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(57) ABSTRACT 

Provided are a hearing aid, signal processing method, and 
program that enable TV Sound to be made easier for a hearing 
aid user to hear when wishing to watch TV, and a person's 
voice to be made easier to hear when wishing to converse with 
that person. A hearing aid (100) is provided with an other 
person's speech detection section (150) that detects speech of 
a speaker other than the wearer using detected Sound Source 
direction information, an own-speech detection result, and a 
TV sound detection result, and a per-sound-source frequency 
calculation section (160) that calculates the frequency of each 
Sound source using an own-speech detection result, TV Sound 
detection result, other-speaker's speech detection result, and 
Sound source direction information. A scene determination 
section (170) determines a scene to be a “conversation scene.” 
“TV viewing scene.” and “TV viewing while . . . scene’ 
using Sound source direction information and the per-sound 
Source frequency, and an output Sound control section (180) 
controls hearing of the hearing aid (100) according to a deter 
mined scene. 
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HEARING AID, SIGNAL PROCESSING 
METHOD, AND PROGRAM 

TECHNICAL FIELD 

0001. The present invention relates to a hearing aid, signal 
processing method, and program that make a desired Sound 
easier to hear for a hearing aid user. 

BACKGROUND ART 

0002 Generally, when hearing ability declines, small 
sounds become difficult to hear. Ahearing aid is a device that 
amplifies such small sounds, making them easier to hear for a 
person with reduced hearing ability. However, since a hearing 
aid increases not only a desired sound but also noise, it is 
difficult to hear the voice of a person who is conversing with, 
or the Sound of a TV, in a noisy environment. 
0003. A method of making only a specific sound easier to 
hear in a noisy environment is to orient the directivity of a 
microphone toward a desired sound source. Orienting the 
directivity of a hearing aid microphone toward a desired 
Sound Source Suppresses ambient noise and improves the 
SNR (Signal to Noise ratio), enabling only a specific sound in 
that direction to be made easier to hear. 
0004. In Patent Literature 1, a microphone is described 
that detects a sound Source direction by having two or more 
pairs of directivities, and switches to the detected direction. 
By having its directivity oriented in the direction of a sound 
source, the microphone described in Patent Literature 1 can 
make sound from the sound source easier to hear when there 
is only one sound source, but when there are a plurality of 
Sound sources it is necessary for the hearing aid user to 
specify in which direction the desired sound source is located. 
0005. In Patent Literature 2, a hearing aid is described that 
automatically controls directivity rather than having the user 
specify the direction of a desired sound source by means of an 
operation. The hearing aid described in Patent Literature 2 
detects the hearing aid user's line of sight, and orients direc 
tivity in that line of sight direction. 
0006. On the other hand, another method of making only a 
specific sound easier to hear in a noisy environment is for the 
sound of a TV to be captured by a hearing aid directly, and 
output from the hearing aid speaker. With this method, the 
sound of a TV, audio device, or mobile phone is captured by 
a hearing aid using Bluetooth radio communication by means 
ofa user operation, and the captured TV or other sound can be 
heard directly via the hearing aid. An example of a product 
that uses such a method is Tek Multi Navigator (SIEMENS) 
(http://www.siemens-hi.co.jp/catalogue?tek.php#). How 
ever, as in the case of Patent Literature 2, this method requires 
a hearing aid user to perform a manual Switching operation 
when viewing TV and so forth. 

CITATION LIST 

Patent Literature 

PTL 1 

0007 Japanese Utility Model Registration Application 
No. 62-150464 

PTL 2 

0008 Japanese Patent Application Laid-Open No. 
9-327097 
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PTL3 

0009 Japanese Patent Application Laid-Open No. 
58-88996 

SUMMARY OF INVENTION 

Technical Problem 

0010. However, in a typical household there are a plurality 
of Sound Sources, and which Sound a user wishes to hear 
varies from moment to moment. ATV, in particular, is a Sound 
source that is routinely present in a household. Since a TV is 
often left Switched on and emitting Sound even when not 
being watched, there are many cases in which a plurality of 
Sound sources—conversation and TV Sound—are present. 
0011. In a case in which a plurality of sound sources— 
conversation and TV Sound—are present in this way, it is 
desirable for the voice of a conversation partner to be made 
easier to hear when conversing with a family member, and for 
the sound of the TV to be made easier to hear when wishing 
to watch TV. However, with the above-described conven 
tional technologies, it is necessary for a hearing aid user to 
perform a manual operation regarding which Sound the user 
wishes to hear, and that is burdensome. 
0012. Also, with the apparatus described in Patent Litera 
ture 2, directivity is controlled automatically in a line of sight 
direction by means of line of sight detection. However, there 
is a problem if a hearing aid user wishes to discuss a TV 
program being watched with other family members, since 
directivity is oriented toward the TV, which is the line of sight 
direction, making it difficult to hear a family member's voice 
and hold a conversation. 
0013. It is an object of the present invention to provide a 
hearing aid, signal processing method, and program that 
enable TV sound to be made easier for a hearing aid user to 
hear when wishing to watch TV, and a person's voice to be 
made easier to hear when wishing to converse with that per 
SO. 

Solution to Problem 

0014. A hearing aid of the present invention has a micro 
phone array worn on both ears, and employs a configuration 
having: a Sound source direction estimation section that 
detects a sound source direction from a sound signal input 
from the microphone array; an own-speech detection section 
that detects the voice of a hearing aid wearer from the sound 
signal; a TV sound detection section that detects TV sound 
from the Sound signal; an other-speaker's speech detection 
section that detects speech of a speaker other than a wearer 
based on the detected sound source direction information, the 
own-speech detection result, and the TV sound detection 
result; a per-sound-source frequency calculation section that 
calculates the frequency of each sound Source based on the 
own-speech detection result, the TV sound detection result, 
the other-speaker's speech detection result, and the Sound 
Source direction information; a scene determination section 
that determines a scene using the sound source direction 
information and the per-sound-source frequency; and an out 
put Sound control section that controls hearing of a hearing 
aid according to the determined scene. 
0015. A signal processing method of the present invention 
is a signal processing method of a hearing aid having a micro 
phone array worn on both ears, and has: a step of detecting a 
Sound source direction from a sound signal input from the 
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microphone array; a step of detecting the Voice of a hearing 
aid wearer from the sound signal; a step of detecting TV 
Sound from the Sound signal; a step of detecting speech of a 
speaker other than a wearer based on the detected sound 
Source direction information, the own-speech detection 
result, and the TV sound detection result; a step of calculating 
the frequency of each Sound source using the own-speech 
detection result, the TV sound detection result, the other 
speaker's speech detection result, and the Sound source direc 
tion information; a step of determining a scene based on the 
Sound Source direction information and the per-Sound-source 
frequency; and a step of controlling hearing of a hearing aid 
according to the determined scene. 
0016. From another viewpoint, the present invention is a 
program that causes a computer to execute each step of the 
above-described signal processing method. 

Advantageous Effects of Invention 

0017. The present invention enables a hearing aid user to 
make a Sound the user wishes to hear easier to hear according 
to a scene when there are a plurality of Sound Sources com 
prising a TV and conversation. For example, the Sound of a 
TV becomes easier to hear when a hearing aid user wishes to 
watch TV, and a person's voice becomes easier to hear when 
a hearing aid user wishes to converse with that person, and 
furthermore, in a situation in which a hearing aid user holds a 
conversation while watching TV, not one or other of the 
sounds but both sounds can be heard. 

BRIEF DESCRIPTION OF DRAWINGS 

0018 FIG. 1 is a drawing showing the configuration of a 
hearing aid according to an embodiment of the present inven 
tion; 
0019 FIG. 2 is a block diagram showing a principal-part 
configuration of a hearing aid according to the above embodi 
ment, 
0020 FIG.3 is a drawing showing positional relationships 
among a hearing aid user wearing a hearing aid according to 
the above embodiment in his/her ears, a TV, and persons 
engaged in conversation; 
0021 FIG. 4 is a flowchart showing the processing flow of 
a hearing aid according to the above embodiment; 
0022 FIG. 5 is a drawing showing sound source direction 
estimation experimental results for a hearing aid according to 
the above embodiment; 
0023 FIG. 6 is a drawing showing TV sound detection 
experimental results for a hearing aid according to the above 
embodiment; 
0024 FIG. 7 is a drawing in which are plotted the results of 
performing own speech, TV-only sound, and other-person's 
speech determination for per-frame sound source direction 
estimation results of a hearing aid according to the above 
embodiment; 
0025 FIG. 8 is a drawing showing “conversation scene’ 
frequency by Sound source of a hearing aid according to the 
above embodiment; 
0026 FIG. 9 is a drawing showing “TV scene' frequency 
by sound source of a hearing aid according to the above 
embodiment; 
0027 FIG. 10 is a drawing showing “viewing while ... 
scene' frequency by sound Source of a hearing aid according 
to the above embodiment; 
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0028 FIG. 11 is a drawing showing a table indicating 
scene features of a hearing aid according to the above 
embodiment; 
0029 FIG. 12 is a drawing representing an example of 
scene determination by means of a point addition method of 
a hearing aid according to the above embodiment; 
0030 FIG. 13 is a drawing representing an example of 
rule-based scene determination of a hearing aid according to 
the above embodiment; and 
0031 FIG. 14 is a drawing showing the configuration of a 
hearing aid that controls the volume of a TV according to the 
above embodiment. 

DESCRIPTION OF EMBODIMENT 

0032. Now, an embodiment of the present invention will 
be described in detail with reference to the accompanying 
drawings. 

Embodiment 

0033 FIG. 1 is a drawing showing the configuration of a 
hearing aid according to an embodiment of the present inven 
tion. This embodiment is an example of application to a 
remotely controlled hearing aid of a type in which the hearing 
aid body and earphones are separate (hereinafter abbreviated 
to “hearing aid”). 
0034. As shown in FIG.1, hearing aid 100 is provided with 
hearing aid housings 101 that fit around the ears, and remote 
control apparatus 105 connected to hearing aid housings 101 
by wires. 
0035. There are two identically configured hearing aid 
housings 101, for the left and right ear respectively. Left and 
right hearing aid housings 101 each have microphone array 
102 comprising two microphones that pick up ambient Sound 
installed in a front-and-rear arrangement in the upperpart, for 
a total of four microphones. 
0036) Each hearing aid housing 101 incorporates speaker 
103 that outputs Sound that has undergone hearing enhance 
ment processing or TV sound, and speaker 103 is connected 
by means of a tube to ear tip 104 that fits inside the ear. A 
hearing aid user can hear Sound output from speaker 103 from 
ear tip 104. 
0037 Remote control apparatus 105 is provided with CPU 
106 that performs hearing aid 100 control and computational 
operations, and transmission/reception section 107 that 
receives a radio wave sent from audio transmitter 108. 

0038 Audio transmitter 108 is connected to TV 109, and 
transmits a TV sound signal by means of Bluetooth or such 
like radio communication. 
0039. On receiving a radio wave sent from audio transmit 
ter 108, transmission/reception section 107 sends the 
received TV sound to CPU 106. 
0040 Also, sound picked up by microphone array 102 is 
sent to CPU 106 in remote control apparatus 105. 
0041 CPU 106 performs hearing enhancement process 
ing Such as directivity control or amplification of gain of a 
frequency band for which hearing ability has declined on 
Sound input from microphone array 102 to enable the hearing 
aid user to hear the sound better, and outputs the sound from 
speaker 103. Also, CPU 106 outputs received TV sound from 
speaker 103 according to the circumstances. The CPU 106 
signal processing method is illustrated in detail by means of 
FIG. 4 through FIG. 13. 
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0042 Normally, remote control apparatus 105 is placed in 
a hearing aid user's breast pocket or the like, processes sound 
picked up by microphone array 102 inside hearing aid hous 
ing 101, and provides this sound to the user wearing ear tip 
104. 
0043 Transmission/reception section 107 incorporated in 
remote control apparatus 105 of hearing aid 100 receives a 
radio signal transmitted from audio transmitter 108 con 
nected to TV 109. The hearing aid user can switch between 
hearing actual ambient Sound acquired by hearing aid 100 and 
TV 109 sound. Hearing aid 100 not only enables switching by 
means of a hearing aid user operation, but also automatically 
determines the situation and enables the hearing aid user to 
hear desired sound in an optimal fashion. 
0044. In this embodiment, hearing aid housings 101 are 
connected to remote control apparatus 105 by wires, but radio 
connection may also be used. Also, left and right hearing aid 
housings 101 may be provided with a DSP (Digital Signal 
Processor) that performs some of the signal processing, rather 
than having all hearing enhancement processing performed 
by CPU 106 in remote control apparatus 105. 
0045 FIG. 2 is a block diagram showing a principal-part 
configuration of hearing aid 100 according to this embodi 
ment. 

0046. As shown in FIG.2, hearing aid 100 is provided with 
microphone array 102, A/D (Analog to Digital) conversion 
section 110, sound source direction estimation section 120, 
own-speech detection section 130, TV sound detection sec 
tion 140, other-person's speech detection section 150, per 
Sound-source frequency calculation section 160, Scene deter 
mination section 170, and output sound control section 180. 
0047 TV sound detection section 140 comprises micro 
phone input short-time power calculation section 141, TV 
sound short-time power calculation section 142, and TV-only 
interval detection section 143. 
0048 Microphone array 102 is a sound pickup apparatus 
in which a plurality of microphones are arrayed. Hearing aid 
100 is worn with microphone arrays 102 provided for both 
CaS 

0049 A/D conversion section 110 converts a sound signal 
input from microphone array 102 to a digital signal. 
0050 Sound source direction estimation section 120 
detects a sound source direction from an A/D-converted 
Sound signal. 
0051) Own-speech detection section 130 detects a hearing 
aid user's voice from an A/D-converted Sound signal. 
0052 TV sound detection section 140 detects TV sound 
from an A/D-converted Sound signal. In the description of this 
embodiment, a TV is used as an example of a Sound Source 
that is routinely present in a household. A signal detected by 
TV sound detection section 140 may of course be TV sound, 
or may be a sound signal of an AV device of some kind, other 
than TV sound. Such AV devices include, for example, a BD 
(Blu-ray Disc)/DVD (Digital Versatile Disk) apparatus or a 
streaming data playback apparatus using broadband trans 
mission. In the following specification, TV Sound is used as a 
generic term for sound received from any of a variety of AV 
devices, including TV sound. 
0053 Microphone input short-time power calculation sec 
tion 141 calculates short-time power of a sound signal con 
verted by A/D conversion section 110. 
0054 TV sound short-time power calculation section 142 
calculates short-time power of received TV sound. 
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0055 TV-only interval detection section 143 decides a 
TV-only interval using received TV sound and a sound signal 
converted by A/D conversion section 110. To be precise, 
TV-only interval detection section 143 compares TV sound 
short-time power with microphone input short-time power, 
and detects an interval for which the difference is within a 
predetermined range as a TV-only interval. 
0056. Other-person's speech detection section 150 detects 
speech of a speaker other than the wearer using detected 
Sound source direction information, the own-speech detec 
tion result, and the TV sound detection result. 
0057 Per-sound-source frequency calculation section 160 
calculates the frequency of each Sound Source using the own 
speech detection result, TV sound detection result, other 
speaker's speech detection result, and Sound Source direction 
information. 
0.058 Scene determination section 170 determines a scene 
using Sound source direction information and the per-sound 
Source frequency. Scene types include a “conversation scene’ 
in which the wearer is engaged in conversation, a “TV view 
ing scene” in which the wearer is watching TV, and a “TV 
viewing while . . . scene” in which the wearer is simulta 
neously engaged in conversation and watching TV. 
0059. Output sound control section 180 processes sound 
input from a microphone so as to make the Sound easier for 
the user to hear, and controls hearing of hearing aid 100, 
according to a scene determined by Scene determination sec 
tion 170. Output sound control section 180 controls hearing 
of hearing aid 100 by means of directivity control. In a “con 
Versation scene.” for example, output sound control section 
180 orients a directivity beam in a frontal direction. In a “TV 
viewing scene. output sound control section 180 orients a 
directivity beam in a frontal direction. Furthermore, in a “TV 
viewing scene.' output sound control section 180 outputs TV 
sound received by a TV sound reception section. In a “TV 
viewing while ... scene, output sound control section 180 
controls wide directivity. In this case, in a “TV viewing while 

. scene. output sound control section 180 outputs TV 
Sound received by a TV sound reception section to one ear, 
and outputs sound with wide directivity to the other ear. 
0060. The operation of hearing aid 100 configured as 
described above will now be explained. 
0061 FIG.3 shows examples of the use ofhearing aid 100. 
0062 FIG.3 is a drawing showing positional relationships 
among a hearing aid user wearing a hearing aid in his/her ears, 
a TV, and persons engaged in conversation. 
0063. In FIG. 3 (a), the TV is on, but the hearing aid user 
is engaged in conversation with family members and is not 
particularly watching the TV. This scene will be called a 
“conversation scene.” TV sound flows from a TV speaker on 
the right of the hearing aid user, and the hearing aid user is 
engaged in conversation with persons directly in front, and in 
front and to the left. In this “conversation scene.” TV sound 
interferes with the conversation and makes conversation dif 
ficult, and it is therefore desirable to perform control that 
orients directivity forward. 
0064. In FIG.3 (b), the positions of the persons and the TV 
are the same as in FIG. 3 (a), but the hearing aid user is 
watching TV while family members to the left are engaged in 
conversation. This scene will be called a “TV scene.” In this 
“TV scene, the conversation between family members is a 
disturbance making it difficult to hear the TV sound directly, 
and it is therefore necessary for the hearing aid user to manu 
ally perform a Switching operation to output TV Sound 
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directly from the hearing aid. In this “TV scene, it is desir 
able for this switching to be performed automatically, or for 
directivity to be oriented forward, in the direction of the TV. 
0065. In FIG.3 (c), the positions of the persons and the TV 
are the same as in FIGS. 3 (a) and (b), but the hearing aid user 
is watching TV while discussing the TV program with family 
members to the side. This scene will be called a “ viewing 
while . . . scene.” In this “viewing while . . . scene, it is 
necessary to hear both the TV sound and the sound of the 
Voices of those engaged in conversation, rather than one 
sound or the other. Normally, this kind of conversation about 
a TV program is often conducted when TV sound has been 
interrupted, and therefore both TV sound and the voices of 
those engaged in conversation can be heard by providing 
non-directional sound or sound with wide directivity. 
0066 FIG. 4 is a flowchart showing the processing flow of 
hearing aid 100. This processing flow is executed by CPU 106 
at respective predetermined timings. 
0067 Sound picked up by microphone array 102 is con 
verted to a digital signal by A/D conversion section 110, and 
is output to CPU 106. CPU 106 executes the processing in 
step S1 through step S7 every frame (=1 second), which is a 
short-time unit. 
0068 Sound Source Direction Estimation 
0069. In step S1, sound source direction estimation sec 
tion 120 estimates a sound source direction by performing 
signal processing using a difference between times at which 
Sound arrives at each microphone from an A/D-converted 
Sound source, and outputs this estimated Sound source direc 
tion. Sound source direction estimation section 120 first finds 
a direction of a sound source every 512 points with 22.5° 
resolution for a sound signal sampled at a sampling frequency 
of 48 kHz. Next, sound source direction estimation section 
120 outputs a direction represented by the highest frequency 
within a 1-second frame as an estimated direction of that 
frame. Sound source direction estimation section 120 can 
obtain a sound source direction estimation result every sec 
ond. 
0070 Next, a description will be given of results of pick 
ing up ambient sound with hearing aid microphone array 102 
actually worn on both ears and performing a Sound Source 
direction estimation experiment for a scene in which a hear 
ing aid user is watching TV while engaging in conversation 
with persons to one side as shown in FIG. 3 (c). 
0071 FIG. 5 shows results output by sound source direc 
tion estimation section 120 at this time. 
0072 FIG. 5 is a drawing showing sound source direction 
estimation experimental results, with the horizontal axis rep 
resenting time (seconds) and the vertical axis representing 
direction. Direction is output in 22.5° steps from -180° to 
+180°, taking the frontal direction of the hearing aid user as 
0°, the leftward direction as negative, and the rightward direc 
tion as positive. 
0073. As shown in FIG. 5, sound source direction estima 
tion experimental results include estimation error in addition 
to the fact that sound output from a TV speaker directly in 
front of the hearing aid user and the voices of those being 
engaged in conversation to the left of the hearing aid user are 
mixed together. Consequently, what kind of sound source is in 
which direction is not known from this information alone. 
0074 Own-Speech Detection 
0075. In step S2, own-speech detection section 130 deter 
mines from an A/D-converted Sound signal whether or not a 
Sound signal inframet is an own-speech interval, and outputs 
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the result. As an own-speech detection method, there is, as a 
known technology, a method whereby own speech is detected 
by detecting speech vibrations due to bone conduction as in 
Patent Literature 3, for example. Using such a method, own 
speech detection section 130 takes an interval for which a 
vibration component is greater than or equal to a predeter 
mined threshold value as an own-speech utterance interval on 
a frame-by-frame basis. 
0076 TV Sound Detection 
(0077. In step S3, TV sound detection section 140 uses an 
A/D-converted Sound signal and an external TV Sound signal 
received by transmission/reception section 107 (FIG. 1) to 
determine whether or not an ambient sound environment in 
framet is a state in which only TV sound is being emitted, and 
outputs the result. 
0078 TV sound detection section 140 comprises micro 
phone input short-time power calculation section 141, TV 
sound short-time power calculation section 142, and TV-only 
interval detection section 143. Microphone input short-time 
power calculation section 141 calculates short-time power of 
a sound signal picked up by microphone array 102. TV Sound 
short-time power calculation section 142 calculates short 
time power of received TV sound. TV-only interval detection 
section 143 compares these two outputs, and detects an inter 
val for which the difference between them is within a prede 
termined range as a TV-only interval. 
007.9 The TV sound detection method will now be 
described. 
0080 Normally, sound output from a TV speaker is 
delayed and has reflected sound and so forth mixed in with it 
during transmission through space to a hearing aid micro 
phone, so that it is no longer the same as the original TV 
sound. Since delay also occurs in TV sound transmitted by 
means of a radio wave, there is a problem of unknown delay 
having to be considered and the amount of computation 
increasing when finding the correlation between Sound 
picked up by a microphone and original TV sound. 
I0081. Thus, in this embodiment, sound picked up by a 
microphone and original TV sound are compared using 
approximately 1-second short-time power that allows delay 
to be ignored. By this means, this embodiment makes is 
possible for TV sound detection to be performed with a small 
amount of computation independently of the distance from 
the TV, the room environment, and radio communication 
conditions. 
I0082 Microphone input short-time power calculation sec 
tion 141 uses equation 1 below to calculate power Pm(t) in a 
frame t 1-second interval for a sound signal of at least one 
non-directional microphone in microphone array 102. In 
equation 1, Xi represents a Sound signal, and N represents a 
number of samples in 1 second. When the sampling frequency 
is 48 kHz, N=48000. 

(Equation 1) 

Similarly, TV sound short-time power calculation section 142 
uses equation 2 below to calculate power Pt(t) in a 1-second 
interval for an external TV sound signal received by trans 
mission/reception section 107. Here, yi represents a TV 
Sound signal. 

(Equation 2) 
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Then level difference Ld(t) between microphone input sound 
and TV sound in frame t is found by means of equation 3 
below. 

0083) Next, a description will be given of results of per 
forming a TV Sound detection experiment for a scene in 
which a hearing aid user is watching TV while engaging in 
conversation with persons to one side as shown in FIG. 3 (c). 
Specifically, a TV sound detection experiment was conducted 
in which, in the scene in FIG.3 (c), ambient sound was picked 
up by hearing aid microphone array 102 actually worn on 
both ears and TV source Sound was also simultaneously 
recorded. 
0084 FIG. 6 is a drawing showing TV sound detection 
experimental results, with the horizontal axis representing 
time (seconds) and the vertical axis representing the power 
level difference (dB). 
I0085 FIG. 6 shows per-second power difference Ld 
between sound picked up by microphone array 102 and TV 
sound. Shaded areas enclosed by rectangles in FIG. 6 indicate 
intervals labeled by listeners as TV-only intervals. In an inter 
val with a nonsteady sound other than TV sound that is, the 
Voice of a person engaged in conversation or one's own 
voice power level difference Ld(t) varies. However, it can 
be seen that in a TV-only interval with no sound source other 
than TV sound, this power level difference is a value in the 
vicinity of -20 dB. From this, it can be seen that, for a 
TV-only interval, an interval in which only TV sound is 
emitted can be identified by taking a per-second power level 
difference as a feature amount. Thus, TV sound detection 
section 140 detects an interval for which power level differ 
ence Ld(t) is a value of -20+0 dB as a TV-only interval. 
I0086. Since this value of -20 dB differs according to the 
environment, it is desirable far it to be learned automatically 
by monitoring power level differences over a long period. 
Even if there is a steady noise such as the sound of a fan in the 
Surrounding area, since there is no time variation in power in 
a steady noise, a power level difference in the vicinity of a 
fixed value is indicated, and it is possible for TV sound 
detection section 140 to perform TV-sound-only interval 
detection. 

0087. Since TV sound also includes human voices, iden 
tification as a live human Voice is not possible simply by 
means of speech quality that indicates a likelihood of being a 
human Voice rather than noise or music. However, in this 
embodiment, an interval in which there is only TV sound can 
be detected with a small amount of computation, indepen 
dently of the distance from the TV or the room environment, 
by performing a short-time power comparison using TV 
Source Sound in this way. 
I0088. Other-Person's Speech Detection 
0089. In step S4, other-person's speech detection section 
150 excludes an own-speech interval detected by own-speech 
detection section 130 and an interval detected by TV-only 
interval detection section 143 from per-direction output 
results output by Sound source direction estimation section 
120. Furthermore, other-person's speech detection section 
150 outputs an interval for which voice-band power of at least 
one non-directional microphone is greater than or equal to a 
predetermined threshold value as an other-person's speech 
interval from intervals excluding an own-speech interval and 
TV-only interval. For an other-person's speech interval, noise 
that is not a human Voice can be eliminated by limitation to a 

(Equation 3) 
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place where voice-band power is high. Here, speech quality 
detection has been assumed to be based on Voice-band power, 
but another method may also be used. 
(0090 FIG. 7 is a drawing in which are plotted the results of 
performing own speech, TV-only sound, and other-person's 
speech determination for the per-frame Sound source direc 
tion estimation results shown in FIG. 5. 

0091. As shown in FIG. 7, it can be seen for example that, 
generally, own speech is mainly detected in the vicinity of 0°. 
and TV sound is detected between 22.5° to the right and 22.5° 
to the left of a hearing aid user. While the volume of TV 
Sound, the speaker arrangement, and the positional relation 
ship between the hearing aid user and the TV are also influ 
encing factors, in this experiment a hearing aid user picked up 
sound when watching a 42-inch TV with left and right stereo 
speakers from a distance of 1 to 2 meters. This experiment 
simulates an actual home environment. 
0092 Normally, a speaker directly in front and the mouth 
of a hearing aid user are equidistant from the microphones of 
both ears, and therefore sound source direction estimation 
results are detected in a 0° direction. 

0093. In this embodiment, through combination with 
own-speech detection, it is possible to determine whether a 
frontal-direction Sound is own speech or other-person's 
speech. Furthermore, in this embodiment, through combina 
tion with TV sound detection, when there is speech other than 
own speech directly in front, it can be determined whether 
that is the voice of a person on TV or the live voice of an actual 
person. 
0094 Per-Sound-Source Frequency Calculation 
0095. In step S5, per-sound-source frequency calculation 
section 160 uses own-speech detection section 130, TV-only 
interval detection section 143, and other-person's speech 
detection section 150 output results to calculate frequency 
over a long period for the respective sound sources. 
(0096 FIG. 8through FIG. 10 are drawings in which, based 
on own-speech detection, TV-only interval detection, and 
other-person's speech detection performed using ambient 
Sound picked up by hearing aid microphone arrays actually 
worn on both ears and simultaneously recorded TV source 
sound for the scenes in FIGS. 3 (a), (b), and (c), frequency of 
appearance in a 10-minute interval is found for each Sound 
SOUC. 

0097 FIG. 8 is a “conversation scene” per-sound-source 
frequency graph, FIG. 9 is a “TV scene” per-sound-source 
frequency graph, and FIG. 10 is a “viewing while... scene’ 
per-sound-source frequency graph. 
(0098. As shown in FIG. 8 through FIG. 10, the following 
kinds of features appear as features of a “conversation scene.” 
“TV scene.” and “viewing while ... scene.” respectively. 
0099 Scene Features 
0100. In a “conversation scene.” since a hearing aid user 
himself/herself participates in a conversation, own speech in 
a frontal direction is frequently detected, and since the hear 
ing aid user talks while looking in the direction of a conver 
sation partner, a conversation partner's voice is also detected 
in the vicinity of the frontal direction. However, since own 
speech is also detected in the frontal direction, a conversation 
partner's voice is not detected so frequently in relative terms. 
Also, since conversation proceeds without relation to what is 
on TV, a feature that appears is that speakers do not fall silent 
in order to watch TV, and consequently TV-only intervals are 
short. 
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0101. In a “TV scene. a hearing aid user does not partici 
pate in a conversation, and therefore own speech is scarcely 
detected. Since the hearing aid user is facing the TV in order 
to watch the TV screen, TV sound is detected in a direction 
close to directly in front. Other-person's speech is detected 
other than directly in front, and moreover, the amount of such 
speech is large. In a “conversation scene' there is own speech 
and other-person's speech in the frontal direction, but the 
amount of other-person's speech is relatively small, whereas 
in a “TV scene' there is a speaker in a different direction from 
own speech, and therefore more other-person's speech is 
detected than in a “conversation scene. Also, since conver 
sation carried on to one side is conducted without relation to 
what is on TV, a feature that appears is that speakers do not fall 
silent in order to watch TV, and consequently TV-only inter 
vals are short even though this is a scene in which the TV is 
being watched. 
0102. In a “viewing while ... scene, a hearing aid user 
himself/herself participates in a conversation, and therefore 
own speech in a frontal direction is frequently detected. Since 
the hearing aid user is facing the TV in order to watch the TV 
screen, TV sound is detected in a direction close to directly in 
front, and other-person's speech is detected in a direction 
other than directly in front. Moreover, in a “viewing while . . 
. case, time during which the hearing aid user and another 
person are silent and watching TV becomes somewhat longer, 
and there appears a tendency to discuss what is on TV when 
TV sound is interrupted. Consequently, a feature is that TV 
only time becomes longer. 
0103 FIG. 11 summarizes these features. 
0104 FIG. 11 is a drawing showing a table indicating 
scene features. 
0105 Per-sound-source frequency calculation section 160 
can determine a scene from a sound environment by utilizing 
features shown in the table in FIG. 11. Shaded areas in the 
table indicate particularly characteristic parameters for the 
relevant scene. 
0106 Here, frequency in a past 10-minute interval is 
found from frame t in order to ascertain tendencies in scene 
features, but a shorter interval may actually be used to track 
real movements. 
01.07 Scene Determination 
0108. In step S6, scene determination section 170 per 
forms scene determination using the per-Sound-source fre 
quency information and direction information for each Sound 
SOUC. 

0109. Whether or not TV power is on can be determined 
by whether or not TV sound is being received. However, it is 
necessary for scene determination section 170 to determine 
automatically whether or not a hearing aid user is watching 
TV, conversing without watching TV, or conversing with a 
family member while watching TV, at that time. Scene deter 
mination is performed by scoring by means of a point addition 
method such as described below. 
0110 FIG. 12 is a drawing representing an example of 
scene determination by means of a point addition method. 
0111. As shown in FIG. 12, Fs indicates the frequency of 
own speech detected in a 0° direction within a past fixed 
period from frame t, Dt indicates a direction in which the 
frequency of TV-only sound is highest as the TV direction, 
and Ft indicates the frequency at that time. A direction in 
which the frequency of other-person's speech is highest is 
taken as an other-person's speech direction and Dp, and Fp 
indicates the frequency at that time. The frequency determi 
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nation threshold value is designated 0. Taking FIG. 12 as an 
example, Scene determination scores according to a point 
addition method are as follows. 
0112. When Fs e0, 10 points each are added to a “conver 
sation scene' score and a “viewing while . . . scene' score. 
0113. When Fs-0, 10 points each are added to a “TV 
Scene' score. 
0114. When Dps22.5, 5 points are added to a “conver 
sation scene' score. 
(0.115. When Dpl>22.5°, 5 points each are added to a “TV 
scene' score and a “viewing while . . . scene' score. 
0116. When Dp D22.5° and Fp20, 5 points are further 
added to a “TV scene' score. 
0117. When IDts22.5°, 5 points are added to a “conver 
sation scene' score. 
0118 When Dts22.5°, 5 points each are added to a “TV 
scene' score and a “viewing while . . . scene' score. 
0119. When IDts22.5° and Ft20, 5 points are further 
added to a “viewing while ... scene' score. 
I0120 In the above-described way, a “conversation scene’ 
score, “TV scene' score, and “viewing while . . . scene’ 
score are found, and a scene for which the value is largest and 
the score is greater than or equal to threshold value W is taken 
as a determination result. If scores are less than W, a "no 
scene' result is output. 
I0121 Here, scoring is performed such that a large point 
addition is made for a parameter that well represents a feature 
of a scene. Also, point deduction is not performed even in the 
event of erroneous detection so that a scene can be detected 
even if all feature amounts are not detected correctly. 
I0122) When threshold value 0 for frequency in a past 
10-minute interval=40, and score threshold value W-15, if the 
kind of per-sound-source frequency distribution shown in 
FIG. 8 has been obtained, scene scores are as follows. 
(0123 “Conversation scene' score=10+5+5=20 
0.124 “TV scene' score=0 
(0.125 “Viewing while ... scene' score=0 
0.126 Consequently, since the highest score the “con 
Versation scene' score of 20 is greater than or equal to 
predetermined threshold value W. Scene determination section 
170 outputs a “conversation scene result. 
I0127. If the kind of per-sound-source frequency distribu 
tion shown in FIG. 9 has been obtained, scene scores are as 
follows. 
012.8 “Conversation scene' score=0 
0129. “TV scene' score=10+5+5+5=25 
(0.130) “Viewing while ... scene' score=5+5=10 
I0131 Consequently, since the highest score the “TV 
scene' score of 25—is greater than or equal to predetermined 
threshold value , scene determination section 170 outputs a 
“TV Scene’ result. 
I0132) If the kind of per-sound-source frequency distribu 
tion shown in FIG. 10 has been obtained, scene scores are as 
follows. 
0.133 “Conversation scene' score=10 
0.134 “TV scene' score=5+5=10 
I0135) “Viewing while ... scene' score=10+5+5+5=25 
0.136 Consequently, since the highest score the “viewing 
while . . . Scene' score of 25 is greater than or equal to 
predetermined threshold value W. Scene determination section 
170 outputs a “viewing while. . . scene' result. 
0.137 Scene determination scoring is not limited to the 
kind of point addition method described above. A threshold 
value may be changed according to respective feature values, 
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and point addition may also be performed with threshold 
values divided into a number of steps. 
0138 Also, scene determination section 170 may assign a 
score through the design of a frequency-dependent function, 
or make a rule-based determination, instead of adding points 
to a score based on a threshold value. FIG. 13 shows an 
example of a rule-based determination method. 
0139 FIG. 13 is a drawing representing an example of 
rule-based scene determination. 

0140 Output Sound Control 
0141. In step S7, output sound control section 180 controls 
output Sound according to a scene determined by Scene deter 
mination section 170. 

0142. When a “conversation scene' determination has 
been made, processing that orients directivity in the frontal 
direction is performed. 
0143. When a “TV scene' determination has been made, 
hearing aid speaker output is Switched to externally input TV 
sound. Alternatively, frontal-direction directivity control may 
be performed. 
0144. When a “viewing while ... scene determination 
has been made, control is performed to provide wide direc 
tivity. 
0145. If no scene determination has been made, wide 
directivity or non-directivity is decided upon. 
0146 Also, output sound control section 180 performs 
hearing enhancement processing, Such as amplifying the 
acoustic pressure of a frequency band that is difficult to hear, 
according to the degree of hearing impairment of a hearing 
aid user, and outputs the result from a speaker. 
0147 As described in detail above, hearing aid 100 of this 
embodiment is provided with A/D conversion section 110 
that converts a Sound signal input from microphone array 102 
to a digital signal, Sound source direction estimation section 
120 that detects a sound source direction from the sound 
signal, own-speech detection section 130 that detects a hear 
ing aid user's voice from the Sound signal, and TV Sound 
detection section 140 that detects TV sound from the sound 
signal. Hearing aid 100 is also provided with other-person's 
speech detection section 150 that detects speech of a speaker 
other than the wearer using detected Sound source direction 
information, the own-speech detection result, and the TV 
Sound detection result, and per-sound-source frequency cal 
culation section 160 that calculates the frequency of each 
Sound source based on an own-speech detection result, TV 
Sound detection result, other-speaker's speech detection 
result, and Sound Source direction information. Scene deter 
mination section 170 determines ascene to be a “conversation 
scene.” “TV viewing scene, or “TV viewing while . . . . 
scene.” using Sound source direction information and the 
per-sound-source frequency. Output Sound control section 
180 controls hearing of hearing aid 100 according to a deter 
mined scene. 

0148. By this means, this embodiment suppresses ambient 
TV sound and focuses directivity in a frontal direction when 
conversation is being carried on without the TV being 
watched, facilitating conversation with a person in front. 
Also, when a hearing aid user is concentrating on the TV. 
hearing aid output is automatically Switched to TV Sound, 
making TV sound easier to be heard without the need to 
perform a troublesome operation. Furthermore, when a hear 
ing aid user is watching TV while engaging in conversation, 
wide directivity is set. Consequently, when everyone is silent, 
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the sound of the TV can be heard, and when someone speaks, 
neither sound is Suppressed and both can be heard. 
0.149 Thus, in this embodiment, a scene can be deter 
mined appropriately by using not only a Sound source direc 
tion but also a Sound source type (TV Sound, own speech, or 
other-person's speech), frequency information, and time 
information. In particular, this embodiment can handle a case 
in which a user wishes to hear both TV sound and conversa 
tion by means of “viewing while ... scene' determination. 
0150. The above description presents an example of a 
preferred embodiment of the present invention, but the scope 
of the present invention is not limited to this. 
0151. For example, the present invention can also be 
applied to a hearing aid that controls the volume of a TV. 
0152 FIG. 14 is a drawing showing the configuration of a 
hearing aid that controls the volume of a TV. Configuration 
parts in FIG. 14 identical to those in FIG. 2 are assigned the 
same reference codes as in FIG. 2. 

0153. As shown in FIG. 14, hearing aid 100A that controls 
the volume of a TV is provided with microphone array 102. 
A/D conversion section 110, sound source direction estima 
tion section 120, own-speech detection section 130, TV 
Sound detection section 140, other-person's speech detection 
section 150, per-sound-source frequency calculation section 
160, scene determination section 170, and output sound con 
trol Section 180A. 

0154) Output sound control section 180A generates a TV 
sound control signal that controls the Volume of a TV based 
on a scene determination result from scene determination 
Section 170. 

0155 Transmission/reception section 107 transmits a TV 
Sound control signal generated by output Sound control sec 
tion 180A to a TV. 

0156. It is desirable for the TV sound control signal to be 
transmitted by means of Bluetooth or suchlike radio commu 
nication, but transmission by means of infrared radiation may 
also be used. 

0157 By this means, an effect is produced of enabling a 
TV of the present invention to perform volume output in 
accordance with a scene determined by hearing aid 100A. 
0158. The present invention can also be applied to a device 
other than a TV. Examples of devices other than a TV include 
a radio, audio device, personal computer, and so forth. The 
present invention receives Sound information from a device 
other than a TV, and determines whether a scene is one in 
which a user is listening to Sound emitted from that device, is 
engaged in conversation, or is listening while engaged in 
conversation. Furthermore, the present invention may also 
control output sound according to the determined scene. 
0159. The present invention can also be implemented as 
application software of a mobile device. For example, the 
present invention can determine a scene from Sound input 
from a microphone array installed in a high-functionality 
mobile phone and sound information transmitted from a TV. 
and control output sound provided to the user according to 
that scene. 

0160. In this embodiment, the terms “hearing aid” and 
“signal processing method have been used, but this is simply 
for convenience of description, and terms such as "hearing 
enhancement apparatus' or 'speech signal processing appa 
ratus' for an apparatus, and 'scene determination method” or 
the like for a method, may also be used. 
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0161 The above-described signal processing method is 
implemented by a program for causing this signal processing 
method to function. This program is stored in a computer 
readable recording medium. 
0162 The disclosure of Japanese Patent Application No. 
2010-139726, filed on Jun. 18, 2010, including the specifica 
tion, drawings and abstract, is incorporated herein by refer 
ence in its entirety. 

INDUSTRIAL APPLICABILITY 

0163 A hearing aid and signal processing method accord 
ing to the present invention are suitable for use in a hearing aid 
that makes a desired Sound easier to hear for a hearing aid 
user. The present invention is also Suitable for use as appli 
cation Software of a mobile device Such as a high-function 
ality mobile phone. 

REFERENCE SIGNS LIST 

(0164 100, 100A Hearing aid 
0.165 101 Hearing aid housing 
(0166 102 Microphone array 
(0167 103 Speaker 
(0168 104 Ear tip 
(0169. 105 Remote control apparatus 
0170 106 CPU 
0171 107 Transmission/reception section 
0172 108 Audio transmitter 
(0173 109 TV 
(0174 110 A/D conversion section 
0175 120 Sound source direction estimation section 
(0176) 130 Own-speech detection section 
0177 140 TV sound detection section 
0.178 141 Microphone input short-time power calculation 
section 

0179 142 TV sound short-time power calculation section 
0180 143 TV-only interval detection section 
0181 150 Other-person's speech detection section 
0182 160 Per-sound-source frequency calculation section 
0183. 170 Scene determination section 
0184 180, 180A Output sound control section 

1. A hearing aid having a microphone array worn on both 
ears, the hearing aid comprising: 

a Sound Source direction estimation section that detects a 
Sound source direction from a Sound signal input from 
the microphone array; 

an own-speech detection section that detects a voice of a 
hearing aid wearer from the Sound signal; 

a TV sound detection section that detects TV sound from 
the Sound signal; 

an other-speaker's speech detection section that detects 
speech of a speaker other than a wearer based on the 
detected Sound source direction information, the own 
speech detection result, and the TV sound detection 
result; 

a per-Sound-source frequency calculation section that cal 
culates a frequency of each Sound source based on the 
own-speech detection result, the TV sound detection 
result, the other-speaker's speech detection result, and 
the Sound source direction information; 

ascene determination section that determines a scene using 
the Sound Source direction information and the per 
Sound-source frequency; and 

an output Sound control section that controls hearing of a 
hearing aid according to the determined scene. 

May 24, 2012 

2. The hearing aid according to claim 1, 
wherein the TV sound detection section further comprises: 

a TV sound reception section that receives TV sound 
information transmitted from the TV; and 

a TV-only interval detection section that detects a TV-only 
interval based on received TV sound and the sound 
signal. 

3. The hearing aid according to claim 1, wherein: 
the TV sound detection section further comprises: 
a TV sound reception section that receives TV sound infor 

mation transmitted from the TV: 
a TV sound short-time power calculation section that cal 

culates short-time power of received TV sound; 
a microphone input short-time power calculation section 

that calculates short-time power of the Sound signal; and 
a TV-only interval detection section that compares the TV 

Sound short-time power and the microphone input short 
time power, and detects an interval for which a differ 
ence therebetween is within a predetermined range as a 
TV-only interval. 

4. The hearing aid according to claim 1, wherein the scene 
determination section performs Scene classification into a 
“conversation scene' in which a wearer is engaged in conver 
sation, a “TV viewing scene' in which a wearer is watching 
TV, and a “TV viewing while ... scene' in which a wearer 
is simultaneously engaged in conversation and watching TV. 

5. The hearing aid according to claim 1, wherein the output 
Sound control section performs directivity control. 

6. The hearing aid according to claim 4, wherein the output 
Sound control section orients a directivity beam in a frontal 
direction in a "conversation scene.” 

7. The hearing aid according to claim 4, wherein the output 
Sound control section orients a directivity beam in a frontal 
direction in a “TV viewing scene.” 

8. The hearing aid according to claim 4, wherein the output 
sound control section outputs TV sound received by the TV 
sound reception section in a “TV viewing scene.” 

9. The hearing aid according to claim 4, wherein the output 
sound control section sets wide directivity in a “TV viewing 
while ... scene.” 

10. The hearing aid according to claim 4, wherein the 
output sound control section outputs TV sound received by 
the TV sound reception section to one ear and outputs Sound 
for which wide directivity has been set to the other ear in a 
“TV viewing while ... scene.” 

11. The hearing aid according to claim 4, further compris 
ing a transmission/reception section, wherein the output 
Sound control section generates a TV sound control signal 
that controls TV sound, based on a classification result from 
the scene determination section; and the transmission/recep 
tion section outputs the TV sound control signal. 

12. A signal processing method that is a signal processing 
method of a hearing aid having a microphone array worn on 
both ears, the signal processing method comprising: 

a step of detecting a sound source direction from a Sound 
signal input from the microphone array; 

a step of detecting a voice of a hearing aid wearer from the 
Sound signal; 

a step of detecting TV Sound from the Sound signal; 
a step of detecting speech of a speaker other than a wearer 

based on the detected Sound source direction informa 
tion, the own-speech detection result, and the TV sound 
detection result; 
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a step of calculating a frequency of each Sound source 
using the own-speech detection result, the TV sound 
detection result, the other-speaker's speech detection 
result, and the Sound source direction information; 

a step of determining a scene based on the sound source 
direction information and the per-Sound-source fre 
quency; and 
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a step of controlling hearing of a hearing aid according to 
the determined scene. 

13. A program that causes a computer to execute each step 
of the hearing aid signal processing method according to 
claim 12. 
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