatus 3 correspond to the
sub-microphones 711 and 712, respectively, shown in the view {(b)
of FIG. 19.

The output signal 128 (FIG. 11) output from the noise
reduction apparatus 3 is supplied from the audio input apparatus
700 to the wireless communication apparatus 710 through the cord
702. The wireless communication apparatus 710 can transmit a
low-noise voice sound to another wireless communication
apparatus when the output signal 128 supplied thereto is a signal
output after the noise reduction process (step S57 in FIG. 16) is
performed. The same is applied to the noise reduction apparatus
4 shown in FIG. 17 according to the third embodiment.

In the audio input apparatus 700 according to the fourth
embodiment, as shown in the view (a) of FIG. 19, the main
microphone (a first microphone) 705 is provided on the front
face (a first face) of the main body 701. On the other hand,
the sub-microphones (a2 second and a third microphone) 711
and 712 are provided on the rear face (a second face) of the
main body 701, as shown in the view (b) of FIG. 19.

FIG. 20 is a view showing the arrangement of the
sub-microphones 711 and 712 on the rear face of the audio
input apparatus 700 according to the fourth embodiment.

In the audio input apparatus 700 according to the fourth
embodiment, as shown in FIG. 20, the sub-microphones 711
and 712 are provided on the rear face (the second face) that is
apart from the front face (the first face) with a specific distance,
asymmetrically with respect to a center line 721 on the rear
face with a specific distance d1. The distance d1 may be in the
range from about 3 c¢cm to 7 cm, for example. The distance
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between the front face (the first face) and the rear face (the
second face) of the audio input apparatus 700 may be in the
range from about 2 cm to 4 cm, for example.

The sub-microphones 711 and 712 are required to be
provided on the rear face (the second face) asymmetrically with
respect to the center line 721 with the specific distance d1 so
that both of the sub-microphones 711 and 712 cannot be
covered with a user's hand when the user holds the audio input
apparatus 700. The arrangement of the sub-microphones 711
and 712 achieves highly accurate noise reduction by the noise
reduction apparatus 3 or 4 using at Ileast either the
sub-microphone 711 or 712.

Moreover, the sub-microphones 711 and 712 may be
provided on the rear face of the audio input apparatus 700 with
an angle a between the center line 721 and a line 722 that
connects the sub-microphones 711 and 712. The angle a may
be set to be a value that satisfies an expression tangent a = a/b
where a and b are two sides (lines 731 and 733) of a rectangle
735 that can be formed on the rear face of the audio input
apparatus 700 as large as possible. When the rectangle is a
square, the angle a is about 45 degrees. The angle a becomes
smaller as two opposite sides of the rectangle become longer
than the other two opposite sides like an oblong on the rear
face of the audio input apparatus 700.

Furthermore, the sub-microphones 711 and 712 may be
provided on a diagonal of the rectangle 735 on the rear face of
the audio input apparatus 700, that is formed of two lines 731
and 732 that intersect with the center line 721 and other two
lines 733 and 734 arranged on both sides of the center line 721
symmetrically. The arrangement of the sub-microphones 711
and 712 on a diagonal of a rectangle on the rear face of the
audio input apparatus 700 allows the selection of a
noise-dominant signal that can be effectively used in the noise
reduction process even if noise sounds come from several
directions.

[Embodiment 5]
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Explained next is another application of a noise reduction
apparatus (according to the embodiment 2 or 3, for example)
equipped with at least three microphones to a wireless
communication apparatus (a transceiver, for example) according
to the present invention.

FIG. 21 is a schematic illustration of a wireless
communication apparatus 800 having a reduction apparatus
equipped with at least three microphones installed therein, with
views (a) and (b) showing the front and rear faces of the
wireless communication apparatus 800, respectively.

The wireless communication apparatus 800 is equipped
with input buttons 801, a display screen 802, a speaker 803, a
main microphone 804, a PTT (Push To Talk) unit 805, a switch
806, an antenna 807, a cover 809, and sub-microphones 811
and 812.

The noise reduction apparatus 3 (FIG. 11) according to the
second embodiment can be installed in the wireless communication
apparatus 800. In this case, the main microphone 101 of the
noise reduction apparatus 3 corresponds to the main microphone
804 shown in the view (a) of FIG. 21. Moreover, the
sub-microphones 102 and 103 of the noise reduction apparatus 3
correspond to the sub-microphones 811 and 812, respectively,
shown in the view (b) of FIG. 21.

The output signal 128 (FIG. 11) output from the noise
reduction apparatus 1 undergoes a high-frequency process by an
internal circuit of the wireless communication apparatus 800 and is
transmitted via the antenna 807 to another wireless
communication apparatus. The wireless communication apparatus
800 can transmit a low-noise voice sound to another wireless
communication apparatus when the output signal 128 supplied
thereto is a signal output after the noise reduction process (step
S57 in FIG. 16) is performed. The same is applied to the noise
reduction apparatus 4 shown in FIG. 17 according to the third
embodiment.

In the wireless communication apparatus 800 according to
the fifth embodiment, as shown in the view (a) of FIG. 21, the
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main microphone (a first microphone) 804 is provided on the front
face (a first face) of the wireless communication apparatus 800.

On the other hand, as shown in the view (b) of FIG. 21, the
sub-microphones (a second and a third microphone) 811 and 812
are provided on the rear face (a second face) of the wireless
communication apparatus 800, asymmetrically with respect to a
center line (not shown) on the rear face with a specific distance d2,
in the similar manner for the sub-microphones 711 and 712, as
shown in FIG. 20. The distance d2 may be in the range from
about 3 cm to 7 cm, for example. The distance between the front
face (the first face) and the rear face (the second face) of the
wireless communication apparatus 800 may be in the range from
about 2 cm to 4 cm, for example.

The sub-microphones 811 and 812 are required to be
provided on the rear face (the second face) asymmetrically with
respect to a center line (not shown) on the rear face with the
specific distance d2 so that both of the sub-microphones 811
and 812 cannot be covered with a user's hand when the user
holds the wireless communication apparatus 800. The
arrangement of the sub-microphones 811 and 812 achieves
highly accurate noise reduction by the noise reduction apparatus
3 or 4 using at least either the sub-microphone 811 or 812,

Moreover, the sub-microphones 811 and 812 may be
provided on the rear face of the wireless communication
apparatus 800 with an angle a between a center line (not
shown) and a line 722 that connects the sub-microphones 711
and 712. The center line (not shown) lies on the rear face of
the wireless communication apparatus 800 between the top and
bottom sides and passes through the center of a line that
connects the sub-microphones 811 and 812 with the distance d2.
The angle a may be set to be a value that satisfies an
expression tangent a = a/b where a and b are two sides of a
rectangle that can be formed on the rear face of the wireless
communication apparatus 800 as large as possible. When the
rectangle is a square, the angle a is about 45 degrees. The
angle a becomes smaller as two opposite sides of the rectangle
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become longer than the other two opposite sides like an oblong
on the rear face of the wireless communication apparatus 800.

Furthermore, the sub-microphones 811 and 812 may be
provided on the rear face on a diagonal of a rectangle that is
formed of two parallel lines that intersect with the center line
described above and other two parallel lines arranged on both
sides of the center Iline. The arrangement of the
sub-microphones 811 and 812 on a diagonal of a rectangle on
the rear face of the wireless communication apparatus 800
allows the selection of a noise-dominant signal that can be
effectively used in the noise reduction process even if noise
sounds come from several directions.

As described above in detail with several embodiments, it
is preferable that a noise reduction apparatus includes: a signal
decider configured to decide a first sound pick-up signal and a
second sound pick-up signal to be used for reducing a noise
component carried by the first sound pick-up signal, from
among a plurality of sound pick-up signals obtained based on
sounds picked up by a plurality of microphones, based on phase
difference information on the plurality of sound pick-up signals;
and an adaptive filter configured to reduce the noise component
carried by the first sound pick-up signal using the second sound
pick-up signal.

It is preferable for the noise reduction apparatus to include
a speech segment determiner configured to determine whether or
not a sound picked up by one of the plurality of microphones is a
speech segment based on a sound pick-up, signal obtained based
on the socund picked up by the one of the plurality of microphones.
In this case, it is preferable for the signal decider to decide the first
and second sound pick-up signals from among the plurality of
sound pick-up signals when it is determined that the sound picked
up by the one of the plurality of microphones is the speech
segment.

It is preferable for the noise reduction apparatus fto
include a speech segment determiner configured to determine
whether or not a sound picked up by one of the plurality of
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microphones is a speech segment based on the first sound
pick-up signal decided by the signal decider. In this case, it is
preferable for the adaptive filter to reduce a noise component
carried by the first sound pick-up signal using the second sound
pick-up signal when it is determined that the sound picked up
by one of the plurality of microphones is the speech segment.

It is also preferable for the signal decider to decide a
sound pick-up signal having the most advanced phase among
the plurality of sound pick-up signals as the first sound pick-up
signal and a sound pick-up signal having the most delayed
phase among the plurality of sound pick-up signals as the
second sound pick-up signal to be used for reducing a noise
component carried by the first sound pick-up signal.

Moreover, it is preferable for the signal decider to decide
a sound pick-up signal having the most delayed phase among
the plurality of socund pick-up signals and having a power that is
larger than a predetermined value as the second sound pick-up
signal to be used for reducing a noise component carried by the
first sound pick-up signal.

Moreover, there is a case where a sound pick-up signal
having the most delayed phase among the plurality of sound
pick-up signals has a power equal to or smaller than a
predetermined value. In this case, it is preferable for the
signal decider to decide a specific sound pick-up signal as the
second sound pick-up signal to be used for reducing a noise
component carried by the first sound pick-up signal, a phase of
the specific sound pick-up signal being delayed next to the most
delayed phase among the plurality of sound pick-up signal.

Moreover, there is a case where each phase difference
between sound pick-up signals among the plurality of sound
pick-up signals is within a predetermined range except for the
first sound pick-up signal. In this case, it is preferable for the
signal decider to decide a specific sound pick-up signal as the
second sound pick-up signal to be used for reducing a noise
component carried by the first sound pick-up signal, a power of
the specific sound pick-up signal being the largest among the
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plurality of sound pick-up signals except for the first sound
pick-up signal.

Furthermore, it is preferable for the noise reduction
apparatus that the plurality of microphones includes one main
microphone that picks up a sound mainly including a voice
component and a plurality of sub-microphcnes that pick up a
sound mainly including a noise component.

When there are one main microphone and a plurality of
sub-microphones, there is a case where a phase of a specific
sound pick-up signal obtained based on a sound picked up by a
specific sub-microphone among the plurality of sub-microphones
(the phase of the specific sound pick-up signal being most
advanced among phases of sound pick-up signals obtained
based on sounds picked up by the plurality of sub-microphones)
is more advanced than a phase of a sound pick-up signal
obtained based on a sound picked up by the main microphone.
In this case, it is preferable for the signal decider toc decide the
specific sound pick-up signal as the first sound pick-up signal to
be subjected to reduction of a noise component.

Also when there are one main microphone and a plurality
of sub-microphones, there is a case where a phase of a specific
sound pick-up signal obtained based on a sound picked up by a
specific sub-microphone among the plurality of sub-microphones
(the phase of the specific sound pick-up signal being most
delayed among phases of sound pick-up signals obtained based
on sounds picked up by the plurality of sub-microphones) is
more delayed than a phase of a sound pick-up signal obtained
based on a socund picked up by the main microphone. 1In this
case, it is preferable for the signal decider to decide the specific
sound pick-up signal as the second sound pick-up signal to be
used for reducing a noise component carried by the first sound
pick-up signal.

It is preferable for the ncise reduction apparatus that
signals are supplied to the signal decider as the plurality of
sound pick-up signals at a sampling frequency of 24 KHz or
higher and signals are supplied to the adaptive filter as the
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plurality of sound pick-up signals at a sampling frequency of 12
KHz or lower.

Moreover, it is preferable that an audio input apparatus
includes: a first face and an opposite second face that is apart
from the first face with a specific distance; a plurality of
microphones among which a first microphone is provided on the
first face, and a second microphone and a third microphone are
provided on the second face asymmetrically with respect to a
center line on the second face; a signal decider configured to
decide a first sound pick-up signal and a second sound pick-up
signal to be used for reducing a noise component carried by the
first sound pick-up signal, from among a plurality of sound
pick-up signals obtained based on sounds picked up by the
plurality of microphones, based on phase difference information
on the plurality of sound pick-up signals; and an adaptive filter
configured to reduce a noise component carried by the first
sound pick-up signal using the second sound pick-up signal.

it is also preferable that a wireless communication
apparatus includes: a first face and an opposite second face that
is apart from the first face with a specific distance; a plurality of
microphones among which a first microphone is provided on the
first face, and a second microphone and a third microphone are
provided on the second face asymmetrically with respect to a
center line on the second face; a signal decider configured to
decide a first sound pick-up signal and a second sound pick-up
signal to be used for reducing a noise component carried by the
first sound pick-up signal, from among a plurality of sound
pick-up signals obtained based on sounds picked up by the
plurality of microphones, based on phase difference information
on the plurality of sound pick-up signals; and an adaptive filter
configured to reduce a noise component carried by the first
sound pick-up signal using the second sound pick-up signal.

Furthermore, it is preferable that a noise reduction
method includes the steps of: deciding a first sound pick-up
signal and a second sound pick-up signal to be used for
reducing a noise component carried by the first sound pick-up
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signal, from among a plurality of sound pick-up signals obtained
based on sounds picked up by a plurality of microphones, based
on phase difference information on the plurality of sound
pick-up signals; and reducing a noise component carried by the
first sound pick-up signal using the second sound pick-up signal.

Moreover, it is preferable that an audio input apparatus
has a noise reduction apparatus that includes: a first face and
an opposite second face that is apart from the first face with a
specific distance; a first microphone that picks up a sound
mainly including a voice component, the first microphone being
provided on the first face; and a second microphone and a third
microphone that pick up a sound mainly including a noise
component, the second and third microphones being provided
on the second face asymmetrically with respect to a center line
on the second face.

It is preferable for the audio input apparatus that the
second and third microphones are provided on the second face
with a predetermined angle between the center line and a line
that connects the second and third microphones. It is also
preferable for the audio input apparatus that the second and
third microphones are provided a diagonal of a rectangle on the
second face, the rectangle being formed of two lines that
intersect with the center line and other two lines arranged on
both sides of the center line symmetrically.

Moreover, it is preferable that a wireless communication
apparatus has a noise reduction apparatus that includes: a first
face and an opposite second face that is apart from the first
face with a specific distance; a first microphone that picks up a
sound mainly including a voice component, the first microphone
being provided on the first face; and a second microphone and a
third microphone that pick up a sound mainly including a noise
component, the second and third microphones being provided
on the second face asymmetrically with respect to a center line
on the second face.

It is preferable for the wireless communication apparatus
that the second and third microphones are provided on the
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second face with a predetermined angle between the center line
and a line that connects the second and third microphones. It is
also preferable for the wireless communication apparatus that
the second and third microphones are provided a diagonal of a
5 rectangle on the second face, the rectangle being formed of two
lines that intersect with the center line and other two lines
arranged on both sides of the center line symmetricaliy.
It is further understood by those skilled in the art that the
foregoing description is a preferred embodiment of the disclosed
10 device or method and that various changes and modifications may
be made in the invention without departing from the sprit and
scope thereof.
As described above in detail, the present invention offers
a noise reduction apparatus, an audio input apparatus, a
15 wireless communication apparatus, and a noise reduction
method that can reduce a noise component carried by a voice
signal in a variety of environments.
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WHAT IS CLAIMED 1S:

1. A noise reduction apparatus comprising:

a speech segment determiner configured to determine
whether or not a sound picked up by at least either a first
microphone or a second microphone is a speech segment and to
output speech segment information when it is determined that the
sound picked up by the first or the second microphone is the
speech segment;

a voice direction detector configured, when receiving the
speech segment information, to detect a voice incoming
direction indicating from which direction a voice sound travels,
based on a first sound pick-up signal obtained based on a sound
picked up by the first microphone and a second sound pick-up
signal obtained based on a sound picked up by the second
microphone and tc output voice incoming-direction information
when the voice incoming direction is detected; and

an adaptive filter configured to perform a noise reduction
process using the first and second sound pick-up signals based
on the speech segment information and the voice
incoming-direction information.

2. The noise reductiocn apparatus according to claim 1, wherein
the voice direction detector detects the voice incoming direction
based on a phase difference between the first and second sound
pick-up signals.

3. The noise reduction apparatus according to claim 2, wherein
the adaptive filter performs the noise reduction process to reduce a
noise component carried by the first sound pick-up signal using the
second sound pick-up signal when the first sound pick-up signal
has a more advanced phase than the second sound pick-up signal
whereas the adaptive filter performs the noise reduction process to
reduce a noise component carried by the second sound pick-up
signal using the first sound pick-up signal when the second sound
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pick-up signal has a more advanced phase than the first sound
pick-up signal.

4. The noise reduction apparatus according to claim 2, wherein
when the phase difference is within a predetermined range, the
adaptive filter outputs either the first or the second sound pick-up
signal without performing the noise reduction process.

5. The noise reduction apparatus according to claim 1, wherein
the voice direction detector detects the voice incoming direction
based on magnitudes of the first and second sound pick-up signals.

6. The noise reduction apparatus according to claim 5, wherein
the adaptive filter performs the noise reduction process to reduce a
noise component carried by the first sound pick-up signal using the
second sound pick-up signal when the first sound pick-up signal
has a greater magnitude than the second sound pick-up signal
whereas the adaptive filter performs the noise reduction process to
reduce a noise component carried by the second sound pick-up
signal using the first sound pick-up signal when the second sound
pick~-up signal has a greater magnitude than the first sound pick-up
signal.

7. The noise reduction apparatus according to claim 5, wherein
when a power difference that is a difference between magnitudes
of the first and second sound pick-up signals is within a
predetermined range, the adaptive filter ocutputs either the first or
the second sound pick-up signal without performing the noise
reduction process.

8. The noise reduction apparatus according to claim 1, wherein
the voice direction detector detects the voice incoming direction
based on a phase difference between the first and second sound
pick-up signals and magnitudes of the first and second sound
pick-up signals.
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9, The noise reduction apparatus according to claim 1, wherein
the speech segment determiner detects the speech segment based
on the first sound pick-up signal when the first sound pick-up
signal has a more advanced phase than the second sound pick-up
signal whereas the speech segment determiner detects the speech
segment based on the second sound pick-up signal when the
second sound pick-up signal has a more advanced phase than the
first sound pick-up signal.

10. The noise reduction apparatus according to claim 1, wherein
signals are supplied to the voice direction detector as the first and
second sound pick-up signals at a sampling frequency of 24 KHz or
higher and signals are supplied to the adaptive filter as the first
and second sound pick-up signals at a sampling frequency of 12
KHz or lower.

11. The noise reduction apparatus according to claim 1, wherein
the speech segment determiner outputs more accurate speech
segment information to the voice direction detector than speech
segment information to the adaptive filter.

12. An audio input apparatus comprising:

a first face and an opposite second face that is apart
from the first face with a specific distance;

a first microphone and a second microphone provided on
the first face and the second face, respectively;

a speech segment determiner configured to determine
whether or not a sound picked up by at least either the first
micraphone or the second microphone is a speech segment and to
output speech segment information when it is determined that the
sound picked up by the first or the second microphone is the
speech segment;

a voice direction detector configured, when receiving the
speech segment information, to detect a voice incoming
direction indicating from which direction a voice sound traveils,
based on a first sound pick-up signal obtained based on a sound
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picked up by the first microphone and a second sound pick-up
signal obtained based on a sound picked up by the second
microphone and to output voice incoming-direction information
when the voice incoming direction is detected; and

an adaptive filter configured to perform a noise reduction
process using the first and second sound pick-up signals based
on the speech segment information and the voice
incoming-direction information.

13. A noise reduction method comprising the steps of:

determining whether or not a sound picked up by at least
either a first microphone or a second microphone is a speech
segment;

detecting a voice incoming direction Indicating from
which direction a voice sound travels, based on a first sound
pick-up signal obtained based on a sound picked up by the first
microphone and a second sound pick-up signal obtained based
on a sound picked up by the second microphone, when it is
determined that the sound picked up by the first or the second
microphone is the speech segment; and

performing a noise reduction process using the first and
second sound pick-up signals based on speech segment
information indicating that the sound picked up by the first or the
second microphone is the speech segment and voice
incoming-direction information indicating the voice incoming
direction.

14. The noise reduction method according to claim 13, the
voice incoming direction is detected based on a phase difference
between the first and second sound pick-up signals.

15. The noise reduction method according to claim 14, wherein
the noise reduction process is performed to reduce a noise
component carried by the first sound pick-up signal using the
second sound pick-up signal when the first sound pick-up signal
has a more advanced phase than the second sound pick-up signal
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whereas the noise reduction process is performed to reduce a noise
component carried by the second sound pick-up signal using the
first sound pick-up signal when the second sound pick-up signal
has a more advanced phase than the first sound pick-up signal.

16. The noise reduction method according to claim 14, wherein
when the phase difference is within a predetermined range, the
adaptive filter outputs either the first or the second sound pick-up
signal without performing the noise reduction process.

17. The noise reduction method according to claim 14, wherein
the voice incoming direction is detected based on magnitudes of
the first and second sound pick-up signals.

18. The noise reduction method according to claim 17, wherein
the noise reduction process is performed to reduce a noise
component carried by the first sound pick-up signal using the
second sound pick-up signal when the first sound pick-up signal
has a greater magnitude than the second sound pick-up signal
whereas the noise reduction process is performed to reduce a noise
component carried by the second sound pick-up signal using the
first sound pick-up signal when the second sound pick-up signal
has a greater magnitude than the first sound pick-up signai.

19. The noise reduction method according to claim 14, wherein
the voice incoming direction is detected based on a phase
difference between the first and second sound pick-up signals and
magnitudes of the first and second sound pick-up signals.

20. The noise reduction method according to claim 19, wherein
the speech segment is detected based on the first sound pick-up
signal when the first sound pick-up signal has a more advanced
phase than the second sound pick-up signal whereas the speech
segment is detected based on the second sound pick-up signal
when the second sound pick-up signal has a more advanced phase
than the first sound pick-up signal.
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ABSTRACT OF THE DISCLOSURE

It is determined whether or not a sound picked up by at

least either a first microphone or a second microphone is a speech

5 segment. When it is determined that the sound picked up by the

first or the second microphone is the speech segment, a voice

incoming direction indicating from which direction a voice sound

travels is detected based on a first sound pick-up signal obtained

based on a sound picked up by the first microphone and a second

10 sound pick-up signal obtained based on a sound picked up by the

second microphone. A noise reduction process is performed using

the first and second sound pick-up signals based on speech

segment information indicating that the sound picked up by the

first or the second microphone is the speech segment and voice

15 incoming-direction information indicating the voice incoming
direction.
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Notwithstanding the foregoing, for any publication of an unknown date,
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event the Examiner would care to discuss any of the foregoing more specifically, the

undersigned attorney would welcome a telephone call.

Respectfully submitted,

g&mwﬁ@ AW

Edward G. Greive, Reg. No. 24,726

Renner, Kenner, Greive, Bobak, Taylor & Weber
First National Tower, Suite 400

106 S. Main Sireet

Akron, Ohio 44308-1412

Telephone: (330) 376-1242

Attorney for Applicant

September 14, 2012

Page 2 of 2 Docket No.: KYO.P0215

Page 318 of 370



Doc code: IDS PTO/SB/08a (01-10)
Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Takaaki YAMABE
Art Unit |

Examiner Name |

Attorney Docket Number | KYQ.P0215

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(:?\n'llner Cite Patent Number Kind Issue Date Na"."e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code’ of cited Document )
Figures Appear
1
If you wish to add additicnal U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial” No | Number3 Code? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 2010-232862 JP 2010-10-14 TOSHIBA CORP
2 06-067693 JP 1994-03-11 SONY CORP
3 |2000-305504 JP 2000-11-02 | ALPINE ELECTRONICS

EFS Web 2.1.17

Page 319 of 370



Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | Takaaki YAMABE
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |KYO_P0215

If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . '
i lw (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, T5
Initials No . - -
publisher, city and/or country where published.
1 [

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
1Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17

Page 320 of 370



Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | Takaaki YAMABE
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |KYO_P0215

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) moare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Date (YYYY-MM-DD)

Name/Print Registration Number

This callection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17

Page 321 of 370




Privacy Act Statement
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{8 Abstract;

PROBLEM TO BE SOLVED: To provide an audic processing device, an audio
processing method and a program which suitably reduce the noise of sound signals
input from microphones in a variety of environments.

SOLUTION: An audio processing device 100 is provided with a position pattern
detection part 102 for detecting the index of the relative position of a sound source
and a plurality of microphones; a processing determination part 103 for determining
audio processing to the sound signai input from each of the microphenes on the basis
of the index of the relative position; and a signal processing part 104 for executing the
determined audio processing to the sound signals.
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with a reference input in a noise reducing device.

CONSTITUTION: The output signal of a 1st microphone 11 for collecting the desired
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(54) MICROPHONE SYSTEM

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a largely improved S/N ratio regardless of the
position of a noise source.

SOLUTION; When speech recognition is not conducted, the output of a first
microphone 1 is designated as a target signal, and the output of a second microphone 2
is designated as a reference signal to conduct an adaptive signal processing for
obtaining a noise reduction amount. Then, the output of the second microphone 2 is
designated as a target signal, and the output of the first microphone 1 is designated as
a reference signal to conduct the adaptive signal processing for obtaining a noise
reduction amount. A selection state of the microphones presenting a larger noise
reduction amount and a filter coefficient at that time are conserved. The conserving
process based on the noise reduction ameunt is repeated to designate the outputs of
the individual microphones as a target signal and a reference signal based on the .
conserved output selection state of the microphones, and to set the conserved filter i : i }
coefficient to an adaptive filter 3b for a speech recognition. -
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

NOISE REDUCTION APPARATUS, AUDIO INPUT APPARATUS, WIRELESS
COMMUNICATION APPARATUS, AND NOISE REDUCTION METHOD

First Named Inventor/Applicant Name:

Takaaki YAMABE

Filer:

Edward G. Greive/Patricia Oakes

Attorney Docket Number: KYO.P0215
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Su:)j—;'g(tsa)l in

Basic Filing:

Utility application filing 1011 1 380 380

Utility Search Fee 111 1 620 620

Utility Examination Fee 1311 1 250 250
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount usD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1250
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Electronic Acknowledgement Receipt

EFS ID: 13749493
Application Number: 13617143
International Application Number:
Confirmation Number: 9629

Title of Invention:

NOISE REDUCTION APPARATUS, AUDIO INPUT APPARATUS, WIRELESS
COMMUNICATION APPARATUS, AND NOISE REDUCTION METHOD

First Named Inventor/Applicant Name:

Takaaki YAMABE

Customer Number:

26360

Filer:

Edward G. Greive/Patricia Oakes

Filer Authorized By:

Edward G. Greive

Attorney Docket Number: KYO.P0215
Receipt Date: 14-SEP-2012
Filing Date:
Time Stamp: 14:47:28

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Credit Card
Payment was successfully received in RAM $1250

RAM confirmation Number 1618

Deposit Account 180987
Authorized User GREIVE,EDWARD G.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document s . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
SBO5UtilityPatentApplIT it 49933
. . . HityFatentAppliransmi
1 Transmittal of New Application talKYOpP0215.pdf no 1
3e60270474d17b2fc3c4c0e230a74796bed
96be
Warnings:
Information:
3636341
2 SpecificationKYOp0215.pdf yes 108
f4f5c8b5a1402¢ca20713acd86ceb22eeal 36)
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 102
Claims 103 107
Abstract 108 108
Warnings:
Information:
. S 285747
3 Drawings-only bla.ck and white line DrawingsKYOp0215.pdf o 51
drawings
995be56b681e88a678746e1c824ea79f6d0)|
6620
Warnings:
Information:
128430
4 DecPOAkyop0215.pdf yes 3
b4b2e49dd15575bfa30c11848fb7fbel18a0
Multipart Description/PDF files in .zip description
Document Description Start End
Oath or Declaration filed 1 2
Power of Attorney 3 3
Warnings:
Information:
ApplicationDatasheetKYOp021 48207
5 Application Data Sheet pplication ; a;fee P no 3
p bb50d242adf318f3bb8d75f055ce6a20d04
311e
Warnings:
Information:
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This is not an USPTO supplied ADS fillable form

43947
6 Transmittal Letter IDSkyop0215.pdf no 2
598b232215dcfSbe7876a10f42463902b12]
5953b
Warnings:
Information:
Inf tion Discl Stat t (IDS) 611875
nrormation Liscliosure >tatemen
7 itati .pdf
Form (SB08) SB08alDScitationKYOp0215.pd no 4
d50c674eb4bfb5310957a2c88ff9eaadc520)
42eb
Warnings:
Information:

A U.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

509586
8 Foreign Reference JP2010232862.pdf no 18

7ced5dcda59153bf116e64febaaf5ea61570)
dle7

Warnings:

Information:

518764
9 Foreign Reference JP06067693.pdf no 12

208ef58fa02b636b0de447ca0fc3f08dd629)

Warnings:

Information:

424459
10 Foreign Reference JP2000305594.pdf no 9

9defe9871432bde8d9bebc4627a4611f538|
286ec

Warnings:

Information:

33273
1 Fee Worksheet (SB06) fee-info.pdf no 2

233f6d0ed3d2462c7e8299facale3bae3ab)
Ofcd

Warnings:

Information:

Total Files Size (in bytes):l 6290562
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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ATTORNEY DOCKET NO.: KYO.P0215

Undar the Paperwork Reduetion Act of 1995, na porsons are requirad to respond to collacti

PTO/SB/106 (8-96)

. Asproved far uss through 9/30/33 OMB 0651-0032

Petent and Tradesnark Office; U.S, DEPARTMENT OF COMMERCE
of information unless it displays a valid OMB control
number,

P110165US01

ik, ATRREINERPFL LT, SR TROBYEE
k-1 .

HOER, BEOsLEE LTENL, RoRsokiciiREh
R ThD,

TROLABORAICOVCRIFRREEIR R Eh. BoM%F
BRODBATHEIRBFERCB LT, SRR, BELoE—0
BUHECHD (B—DEABERESHLTHISHE) . BV
. BB o#kARRETHS (REOKRENRBREEINTVIR
) LELTWS,

TREFORMFL L IEMAER TV S, TROREF=
7 ShTWBHERIL, ZORY The

0O _oacHEah,
COMEOXEHMEZFESELIIP CTEENSE ST,
—. Thh, Ao

DRICHEShHE ST 588)

i, EROWMEST o THEShE, HREEREEE S
EEPAEERNL. AoREFEKLTHS LRI D THRY
+5,

B, EAAREASS THEANL. 5 eREBIh TS,
B>V TEERRRERRTIBESHA - L 2ED S,

Attormey’s Ref. No.
Declaration and Power of Attorney For Patent Application
HITHEESER VOEER
. Japanese Language Declaration

RABEER

As a below named inventor, [ hereby declare that

My residence, post office address and citizenship are as stated
next to my narmne,

[ believe I am the original, first and sole inventor (if only one
name is listed below) or an original, first and joint inventor (if
plural names are listad below) of the subject matter which is
claimed and for which a patent Is sought on the Invention
sntitted

NOISE REDUCTION APPARATUS, AUDIO INPUT
APPARATUS, WIRELESS COMMUNICATION
APPARATUS, AND NOISE REDUGTION METHOD

the specification of which js attached hereto unless the
following box is checked:

[ was filed on .
as United States Application Number or
PCT Internstional Appfication Number
and was amended on
(if epplicable).

I hereby state that | have reviewed and understand the contents
of the above identified epecification, including the claims, as
amended by arry amendment refarred to above,

I acknowledge the duty to disclose information which is material
to patentabiity ass defined in Title 37, Code of Federal
Regulations, Section 1.56.

Burden Hoox Statemaent: This form is estimated to take 0.4 houra to complote. Time will vary depending upon the needs of the individua) case, Any

, comuments on the ampunt of time you are required to cymplete this fon should be sent to the Chief Information Offcex, Patent axd Trademark
Dffice. Washingten, DC 20281, DO NOT SEND FEES QR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Comumissioner of Patents and
Trademarks, Warhineton. O 20231

Pege 1 of3
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PTO/SB/106 (8-86)
Approvad for usa through 3/30/88 OMB 0653~0032
Patent and Trademark Offiew; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Roduction Act of 1895, no persons ars required to respend to collection of information unless it displays a valid OMB control

mumber.

Japanese Language Declaration
(AFEEESD)

. OB TOR. BTRRRLEABRTONTFHEE LR
BED U, BVWILRBEA O EV—EERELTWIRE
BAFISER 36 5%(a) Lk 5P CTERBEK VT, A
W1194 (a) - (d)FRIZE S 6 5% (b)FESVTEE
HMEERTHE e b, BEErERTSEAHBEOMBIRALY Y
BOHBEB 2555 ETORFIMEE E RRAFEOLE, &
VWP CTEBHBEIC-OWTIE, Vv SHEY, FTROSRY
FxyrTBrEREDRLE,

1 hereby claim foreign priority under Title 35, United States
Code, Section 119 (a)d) or 365(b) of any foreign application(s)
for patent or inventor's certificate, or 365(a) of any POCT
International application which designated at least one country
other than the Unlted States, fisted below and have also
identifiad below, by checking the box, any foreign application for
patent or inventor’s certificate, or PCT Intamational application
having a filing date before that of the application on which
priority Is claimad,

Prior Foreign Application{(s} Priority Not Claimed
SHECO&THE EhEEHERL
2011-201758 Japan 15/September/2011 O
(Number) (Country) (Day/Month/Year Filed)
(F5) (B34) (BB A/ 4)
2011-201760 Japan 15/September/2011 |
(Number) (Country) (Day/Month/Year Filed)
(&E7) (B4) (HEER /A7)
B, © o, FROWHRERBHEESFHEICOWTE, + 1 hereby claim the benefit under Tile 35, United States Code,

D*Eﬂiﬂﬁa 5811 9% (e )HOHEEERT 5.

Section 119 (e) of any Unitad States provisional application(s)
listad balow, .

(Application NoJ) (Filing Date)
(HBIEH) (HmEEA)
R, TR, TROWVWDIRIEEHER2VTH, T0XE

R3S/ 1 2 0 ICHIERERL, XKEERET
Hvhird P CTERHEIL>VWCS, TORMBS 6 5&(c)ic
EACHREERT S, £, AHEOSGHIRROMEEO IR
PAEERESSIHE 1 1 248 1 Bt fiZSh i GRT. %77
5% ERTFNBOGL P C THEEBHEIMA ShTWIVWESK
BT, TRETHEOMBE S ARRSHEBELIIPCTE
BB & O MOoYM P RAFTENEFE T, BTN 3
THEBAL. 5 6 EFEIWAGIHET RO HERKRIT W
CTHTHEENHS 2L E2KRTS,

{Application No.) (Filing Date)
(HERHES) (HER)

1 hareby claim the benefit under Title 35, United States Cade,
Saction 120 of any United States application(s), or 365 (¢} of
any PCT International application designating the United States,
listed below and, insofar as tha subject matter of ecach of the
claims of this application is not disclosed in the prior United
States or PCT International application in the manner provided
by the first paragraph of Title 35, United States Code, Section
112, I acknowledge the duty to discloss information which is
material to patentability as defimed in Title 37, Coda of Federal
Regulations, Section 1.56 which became avallable between the
filng date of the prior applivation and the national or POT
Irternational filing date of application:

(Application NoJ) (Filing Date) (Status: Patented, Pending, Abandoned)
(HIEESF53) (@) (A5 © GFETRFA]. CRAYY. HOE)
(Application NoJ) (Filing Date) (Status: Patented, Pending, Abandoned)
(MIEFR) (HmEA) (FB, 2 4FEFEFAI. GRIRP. %30

Ui, SO REShLREAONRCHRD OB SERTH
. oW LETS D LitES oA, KETCHD LELL
NBZLEERL. 26t X BRAONKRR2 Y E{To e
v KEMEMEL SR L 0 0 1RERSE ., &Sl
FLREOFFICL P AMEh, ELEOLHDRE L8
BOBGRIT. AHEEE TR LTRIT S5 Vi 515
b. TOAERBESEY S S & EER UL L CHBRRTDN
odd, TREETS.

1 hereby declare that all statements made herein of my own
knowledge are true and that all statements made on information
and belisf are believed to be true;, and further that these
statements were made with the knowledge that willful false
statemants and the lke so made are punishable by fine or
Imprisonment, or both, under Section 1001 of Thle 18 of the
United States Code and that such willful false statements may
Jjeopandize the validity of the application or any patant issued
thereon,

Page
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Under the Paperwork Reduction Act of 1935, no parsons are

ired to

PTO/SB/108 (8-98)
Approved for uso through 8/30/88 OMB 0651~0032
Patart and Tradamark Office; U.S. DEPARTMENT OF COMMERCE

!

d to collection of Information unless it displays a valld OMB contro}
number.

Japanese Language Declaration

(REBEES)

HHER ¢ BIRAKHBIEFET D FHETV, BoXERIFHE
FLORXTORBLETT IO, BEShARAFLLT,
FTREOAEERT/ EERABLEERQT S, (EERUCREE
FERRTIIL)

POWER OF ATTORNEY: As a named inventor, | hereby appoint
the fallowing attomey(s) and/or agent(s) to prosecute this
application and transact all business In the Petent and Trademark
Office connscted therewith, (it nome end registration number)

Customer Number
26360

BRI ¢

Send Correspondence to:

Customer Nuinber
26360

ERAEARY . REACEEED

Direct Telephone Calls to: (nams and tefephone number)
Edward O. Greive

(330)376-1242
Me—E A - RPEA Full name of sole or first inventor
Takaaki YAMABE
RRAZEOEL B4+ Inventar’s signature Date
Zi,&an}’a Vamabe 30/Auqustion
&8 Residence
BXH, Yokosuks—Shi, Kanagawa—Ken, _Japan
E5F Gitizenship
A% Japan
BEOzSE Post Office Address
c/0  Intellectual Property Department, JVC KENWOOD
Corporation, 12, MoriyaCho  3-Chome,  Kanagawa—Ku,
Yokah ~Shi, Kanag Ken, JAPAN
HERBNY Full name of second joint inventor, if any
ﬁ:*ﬁ%%%‘ﬂ)g’% B Second Inventor’s signature Date
#Br Residence
B Gitizenship
B0k Post Office Address

(E=H FOHFARAF oV b RRKRRL, BaET30
&)

(Supply similar informatlon and signature for third and subsequent
joint inventors.)
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