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fine adjustment only to the coefficients of the multipliers 172-1 

to 172-n+l. 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 

5 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 

10 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 output signal 128, 

in accordance with the control signal 127 (for example, the 

phase difference information 126) output from the adaptive 

15 filter controller 117. In 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 

20 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. 

25 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 

30 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 

35 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 

5 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 S52). High accuracy of speech 

segment determination is achieved with stricter requirement, 

10 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 S53), the speech segment 

15 information 123 and 124 are supplied to the signal decider 116 

and the adaptive filter controller 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 

20 125 and the phase difference information 126 can be acquired 

as explained with reference to FIGS. 13 and 14. 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 

25 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. 

30 Following to step S53 or S55, 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 (S56). Then, the noise reduction process is 

35 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 

5 sub-microphone 103 (step S58). When a sound is being picked 

up (YES in step 558), the process returns to step 552 to repeat 

this and the following steps. On the other hand, when any 

sound is not being picked up (NO in step 558), the operation of 

the noise reduction apparatus 3 (with the noise reduction 

10 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 

15 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 

20 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. 

25 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. 

30 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. 

35 [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 

5 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 

10 (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 

15 203 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 

20 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 

25 output 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 

30 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 

35 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 

5 pick-up signal to be used for speech segment determination. 

The signal decider 216 shown in FIG. 17 is identical to 

the sig na I decider 116 shown in FIG. 12, except for outputting 

the sound pick-up signal selection information 223 to the speech 

segment determiner 215. 

10 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. Moreover, through step S45, 

15 S46 or S4 7, 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 

20 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. 

25 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 

30 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 

35 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. 

5 The adaptive filter controller 217 decides sound pick-up 

10 

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 

15 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 

20 acquired while a non-speech segment is being detected are not 

so 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 

25 speech segment information 224 output from the speech 

segment determiner 215 as the information 225 and 226 to be 

used for control of the adaptive filter 218 for accurate noise 

reduction. 

In this operation, the speech segment information 224 is 

30 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 

35 225 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 

5 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. 

10 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 

15 noise reduction and the phase difference information 226 on the 

two sound pick-up signals. 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. 

20 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 

25 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 

30 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 sig na I 

for noise reduction. 

The adaptive filter controller 217 and the adaptive filter 

35 218 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 

5 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 

10 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 

15 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. 

20 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 562). In this step, the sound pick-up signal selection 

information 223 on a sound pick-up signal to be used for speech 

25 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 

30 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), 

35 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 S65). On the other hand, if a speech 

5 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 

10 use in the noise reduction are selected from among the sound 

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 (S66). Then, the noise reduction process is 

performed by the adaptive filter 218 using the voice signal and 

15 the noise-dominated signal that are two signals selected from 

among the sound pick-up signals 111 to 113 (step S67). 

Following to step 567, 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 

20 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 568), the operation of 

the noise reduction apparatus 4 (with the noise reduction 

25 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 

30 111 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 

35 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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 

35 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 

5 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) 

10 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 

15 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 

20 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 

25 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 

30 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 

35 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 

5 700. 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) 

10 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 

15 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. 

20 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 (a second and a third microphone) 711 

25 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. 

30 

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 

35 face with a specific distance d1. The distance dl may be in the 

range from about 3 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 

5 provided on the rear face (the second face) asymmetrically with 

respect to the center line 721 with the specific distance dl 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 

10 and 712 achieves highly accurate noise reduction by the noise 

reduction apparatus 3 or 4 using at least 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 

15 an angle a between the center line 721 and a line 722 that 

connects the sub-microphones 711 and 712. The angle o 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 

20 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. 

25 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 

30 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 severa f 

35 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 

5 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 

10 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 

15 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 

20 804 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 

25 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 

30 communication apparatus when the output signal 128 supplied 

thereto is a signal output after the noise reduction process (step 

557 in FIG. 16) is performed. The same is applied to the noise 

reduction apparatus 4 shown in FIG. 17 according to the third 

embodiment. 

35 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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 

35 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 

5 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 line. 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 

10 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 

15 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 

20 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 

25 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 sound picked up by the one of the plurality of microphones. 

In this case, it is preferable for the signal decider to decide the first 

30 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 to 

35 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 

5 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 

10 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 

15 a sound pick-up signal having the most delayed phase among 

the plurality of sound 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. 

20 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 

25 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 

30 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 

35 component carried by the first sound pick-up signal, a power of 

the specific sound pick-up signal being the largest among the 

Page 282 of 370



99 

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 

5 microphone that picks up a sound mainly including a voice 

component and a plurality of sub-microphones 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 

10 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) 

15 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 to decide the 

specific sound pick-up signal as the first sound pick-up signal to 

be subjected to reduction of a noise component. 

20 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 

25 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 sound picked up by the main microphone. In this 

case, it is preferable for the signal decider to decide the specific 

30 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 noise reduction apparatus that 

signals are supplied to the signal decider as the plurality of 

35 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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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 

35 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 

5 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 

10 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 

15 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 

20 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. 

25 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 

30 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. 

35 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 1 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. 

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 apparatus1 and a noise reduction 

method that can reduce a noise component carried by a voice 

signal in a variety of environments. 

Page 286 of 370



103 

WHAT IS CLAIMED IS: 

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 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. 

2. 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. 

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 11 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 outputs 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 firs_t 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 a part 

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 

microphone 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 travels, 

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 signal. 

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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fP.i OJ iiJ 11' i.r ;,f,; 9 ~ T: '5 0 o ~ 6 tt , {l1. rrl 1 '\ -!7- - Y ( 2 ) i::. -B Jjj ~ h 1.:: ~ -fr OJ , -g p'f 9l1 ~ ~ 

30 

40 

ta- 0) -!JU i.r ;if; 't" ~ -r a& IJ , ~ 7 ti , {tI. lri 1, !J - Y ( 1 ) ~ 5J"-~ ~ h 1.:.. ~ ..g- 0) , ff ?'i Ji1 :Ell[ ii ~ 50 
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(J) ¥~ ~ }F 9 ~ T ~ 0 o 

[0034] 

(8) 

.L.1/. T , w ~ :!ll1 l]! (J) tJJ fJ ~ x tc. -:> t,, t fill flA 9 0 o 

[0035] 

JP 2010-232862 A 2010.10.14 

,f_j'[ ■ 1 S: 9 - Y t:J, ( I ) tc. 7.1'- ~ ~ :h t.: f,§ i'i , 7 -1 7 1 ~L A jJ ~ ti. 0 ff pf ~ § (t,J ff pf t. L , 
7-172~J....h~:h0B~Hfft.LT:!ll1~90a ~~(t,J~~- ffpfffl~H ■ l00(J)~tJ 

Wi P5 o ta:, a 1,r Ji'.~ ( 0 ;;;;;; a ) c. T .g t., 9c l:f c' ~ ili Lr.:~~~ f'a"I t d la:'. ffl l-"' T, 1X. s:\'.; ( 
1 2) T:tRTC.. t.if•T~00 

(~ 7) 

[0036] 

g; tc. , C.. (J) t. ~ f~ ~ ~ .laJ l'&: ~ ~ ~ tc ~ ffi L T 7. « 7 1-- ;J,, ~ 7 1-- 7 7 V 3 Y 1,r fi -::, T 't & 
I,' 0 * tc. t:.l: ' .:c ::1 - ~ --\' ✓ -t 7 ~ T J: <. m I, ... G :h 0 ~ J;t;. 7 -1 ;J,, ,!J 1,r m I,' T X 2 ~ * m:i: {§ {ej­

t LT x I~ G H ff~ S ~ ~ * T 0 ~ ~ 'E, ~ ~ c' S 0 o 

[0037] 

f_j'[ mt 1" 9 - Y iJ, ( 2 ) t.: n'-~ ~ :h t.: ±$1 i'i , 7 -1 -7 2 ic A fl ~ :h 0 ff J'5 1,r a f8 ff "% t. L , 

7 -1 7 1 le J... tJ ~ n 0 ff ~ H ~ t. L T :!ll1 J]! 9 0 o ~ ~ 8"J iJ: :!ll1 I~ ~.i f1I iit 1 -S: !7 - Y ( 1 ) tlJ ~ 

10 

,fr (J) :!ll1 Jffl (J) 7 -1 -7 l t. '"Z -1 7 2 ~ A n ~ ;z t:::. t. ~ t. [P] t: c' S 0 o c.. (J) t. ~ 1H tJ ff P5 o Ii , 20 

1X.i.t (1 3) T~~tl.00 
[~ 8] 

o(t)=x2(t)-ax1(t+td) • • • • (13) 

[0038) 

r.. CJ) J: '? ~c. S 0 ~ ~ (J) 7 -1 7 tc ff ii~ t/• i5: -:5 t,' T t,, 0 t. v ~ 5 J: '5 iJ: f:u: mt ; "' 9 - Y t L T 1:r 
ffi 6 :h tc ±~ .g- 0) :VLH.m ta: flli fC. 1ti ~ ;t 0 i.::. t. fJ\ c' -l! 0 o -i71J ;z kf , a 1,r nfJ !2 ffi A .fl::! !~ f@ CJ) M ~ tc 

L , ~ ~ it 1,r MiJ ~ L t 't & t-, o c.. 0) t. ~ a , b 1,r .'.@ ~ t. 9 0 - ':!X. 00 ~ ,c. J: tJ 1x i( ( 1 4 ) 

~J:tJa(J)ffi~~-90LC~L°~0 0 

[ ~ 9] 

a( rmax) = -arrnax + b • • • • ( 14) 

[0039] 

rt ( 1 ,t ) (J) J: '5 (;: L T a 1,r ~ JJ-J 9 0 C:. t. ~c::: J: -:, t ~ * .fll l¾l fo'f ti~ M t- \ t. '!- ~c::: ta: Vi:£ ~ hl ~ 
; J, 6 < , fl£ v' Aif ~;::_ ~j: ~ ~ it ~ 7(. ~ <. 9 0 t:.. t. ff, 1: ~ 0 o 

[00·10) 

1tl t!l 1, -5l- - Y ti < 3 ) ~.: :n'- ffi ~ n re. t~ i'i, ? -1 !7 1 , 7 -1 !7 2 ~c:. J.... tJ ~ n .:t. cg pf 1,r f,ljj n 

30 

m 1,, T ~ ~ rD 7 v - 711 :EH! :>a- fi 5 o :it fil flJ 7 v - {!'. ilH' tc ;J;; ,g- . 1:11 1J ;if p1 o ~;L 1x rt ( 1 5 40 

) c'~6-h=5o 
[ ~ 1 0] 

1 
o(t)=-*{x 1(t)+x 2(t+td)} • • • • (15) 

2 

(0041] 

r.16 , i.: 0) 7 v - :!ll1 :E_I J.® 1$ g~ 1: kt J:: ~2 n :rt; tc:. ~H Ji:'. ~ :h g , ffetl ;t If C r i f f i t h s - J 
i m 1~ (J) 7 v - )!!]. :E1

H ~ ~ HJ 9 =5 C.. l: ~c J:: --.:, T , 2 -:> (J) 7 -1 7 P * Y c' - ?t (J) fTJ J}{ tc. J.f L, T 
~ -g- 0) 91: ~ 1,r JU ,'1t L- , -t (J) iG lffl (J) :g:- pf ,.: ::tt L, T S N R (J) ~ v' § tA ff pf o 1,r l'BJ l±'r 9 0 c t. tfi 50 
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(9) JP 2010-232862 A 2010.10.14 

AJt~c:roe00 
fgj 2 ~L ~ IJ , A T •y 7' S 1 0 6 T ti , f'T A tJ nB 1 0 1 T ~ 1//;l h~ ~ 1±\ ~ .fl , f-"'i ~ }711 f!Jl %t 7 

~~7900 
[0042] 

.l;.I. J::. , 2 -::> rJ) -z ,{ 7 □ ;t Y 7<f'." W~ tc. , * ~ SR 0) ~ 1tt§ (J) ff:; sm 7<f'." alt !3Jl L tc. t} , ;$: §6 !3A' 7<f'." ~ )n§ 9 
0 IC ~ -:::, T , x .-{ 7 o ;t 1/ i:} 2 2f,: T ® 0 C C: tt tf:, ~ L" ti roe ( , * ~ !3Jj 7<f'." 3 -:::> .L..:{ J::. (l) x ,{ 7 
o ,t-;. Y ~c. 'rib ~ 9 0 C. l:. 'b PJ -rili. T i1:5 0 0 ? --{ 7 3 -:::> (1) ~ ,3- , x ,{ 7 7<!'.' ? ,{ 7 l , ? .-{ 7 2 , 

x-17 3 c:90 c:, 1XT(J)7-::>(J){flffllr,~-::,.,7<f'."ffl2.T00 

(0043] 

( 1 ' ) x .-{ 7 I ~;:_ ~ :ili L T I, ' 0 0 10 
( 2 ' ) 7 .-{ 7 2 ~c ~ :ili L T 1,' 0 o 

( 3 ' ) 7 -1 7 3 ~c m :ili L T It' 0 o 

( 4 ' ) x .-{ 7 I , 2 tz. m ili LT t,, 0 o 

( 5 ' ) x .-{ 7 2 , 3 tc. ti :ili l, T v' 0 o 

( 6 ' ) x .-{ 7 I , 3 i.: m :ili L T 1,' 0 o 

( 7 • ) C rJ) ? ,{ 7 tc. ,t m :ili L L I.,' roe It ' 0 

[0044] 

J.-.. tJ c:' n 0 § f§" ~ rz. :tr L , ~ Jill (l) ¥.1J ~ a~HEIJ ~ , fi ~ v « 1 i, ~ 7<f'." m 1.r, -r }! (l) f.tt: ~ 1"' -!l - ::,., 
tc. 51 !m ~ n 0 7J' ;z- rk :,:t 9 0 0 J: 9 1;¥ Kffl i.: ti ' ? ,{ 7 l f:J, G 7 ,{ 7 2 ~ (l) JIJ J!f. ll-;:e IMJ £t ~ t d 

1 2 

2:: L, rt: ( 2 ) 1J: v' L rt ( 5 ) ~;:_ J: 1J ~ 1±1 9 0 o fill (1) 7 ,{ 7 Fai rJ) ?M ~ ~ rsi t'l: 't:i IA]~ ~c 20 

'td, 3, tdz I• tdz3, td3 I• td32C:L, c.nG7<f'.";Ji'.irfl::f::1900 ~kx 

--{ 7 1 rJ) 7 ,{ 7 2 i·C. :ti 9 0 ,~ ~ [_,,. « Jl,, t'l: 1,t d d I 2 C: L ' rt: ( 6 ) ic J: IJ n I±\ 9 0 D f-1.g (l) 

"<" ,{ ,:, Ril rJ) 1~ {% v « ,1, if it Ia1 ti ic. , d d 1 3 , d d 2 1 , d d 2 1 , d d 2 3 , d ct 3 1 

, d d 
3 2 

c: L, C:h.Gt.r~l±l900 
[0045] 

c. rJ) l::. ~ -1§' ~ i:J, G 1& 't Jli: 1.,, x -1 7 n I ~;t fl:l1 2 -:::> 0) x .-{ 7 2:: (l) flj 3¥ ~ rs~ t'l: ti,, IE (J) 100: t 1J: 0 

o 2 ~ El ic ff ~ IC J:IT t,' x 1 ? n 2 ti 1! 0 - -:::> rJ) x --{ 7 ~;: ti L T JIJ i¥ Bf rai ~ il iE 2:: 7J: ~ , x 
.-{ 7 n I i·C M L, T ti ~ C: ti: 0 o i& 't -g ~ 7J' G ~ It' ? .-{ 7 n 3 ti flli 2 -:;, 0) "<" .-{ 7 l:_ rJ) ~1J ~ ~ 
rel] ~ i:J{ jJ_ (J) 1& C: 7J:: ~ o -r C::. T , C 0) ~ 'i"t tc. J: I) , ~ f , fi,f .ti 0) 7 .-{ 7 ti"- , 7 ,{ 7 n I , x 

.-{ 7 n 2 , ? --1 7 n 3 2:: 7J:: 0 iJ) 7<!:'." ei: '.ii:: T 0 o 

[0046) 
7 4 ? n 1 C'. 7 ,{ 7 n 2 C: 0) flj ;i¥. ~ ra, ~ t;, t d n l n 2 ' -r (l) ilJ i¥ ~ rsi '1¥. 0) tffl f[l'i f:J, t d 

t h r e l ' 7 .-{ 7 n 1 C: 7 .-{ ? n 2 l:: fJ) 1§ -!% V « Jv ~ i:J~ d d ll I n 2 ' -r 0) 1§ ~ J._., ""'}V 
7!ft: 0) ~ frnf if, d d t h r e 1 1:- ® IJ , :/X. xt ( 1 6 ) & r.J rt ( I 7 ) tl• i'i1ili tc. ~ :h 0 tR .g- ~L , x 
.-{j lff•x-1?n l-V.:IS0l::~ (l'), ?-172'/:}7.-{-?n 1--Va.5~<'.:'..~ (2'), x 
,{ 7 3 tf• ? .-{ 7 n I -V .:IS 0 <'.:'.. ~ ( 3 ' ) rJ) 1.tL ill. 1"' -9 - /' tz: 5J'- ~ 9 0 o 

[M& 1 1 J 

tdnln2 > tdthrel • • • • ( 16) 

ddn1n2 > ddthrel • • • • ( 17) 

(0047] 

':!R. t.: ' 7< .-{ 7 n 1 C: ? ,{ 7 n 2 C: 0) JJ ~ ~ rJJ '1¥. 7J' t d n l n 2 ' -r 0) ¥1J ;i¥. ~ rs, ~ (1) ~ f@ 

7J' t d t h r e I ' 7 ,{ 7 n 2 C: z 1 ? n 3 2:: 0) ilJ i¥ ~ rtfl ~ i:Jt t d n 2 n 3 ' -r (l) JU J¥. n~ 
rai ~ 0) ~ frn! 7J' t d t h r e 2 ' ? --1 ? n 1 C: ? ,{ 7 n 2 C: rJ) 1\3 ~ V « JV '1¥. t/• d d n I n 2 

, 't fJ) 1§ ~ V ~ Jv i.¥. fJ) r.d! f@ f:J' d d 1 h r e 1 , x ,{ 7 n 2 2:: "'< ,{ 7 n 3 C: 0) 1§ ·5 v -"\. JV~ 

30 

40 

7J' d d n 2 n 3 ' -r 0) fg -~ [_,,.«JV 7!ft: rJ) ~ 1@ i:J"- d d t h r e 2 -c- ~ I) ' 1.R.. rt ( 1 8 ) 1J: t,, L 50 
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(10) JP 2010-232862 A 2010.10.14 

:rt ( 2 1 ) ~ i'/Mi tc. 9 ~ i5 tc:. , x ---f 7 3 tJ~ x -1 7 n 3 ? .:5 0 .!::: ~ ( 4 ' ) , x ..-f -7 I '/J~ x -1 
? n 3 T .:5 0 ~ ~ ( 5 ' ) , ? -1 -7 2 if• ? -1 7 n 3 ? it 0 c: ~ ( 6 ' ) (J) {ft tit 1" 9 - Y tc:. 
5t;ffi"900 
[~ 1 2] 

td nln2 < tdthrel • • • • (18) 

tdn2n3 > tdthre2 • • • • (19) 

(~ 1 3 J 

ddnln2 < ddthrel • • • • (20) 

ddn2n3 < ddthre2 • • • • (21) 

[0048] 

* tc. , c 1 • ) tJ' G c 6 • ) (J) c (J) 1:u: ~ 1" 9 - :.,, tc:. 1E> 5t ~ ~ n tJ: -JJ, ? t.:. .tJ;J it ~t , ~ -r (I) 

? ,{ ? ~L. :t-t 9 0 ff ~ 0) jg M 7.J' ii I,' .!::: Jj.. 7J:. L, ( 7 • ) (J) ill. llt l "\ 9 - ✓ (C :$:r )_ij 9 0 0 20 

(0049] 

L. {l) J: ? h.: :½' m ~ n tc:. 1i , .:;'!5- 1 "\ 9 - :.:,, re:. J.: ? -r Yl1 1.lll. ::;r m IJ ~ .:t 0 o J.: IJ B+ mi ~c. u. c 1 • 
) . ( 2 ' ) , ( 3 ' ) (I) ij;} it ti , 5:\'.'. ( 2 2 ) tc. J.: 0 !ll1 J'.Jl! ~ fi 1., • , ~ ~ ,c. :iE: 1., • x ..-{ 7 (J) § 

ft,J ff t.J, G ~ .g ~ ~ W "9 0 " 

(~ 1 4] 

o(t) = Xnl {t)- U1Xn2 (t + tnln2)- U2Xn3 (t + tn1nJ • (22) 

{I:! L , a 1 , a 2 ti JE ~ 7! ® I) , a l ~ 0 , a 2 ~ 0 T it 0 o 

[ 0 0 5 0 ] 30 

:t t.:. , c 4 • ) , c s • ) , c 6 • ) (JJ tJx, ft ti , ~ c 2 3 ) ~c:. J: 0 ~ J~ ~ fi ? o c n re:. 
J:: 1J , ff rmt ~c :iE: i.., 2 J (J) -z -1 ".7 ti ~ ~ :f£J 7 v - -r: ff ~ si ~ ~ n , if ~ '/J• G .& f.l ~ i.., x -1 7 
(J) ili tJ ti H cg (J) ~ ~ re f~ m ~ n 0 o 

( ~ 1 5] 

[0051] 

~ ic , ( 7 ' ) (JJ ijj} it ti , ::i:.\ ( 2 1 ) ~:: J:: l:J !l/.1 Jlf. ~ fr -5 o c n ~c:. J:: IJ , ~ T (JJ x ---f 7 ~ 40 

~-::>T~fil:f£J7v-TB~~~~Z100 
[~ 1 6) 

C(JJJ::5~3"'J{l)?..-f?D*Y~f.lff~~~~m~T®0a 
[0052] 

;;1: r.:. 3 -.::HY. J: (I) -z --1 :;, ~ 1Je 1,, , 3 ~ n :,,;~ rm 7: M v,r,1. 1:u: ra ~ =ttfi J£ L- -c 'b J:: i.., C g 11g fu i1ft n' if~ 
5E T ~ tc ~ -& , :S- ? ---f 7 fJ, 6 ~ tmt ~ c' 0) /Ee ~ ~ ~ ttl "9 -"@ C .!::: f/', T ?! 0 o C OJ :i'1 ;E]! tc J:: -:::, T 50 
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(11) JP 2010-232862 A 2010.10.14 

l~Gnrc::-z-{7-~~FEIJOJ]E!Hl~.:rn.:f'n 1 d l' 1 d 2. 1 d 3 .!'.:9-Go 
[0053] 

CO).!::~. im:mlM!{!l 1 d r hr e f,t;E~C: LT . .-;,nrt {2 5) f,t?j!ilfj",::9:l:Jl'li'di:, ( 1 • 

) ~;:_ '.'7J" ffi ~ :h '@ o 

[ ~ I 7 J 

ld 1 < ldthre } 
ld2 > ld"= • 

ld3 > ldthre 

• • • (25) 

IN] m: tz.:. . ( 2 • ) - ( 7 , ) 0) flI t!f l \ -!J. - / .,...._ OJ 5.J'- ~ it ~ ~ 9 G L. C: jJt c' ~ ,Q 0 

[0054] 

cm 2 OJ~rn!iF:Jfl~) 
98~. ~20)~•m•~~b0~~~~H•J,t~97P~7~c'~Gcffi20)~-m 

n~ffib0B~9l1~~ ■ 1ooaU. ~~~~ML. m~~::,,,,,j-~~~~ffl~h0gDOJ 
{tI. ill fiJ ~;:_ :it !Z 9 0 91.1 I'M 1,t ~ i'R L -C fr ? c :g T~ 9l1 UHt 1il't 1 0 0 a M: , fJ A :fJ f.B 1 0 1 • fll. Yi£t 
l\ 9 - Y .f#i l:tl i~ 1 0 2 a . ~ I_!ll ~ JE fiB 1 0 3 a • m {% 9l1 Iffl g~ 1 0 4 , & If. J\ 9 - YD B 

l O 9 a 1.r +i '9 0 o 

( 0 0 5 5 J 20 

-g: J.... :fJ ~I~ 1 o 1 t:L J.... 1J T:fi tJ, ,; . I{ ;:!i OJ !'13 ~~ *1/,l 1,r ~ l:tl °9 0 o {ft W 1 \ 9 - Y ~ /:fj MB I o 2 

a ~i . {11. ~ ~ Y ,j- 7J' G 0) f§ {% ~;:_ ~ IJ . ~ ~ c: ? .,( 7 2. OJ {ft tfl: J \ 9 - Y OJ tl,H~ 1,r ~ f:1:1 9 0 o 

911 I_! l5l:: '.iE f§B 1 0 3 a ta: . ul ff/ii J , 7 - Y O) :JtHJ 1,t • 'I' 66 f~ ¥-1' 9 0 {lI ~ r, 9 - Y ti:. ¥.'R -g- 9 0 C. 

c:~~?T~fi90~~~~JE90n~~m~S1O4~. m~~JESOJ~'.iE~fil?Tm 
I~ f,t fi "? o 

(0056] 

1, 7 - YD R l O 9 a tt. ~ i~ 2.? -1 7 to) {ll. & -'\ 7 - Y f,t {~ ~ 9 0 o -'' 7 - YD B I 

o 9 a ic ti . M' ~ !--_ -z -1' 7 t OJ :t§ .tst ft-1 ~ {ft u.!i: OJ {iL mi r{ 7 - Y m ~c:. . {iL ~ -t'. :::.,, ,t -JJ, f> OJ A tJ 
~ h 0-@ % OJ f& ttii '/:/• .tst )Z-5 t:t G :h. T v' 0" ,., 9 - YD B 1 o 9 a &c: fl§~~ tl .'.5 {ft@-'" 7 -
:::.,, ti . f11. iB 1"' P - Y 1#! t:e fm l O 2 a t;, G FE dJ. 1:±:l ¢" tt . fu iB t :::.,, ,j- iJ' G 0) J... 1] c: ~ -8' c! tl 0 30 

[0057] 

~9~, ffi20)WMB•~~b0gFm~~iBOJ•ff~~970-+~-~cJs0c 2 

--::> OJ ? -{ 7 □ ;t,. :::.,, ( -z --{ 7 I . -z --{ 7 2 ) f,t £1! ffl L , § ~ :g= F t.r 911 I!. 9 0 {91J ~ .ffi lt, T fill S,'3 
9 .'.5 o 1.J: .:13 . x .,( 7 P :ct- Y t} 2 --::> c Js 0 C. c: !i I!?;, ill c ti t,j: ( • ? -{ 7 P J.1- Y tJ~ 2 --::> L.'.l. J::. Js 
tl ti' '.c% m!i. p_J ~ -C Js 0 o £ f"c El fl{] ','d' fJ~ g .F c' Js 0 i:. C: 't /!?:, ;}HJL~~ c' tt 7J: v, c ::<$,: k 11m ff; :it~ 0) ib 
{'f t;J: fiL iB t Y -it . fl'.[ iB r~ 7 - Y ti 1:±:l ~ 1 O 2 a , 7:k. r.J . m I.llU::IUE !51~ 1 0 3 a 0) if.I {'f J,t ~ ~ 

ffiIO)~·ffi®~~-c'JslJ, ~lOJ~Mmat~t~~0)$5}~~~~~~9Go 
(0058) 

7. T •y 7 S 2 0 3 c t;:t , -3" ""<' -{ 7 ill < t:. !& IJ fi:t ~:t G tt t.::: fp i/Mt t Y -it '/:J, G O) 1:±:l :fJ ~.: J: IJ , 40 

.:-t- 0) ~ / ,j- c' (fJ ffliJ JE Ml ~ ~ {ft iB J \ 9 - / ~1 JE ffi m t 9 G O ~ {;$: (J-tJ t;: ti . /Ee ~ft -t'. / ,tj-- 1,r cg. y 

.,(7~G~-~~0Ma•~*c'OJffimf,t ■ ~c'~0~~-tY,j-~Ec:L. &?-{-';!~ 

G'l§'~*c'OJIE§JIMtJ,tffirJ£900 7-17~ 2 --::>fieffl L. :rn-r:h.?.,( 7 1, ?--{ 7 2 -f:p Gg 
~~c'OJ/@~ftf,r l d l, 1 d 2 C:9Go 
(0059] 

7. T ·y / S 2 0 4 c' t;l: • jl.1 J_!I! ~ 1-E g~ 1 0 3 a ff, , {iL iB 1 \ P - :::.,, ~ 1:±:l g~ 1 0 2 -C ~ lli L tc 

{ll u!'t l \ 5< - y ~1 JE ffi m ~ £1! t,' • 3 --::, OJ {tl iB l \ 7 - / Cf) E tl tc ~ 9 G 7J' 5} ~ 9 G O 3 --::, OJ J \ 

9-:::.,,::r.L~T~z:~9" 
( 1 A ) ""'< --{ 7 I tz: ff 71iJt iJ~ tit ili L -C lt' G c 

( 2 A ) ? -{ 7 2 tc ~ Wit iJt ~ :i5: L -C l.t' 0 0 50 
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( 12) 

( 3 A ) l:: i5 G 0) 'Z --1 7 tc. 'b ff ii.if! £j: ~ ill L, T v' 1J: lt' a 

[0060] 

JP 2010-232862 A 2010.10.14 

c 0) c 1§- , Ne ~ 00 fil[ 1 d t h r e :a: JE :ti c 9 G c , ;!Jc. :rX ( 2 6 ) tf· fi>t fJ iL -:::i ~ i':i" fc , ( 
1 A ) ic. B ~ 1-, , ${_ :rX c 2 1 ) t:f• 11x 1J JI.. J :tJ;J s i.:. , c 2 A ) ~c:. B m 9 0 o 

[~ 1 8] 

ld 1 < ldtrue } . . . . (26) 

ld 2 > ldt11re 

[0061] 

...t 1t2 0) -fiiJ tl T 't tJ: l,' JJ.;.) s ic t;i ' ( 3 A ) 0) ill !iii / \ :9 - ::;,., re 5t ~ 9 0 0 f_j'[ NII \ :9 - ::;,., 5t ~ l~ 
0), AT'Y7°S 2 0 5&rf7-..'T'Y7°S 2 0 60)9!.Hlll.r~L [gj20).:.ZT'Y7°S 1 0 5&rf7-..'r 
,y 7° S 1 0 6 c:: !;1J ~ ® 0 (J) T , C C. T ti tJl SJ] ~ lfi' Jug '9 0 o 

(0062] 

10 

cm 3 0) ;:t JJm % ~) 20 

~10~, ffi30)~~%~~-bGff%mg&~~ffi97 □ 'Y7~T~0a ffi3(J)~~ 

1B ~ tc ~ b 0 ff ?'i 91.1 g ~ ~ 1 O O b ta: , {ll ~ -tz :.,, ~ '/J' G (J) J..... 11 c , E'- m ~ c: , ic ¥ -:5 t,' T 
' cg: vJ 0) f_j'[ al I \ 9 - ::;,., ~ ~ i±l L ' ill ff! I'\ 9 - ::;,., 4ij le M ;;t 9 G ~ pi 91.1 !JI! ~ ~ fi 9 G 0 

(0063] 

Ef .P5 9l1 l.lll. ~ iii 1 o O b ti , ff A fl 8() 1 O 1 , flI iii ,, "' 9 - Y ~ 1'±1 S~ 1 O 2 b , .911 g ~ JE gB 

1O3b, {§~9J.1l.lll.Ji~l04, &If-, ,,,:9-::;,.,DB1O9b~~9GD 

cg A 11 fm 1 0 1 tj: , 'Z --1 7 1J' G (J) A jJ tif ~ -r ':> :9 Jv {I:: ~ .:fl. t-:. li fg ~ h:: ~ ~ L , tif Jii (J) !Ia 
*1 ~ l,r £€ 1±1 9' -t> o {11 rnii ,, , ;t. - ::;,., ~ 1±1 gr, 1 o 2 b tj: , {u rnii ~ Y -it 'h' G 0) A 11 c: ff Jii c iJ, G tif 
~ c -z --1 7 t. (J) {lI. t!I ,, \ :9 - :,, 0) fig ~ ~ ~ t±l '9 0 o f/JH.l!l. Be JE g~ 1 o 3 b ~j: , fll. ITl r, :9 - :,, 0) 

1~ ~ l,r , r ol6 ~ f~ '9 -t> f.U: ml 1, :9 - ::;,., IC. ~ S ""9' 0 C c tc: J: '? T ~ fi '9 0 y;JJ, g ~ i'.1UE '9 0 o -fg 30 

~9J.1gSI04~, 9.!.1~~~$(J)BcJE~W~TmlJ!~fi~o 
[0064] 
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PURPOSE: To prevent a desired voice itself from being reduce even in the case a 
voice which is not an objective one comes from a desired voice direction and mixed 
with a reference input in a noise reducing device. 
CONSTITUTION: The output signal of a 1st microphone 11 for collecting the desired 
voice is supplied to a subtracting means 15. The output signal of a 2nd microphone 21 
which is low in sensitivity in the arrival direction f the desired voice is supplied to the 
subtracting means 15 through an adaptive filter means 24. The subtracting means 15 
subtracts the output signal of the adaptive filter means from the output signal of the 
1st microphone 11. The adaptive means is so adjusted as to minimize the output power 
of the subtracting means. The weighting coefficient of the coefficient multiplier of the 
adaptive filter means is monitored and when the weighting coefficient exceeds a value 
at which even a voice from the desired voice direction is also reduced, the adaptive 
processing of the adaptive filter means is limited. 
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Undar tile Paperwork R,ductlon kt of 1995, no persons an, "'"-'trod to nispcnd to ccllactian of informa!Jon unless it dlll!llays 8 valld 0MB control 

number. 

P11O165US01 Attorney's Ref. No.: 

Declaration and Power of Attorney For Patent Application 

~IWl±IU'il'B-ff&VH~ 
Japanese language Declaration 

$.1:t, ~"FIi:~ ~t\.it~IJJf:ft .!:: 1.,-C. ~.:: ~tiaO">ii I;) '.e:tt 
1"::5: 

:fl.~. ~{il!:11.)je~H:: l, -Cll)ftil;I:, :f;i.O) ~ (I){& I.:~~ ti, 
l't.i!Ii l> "t" it,-:,. 

rEOJ.it;:l'/JiO)~JJ.11~ "?\. '-Cf-i'H~ K lcint ~ ti,, .fl.:-::>ftff 
~1~t, on -ci,,-Q§!oo~1::r;111.., -c, ~ii:W. :Nl:~li-?l!!-11'J 
~IY.l;ff-"t'&i Q Cllt-O)a';4i,~lil• ~n-C\.'o~) t,,, iil!:1r,1:til 
:f}J, ~.!1..-?;lt:fa'J~IJ]~"t'"i!><i (1'Jfil1)~4i,~Sfe:Jl'dtc'f:i1,'.('l,,l,~ 
-&) .!::ftt.-c1,,<5. 

..tlc~l9JO'Jll'3aa!Wt.l:.::.:: l.:::.tl#~:h, "C'\.'o ·/A rrcll'1)ffll~=f'.:i:: 
::,? ati,-c1,,Qfftt • .::o:>l!JHJ ~t,1:1,,: 

□ __ (I) IH~li!JiA,Ht,,. 
:::. o, !$iall.HIE:11! 111D::il'=.J}~ 7':::.1-1 P CT lflliil!illiffi:¾t;i:, 
-- "l:'l>!'J. 11.-? 
__ o, 1:111:-tit.IE.at\.'l'ttl:ili (JJHi!i"'-?ift) 

::fl.t.t • ..1:.eao.,nf§:11: .t-:>-cnen-r.:. 4tmfl~lfflt:-S-tr 
'J::.!ra~fflllC::t:-~t-tt.., 11. -?~:ffi:'-l,"n•l>:::. ~ :&:-::.::. l~ftll)!I 
'rQo 

~/;l, is!;11!;1R.JtlJttiA;i3 7f;,m{Ul. 5 6 l,::.~4i~h,"t1t,{,, 
!ltffttl1:-::>~'i'."£'R't.tffi~IHi:'Bll~oil1tlt,fl.,o.::. ~ ~a»~. 

A$ a below named inventor, I hereby declare that 

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

I believe I am the original, first. and sole Inventor (it' only one 
name is Osted below) or an origina~ first m,d joint inventor (if 
plural narm,s are. lined below) of the sul;iJect matter which Is 
claimed and for which a patent ls sought on the Invention 
entitled 

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

the specificatlon of which is attached hereto unless the 
following box is checked; 

0 was filed on 
as United States AppUcation Number or 
POT Intematlonal Application Number 
and wa11 amended on 
Of appricable). 

I herebv state th11t I have reviewed and understand the contents 
of the above idont!fiad specification, including the claims, as 
amended by arri, amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentabiliw as defined in Title 37, Code of Federal 
Regulatiorm, Section 1.56. 

Ba:rden llolXI' Strit.e121a11t'! Tbia fotm .is estimated to take 0.4 hours to aimplote. T'llXl8 will YaJ:)' depending upon the needs of the individual ca.ae. Any 
, commeut.a (1Q t.be a.mount of time )'1111. an, :required to 1J1wpMe this fi:u:m 5bonlcl be 11e11t to the Chief InCor:matiDn Olfialr, Patent ru:id 'l'l'ademark 
.Dfiic:a. Washington, DC 20281, DO NOT SJND FEES OR COMPLETED FORMS TO TJDS ADDRESS. SEND TO: Comm.issionu of Pat.cots iu:id 
'l'r,ulr.marb. W1111'1-ri~n. 00 202.'11 
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PTO/SB/106 (8--116) 
Approved far IIS8 through S/30/98 0MB 0651-()032 

Patent and Trlld'emark Offio..; U.S. DEPARTMENT OF COMMERCE 
Under Uia Paperwork Redui:tlon Act of 1995, no persons are req11lred to respond to colloction of lnfonnation unJeu It displ,iyg a vaEd 0MB contra! 

mlmbcr. 

Japanese Language Declaration 
( ~ *ff'.k"Bilf) 

~~- ~~~-~r~lillltt.,1t~ml~~*»ti:IB~1t~~~~ 
l!if.(l)!±!lli, )lti,,J'j;~laf~O,pf.e( c!:: ~-ml~ffi'>I! l,'"'C\,'Q*J!I 
~Jl4ffl 3 s&mm 3 6 5 *< a )l;:;.J; g PC Tlilf.ilWlh{lt'.'?\t''"'C, Fl 
:fiJ 1 1 9 ~ ( a ) - ( d) lJDtl:t. 3 6 6 5"i: ( b) ',i(l;:;.3i&-:;S1, v·c ~ 
~~~~TQl:.~~~--~-~~~TQ*H:1~0,1:filmaJ:~i 
Pl!(l)/:l:UJil3 €:'~Tg~l!'i/~o,Qliilll{~tc.lli!IJ.l:f'ID'fO)H:llm, ~ 
\.'l:tP CT[i1,11';lti:llilil1:."?\t'"C'l:t, 1,,1),IJ:ol:Wllii:i, "'ftccr;ftl-'9-t" 
'1"= ~ ~TQ ::::.1:.1:: J: ll ff. t-1t. 

Prior Fon:ign .Appllcation{s} 
~~ ~O) .;trr ~a 

2011-201759 
CNurnber) 

(i/1:-Jt) 

2011-201760 
(Number) 

(:ffl:-1;-) 

Japan 
(Oounby) 

(~:it) 

Japan 
(001mtry) 

(l!l:it) 

~l'J:, :.: :. I::, "ffa(1)1,,:i})fJ:i5*riil<&:4ff"fWlffil~-?W't'b, -{:­
o:,*mt=A•3 SIU 1 9!te(e):g((7.)~:fttt::l:.~T-5. 

(Application No.) 
(lfi'6f:jff:¾) 

(Filing Dato) 
(l:lillO) 

~t;l:, :. .: i,-::, '"ffa(Ol,,tp,f.t,!)*fll!:liifft"?\,\"(' t' ,t-Q)*llf 
~A~ s 5 liffi l 2 o ~li:ilili-:S< lf!HHi: ~ L-, .:ioltlil t:-tt!f~T 
-r,1,,:u-,.f.toPCT!II!Jil:l:U!ill:.-:>\t'"'Cf:>, -co:>lffljjl3 6 5~(c)I.:: 
~~<~~~ffi~TQ~~~-*l:l:Ullio:>~*~ffl~O)-Wo:,.:EO 
~*~~A~35~ffill20la1t.n~:n1t~§~.~fi 
To*lililfffl:liMXl'1 p C Tl!l!MW!ffil;:::lllJ~ ~:h, '"'Clr't.l:v'ffK'. 
:fov''Tt.t.. -{:-17.>;\;fiW.l!\lU:,jflfllHl .!::*lilr91:bll 1:3 "3;1t:/:tP CT~ 
•~•ato:>OOo:>~M*t.::.A~~:n~tiffl.~-~~UJMm3 
v oiaitd 1. 5 6 K'A::iii'ti~:h.1tq;jil'ft!E~ll!U·:,-?>.lil!f.t-M4ilt.-?\.' 
"C'Jlllff--l!lf'/JS#:..:S ::.1::. ~lJ:ill-T-:i, 

(Application NoJ 
(tf:l)g:flt-lj-) 

(Filin.rDate) 
(1:1:1//IIHI) 

(Application No.) (Filing Date) 
(Wliil=-1}) CH:111 a> 

:i:1.1;1;, ::. .:. 1~1JJ anttu m.t(1,)~J.::fi\bol!t~vS•J:r·c-;t, 
~ • .li-?l1ift.!:::fsi"!>.:. t1.::&-1< bnt, ~~"-"ib-?:i l:.i!t:& 
tLo::: .1:: t-lt:'lltt.,, ~ e, 11:, at;1il;:;.Jt!i,t',u.>IDl!~f.t:.!!t":fi-:,tt.tJ-8-
J'j;. *fjlt;!i:1/iOIU s MfU o o 1 ~IC~~. !ll&':tt.:::t.t~. 
;l!ft.,< t:HQ;)filii:1Jl:::J: !Hll!fll~:tL. 'll;tt,t-q;.t 57'.t1tB:lt:J;;ol:t 
{Ao,ftil!,ilH:1, *iliDlf: ttt.t~:nk::~ t, -r~:fi a :tL-c '1':i)•~ /5~ 
b,~O)fillb~l-::OOM~~~~~~~-~~~~~~~fft,~ 
~.:. .!: ~- :.: .:.1r.1ttto. 

t hereby claim foreien priority under Trtle 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 PCT 
International eppUcation which designated et least one country 
other than the Unlted States, Asted below and have ali.o 
identified below, by checking the box, any fcreliin appllcatlon for 
patent or Inventor's certfficate, Of" PCT Intamatlonal appUcation 
having a filing date before that of the appllc:atlon on which 
priority Is c:la!rned. 

15/September/2011 

(Day/Month/Year Filed) 
(WliJil:1/ .R /"F) 

15/September/2011 
(Day/Month/Yev Flied) 

Cf±lflUVJ.J/~) 

Priority Nat Claimed 
fl'~~::J:;~f.t l, 

D 

□ 

I hereby claim the benefit under Title 35, Unite,d States Oode, 
Section 119 Ce) of any United St.ates provisional application(s) 
limdbalow. 

(AppUcation No,) 
(1:1:llilff) 

(Filing Date) 

CW!eia) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 (c) of 
any POT lntematlonal applicatlc:,n designating the United Stauas, 
listed below and, insofar as the subject matter of each of the 
claims of this appRcation is not disclosed in the prior United 
States or PCT lrrtematianal application in the manner provided 
by the first paragraph cf rrt1e 35, United States Code, Section 
112. I acknowlede;e the duw to discloaa infonnatlan which is 
material to patentability as defmed in 11tle 37, Code of Federal 
Regulations, Sect.Ion 1.58 which became avallable between the 
filing date of the prior app6cation and the neffonal or POT 
International filing date of appBcation: 

(Status: Patented, Pencf"111g, Abandoned) 

c•m: q,,$iffl'f"iiJ, -t'l:l.llfi. o> 

(St.ntus: Patented, Pending, Abandoned) 
(WSl. : i'jt,ffij"f'li]'' ~.1/JS!fi, 1./Ul,i) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all stat.ements made on infonnation 
and belief are beUeved to be true; and further that these 
statements were made with tho knowledge that wlllful false 
statements and the like so made are punishable by fine or 
Imprisonment, or beth, under Section 1001 -of lltle 18 of the 
United Stat.es Code and that 1iuch w!Uful false statements may 
jeopardize the validity of the application Qr any patent issued 
thereon, 
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PTO/SB/108 (MS) 
Apprvved for u:.o through 9/30/98 DMl3 0651-003i 

Patmt rmdTrail•mlirk Ollice; U.S. DEPARTMENT OF COMNJmCE 
Undilr the Paj'lerworll ReduGtian Act of 1995, no persons 11111 m~ to respond 1o oallectiun oflnfanmtlan unlosc It displays o vall.d OM8 c;ontn,I 

numbor. 

Japanese Language Declaration 
( ~ *if.ii:~tf) 

~ff:*: f/.f:t,;j;.:Wlffi ~b;--o ~ t:-ff ~', .I! -::>*OO~M'iOWX POWER OF ATTORNEY: As a named inventor, J hereby appoint 
Ir>:. CO::i:""C' Q)JHi~:iiffi" oft.~ i.:.... l@cg ~ h.ft:!li'!IJl!l.:ff l::: L. "t, the fallowing attomey{s) and/or agenl(s) to prosecute 1his 
r~CO~~±&U/*~~~-±~T"Q 0 (J!;I¥,&~~ application arid transac.t eH business In the Patent and Trademark 
1.t:5:-fa3i",?,.:.l:::) Office connected therewith, (//st nnme end rel!)stratlon number) 

Customer Number 
26360 

. ~* : Send Correspcndence tn: 

Customer Number 
26360 

-tlffiii!IUf1ii : (~ AfI& 0:,itlit-ffl'-J}) Direct Telephone Calls to: (name and telephone number) 

I 
Edward G. Greive 
(330)376-1242 

P(t-Ji; it.li:ffi-~00:lf ~ FuD name of sole or first inventor 

Takaal<l YAMABE 
~IJl#©fi 13# 

Li~~ 
Date 

,o/Au.°ltl5t/i.011 
it!i Residenee 
B*ffl .• Yokosuka-Shi Kanaimwa-Ken, Japan 

~ff Citizenship 

J:l;.j;: Japan 
!illi!0..,1.'i9f:i Post Office Address 

c/o Intellectual Property Department, JVO KENWOOD 
Cllrporation, 12, Mariya-Cho 3-Chome, Kanagawa-Ku, 
Yokohama-Shi, Kanagawa-Ken, JAPAN 

m-=~00~191.:ff Full name of Gecond Joint inventor, if ariy 

1ili=~llil~!lJl:lf°U>!f41; IHt Second lnvontor's signature Date 

f:l:i,f Residence 

llllff Citizenship 

lli!f{l!:(l')ff_$t; Post Office Address 

(ffl~ "FQ):'liliiJ§ft~Jffk:-::>ll'"C 'b FA'll:!ll~- L- • .Jil-4Zi t:-t-;:, ~ (Supply similar information and signature for third and subsequent 

t) joint inventorn.) 
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