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(57) ABSTRACT 
Provided is a noise signal Suppressing device including: an 
input unit configured to receive a sound signal; a time/fre 
quency converting unit; an independent peak spectrum 
extracting unit configured to extract a peak spectrum having 
independence; a persistence determining unit configured to 
determine that the peak spectrum having independence per 
sists for a predetermined period or longer; a noise-signal 
Suppressing unit configured to Suppress the peak spectrum 
having independence as the noise signal. The independent 
peak spectrum extracting unit includes: a first peak extracting 
unit configured to extract a peak spectrum having higher 
energy than that of an adjacent frequency signal, and a second 
peak extracting unit configured to extract a peak spectrum 
maintaining a frequency interval of equal to or larger than a 
predetermined value with respect to a peak spectrum adjacent 
thereto as the peak spectrum having independence. 
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DEVICE AND METHOD FOR SUPPRESSING 
NOISE SIGNAL DEVICE AND METHOD FOR 

DETECTING SPECIAL SIGNAL AND 
DEVICE AND METHOD FOR DETECTING 

NOTIFICATION SOUND 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of International 
Application No. PCT/JP2013/050469 filed on Jan. 11, 2013 
which claims the benefit of priority of the prior Japanese 
Patent Application No. 2012-034190 filed on Feb. 20, 2012 
and Japanese Patent Application No. 2012-034191 filed on 
Feb. 20, 2012, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a device and a 
method for Suppressing a noise signal, a device and a method 
for detecting a special signal, and a device and a method for 
detecting a notification sound. 
0004 2. Description of the Related Art 
0005 Methods for suppressing noise signals are widely 
used in the fields of speech recognition and mobile commu 
nications. In the field of speech recognition, noise-signal 
Suppression processing is performed prior to speech recogni 
tion processing, thereby suppressing unnecessary noise other 
than speech signals and improving the accuracy of speech 
recognition. In the field of mobile communications, noise 
signal Suppression processing is performed prior to Voice 
coding to prevent the articulation of speech from deteriorat 
ing significantly due to mixture of noise into the Voice coding 
at a low bit rate. 
0006 Examples of typical noise reduction methods using 
noise spectrum detection technologies include a spectrum 
subtraction method. The spectrum subtraction method esti 
mates a noise spectrum and Subtracts a noise component from 
an input signal including noise, thereby reducing the noise. 
0007. The spectrum subtraction method recognizes sig 
nals having stationary energy, such as white noise and air 
conditioners, as noise with relative ease, and has a high noise 
suppression effect. By contrast, the method has difficulty in 
classifying a signal, which is closer to a tone signal (a sine 
wave signal) with a high energy component Such as a warning 
Sound including a siren Sound or a high-pitched engine Sound, 
as a noise signal. These special sounds have frequency com 
ponents forming a harmonic structure which is a characteris 
tic of speech, and are extremely similar to components of 
human speech. This makes it difficult to estimate a noise 
spectrum of the special sounds. 
0008. In an analysis of such a noise spectrum of a siren 
Sound, an engine Sound, or the like in a short time period 
(several tens of milliseconds to several hundreds of millisec 
onds), a harmonic structure having a fundamental frequency 
and harmonics, which is a characteristic of a speech spec 
trum, is clearly observed. Because it is difficult to distinguish 
a noise spectrum from a speech spectrum, a special analysis 
method is required. 
0009. The duration of the analysis described above is sub 
stantially equal to the duration of processing of a typical 
amount of speech signals accumulated in hardware and of 
various types of signal processing. Such as Voice coding. The 
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duration of the analysis is appropriate for the duration of a 
frequency analysis in a field that requires real time process 
ing. To apply the method to a device used for mobile com 
munications that allow only extremely short delay in signal 
processing, the analysis of a speech signal needs to be fin 
ished within the duration of processing described above. 
0010 Japanese Patent Application Laid-open No. 2002 
258899 discloses a device for suppressing noise that com 
pares a variation period of a frequency spectrum and spectral 
intensity of noise with a preset pattern, thereby detecting a 
special noise signal (e.g., a warning Sound) serving as a target 
So as to suppress the noise signal. In the case of a frequency 
signal being a long periodic signal Such as a siren Sound 
whose frequency signal varies with time, the device for Sup 
pressing noise extracts a fundamental frequency by a fre 
quency analysis and compares the extracted fundamental fre 
quency information with frequency shift information (a 
temporal locus of the fundamental frequency) that varies with 
time, thereby detecting and Suppressing a noise signal Such as 
a siren Sound. 
00.11 Japanese Patent Application Laid-open No. 2005 
77875 discloses an alarm sound source recognition device 
that carries out a frequency spectrum analysis of noise, 
extracts a peak frequency having the maximum value, and 
determines, when the sharpness of the peak frequency satis 
fies a predetermined condition, a noise signal serving as a 
target as an alarm sound. Based on the characteristics of an 
artificial siren Sound and alarm sound that the energy is con 
centrated in an extremely narrow bandwidth, the alarm sound 
Source recognition device obtains the sharpness of the peak 
frequency having the maximum value based on an energy 
ratio with a frequency band adjacent thereto. Thus, the alarm 
Sound source recognition device detects a noise signal Such as 
a siren Sound. 
(0012 U.S. Pat. No. 7,639,147 discloses a detecting device 
that detects an alarm Sound output from a personal alert safety 
system (PASS). The detecting device analyzes whether the 
difference between the maximum sound pressure level of 
collected audio and the minimum sound pressure level 
thereof exceeds a predetermined reference value. The detect 
ing device further carries out a frequency analysis and a beat 
pattern analysis in a time domain on the audio, thereby deter 
mining whether or not the audio is an alarm Sound specific to 
the PASS. The detecting method is supposed to be able to 
detect the alarm sound reliably (refer to FIG. 4, FIG. 5, and 
the description thereof). 
0013 The device for suppressing noise disclosed in Japa 
nese Patent Application Laid-open No. 2002-258899 carries 
out a pattern analysis to detect a warning Sound. Because a 
certain period of time (several seconds) is required to deter 
mine the periodicity in a long term, delay occurs until a noise 
signal is to be suppressed. In addition, the pattern analysis 
increases the signal processing load. 
0014. The detecting method using a pattern analysis basi 
cally detects no signal other than a signal registered for the 
pattern analysis. In the case of a speech signal overlapping 
with a warning sound signal, the component of the speech 
signal is likely to be suppressed, resulting in deteriorated 
articulation of the speech signal. 
0015 The alarm sound source recognition device dis 
closed in Japanese Patent Application Laid-open No. 2005 
77875 employs no pattern analysis, thereby placing no 
restrictions on a detectable alarm sound. Determination of an 
alarm sound, however, requires extremely sharp energy peak 
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characteristics in a frequency domain. In a relatively quiet 
environment and an environment with no Sound source at a 
high sound pressure level other than the alarm sound, the 
sharp energy peak characteristics can be detected with rela 
tive ease. 
0016. If noise other than an alarm sound is mixed, how 
ever, the peak characteristics are blunted by an influence of 
the noise component. Because the frequency analysis is usu 
ally carried out in duration from several tens of milliseconds 
to several hundreds of milliseconds, characteristics in an 
extremely short time are detected. As a result, a noise signal 
that is not related to an alarm Sound may possibly have instan 
taneously sharp peak characteristics. A speech signal particu 
larly has instantaneously sharp peak characteristics and is 
more likely to be detected mistakenly. 
0017. The alarm sound, capable of being detected by the 
alarm Sound source recognition device disclosed in Japanese 
Patent Application Laid-open No. 2005-77875, is limited to 
the alarm sound at a fixed frequency having sharp peak char 
acteristics. The alarm sound Source recognition device fails to 
detect a siren Sound whose frequency varies in a long period. 
Ann engine Sound originally has no fixed frequency, for 
example. The alarm Sound source recognition device also 
fails to detect an alarm Sound having no sharp peak charac 
teristics because offrequency variations caused by movement 
of a sound Source and movement of a Sound collecting unit as 
a target alarm sound. 
0018. The alarm sound detecting device disclosed in U.S. 
Pat. No. 7,639,147 carries out a pattern analysis to determine 
whether or not the frequency and the beat pattern of the 
obtained audio are identical to the frequency and the beat 
pattern of the PASS, respectively, thereby detecting an alarm 
Sound. The alarm sound detecting device needs to store 
therein a plurality of patterns in advance, resulting in an 
increased circuit Scale. In addition, identification of the type 
of the alarm sound extremely increases the analysis time. 
0019. In view of the disadvantages described above, it is 
an object of the present invention to provide a device and a 
method for detecting a special signal that detect the presence 
of a special signal in a short time with a smaller amount of 
memory and operation without being restricted by the type of 
a warning Sound and use conditions and to provide a device 
and a method for Suppressing a noise signal that Suppress the 
detected special signal as a special noise signal. 
0020. It is also an object of the present invention to provide 
a device and a method for detecting a notification Sound that 
detect the presence of a notification sound in a short time with 
a smaller amount of memory and operation without being 
restricted by the type of a notification sound and use condi 
tions, and to provide a device and a method for Suppressing a 
noise signal that Suppress the detected notification sound as a 
special noise signal. 

SUMMARY OF THE INVENTION 

0021. There is a need to at least partially solve the prob 
lems in the conventional technology. 
0022 Provided is a noise signal suppressing device 
including: an input unit configured to receive a Sound signal; 
a time/frequency converting unit configured to convert the 
Sound signal in a time domain into a frequency signal in a 
frequency domain; an independent peak spectrum extracting 
unit configured to extract a peak spectrum having indepen 
dence from the frequency signal that is converted; a persis 
tence determining unit configured to determine, when a pre 
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determined bandwidth, which is centered at a lowest-band 
peak spectrum out of peak spectra having independence 
extracted by the independent peak spectrum extracting unit, 
contains a lowest-band peak spectrum obtained by Subse 
quent frequency conversion, that the peak spectrum having 
independence persists for a predetermined period or longer; 
an operating mode determining unit configured to determine 
whether to Suppress a noise signal by a noise-signal Suppress 
ing unit; and a noise-signal Suppressing unit configured to 
Suppress, based on determination made by the operating 
mode determining unit, when the persistence determining 
unit determines that the peak spectrum persists for the prede 
termined period or longer, the peak spectrum having indepen 
dence extracted by the independent peak spectrum extracting 
unit as the noise signal. The independent peak spectrum 
extracting unit includes: a first peak extracting unit config 
ured to extract a peak spectrum having higher energy than that 
of an adjacent frequency signal, and a second peak extracting 
unit configured to extract a peak spectrum maintaining a 
frequency interval of equal to or larger than a predetermined 
value with respect to a peak spectrum adjacent thereto from 
the peak spectrum extracted by the first peak extracting unitas 
the peak spectrum having independence. 
0023. Further provided is a noise signal suppressing 
method including: converting an input Sound signal in a time 
domain into a frequency signal in a frequency domain; 
extracting a peak spectrum having independence from the 
frequency signal that is converted; determining, when a pre 
determined bandwidth, which is centered at a lowest-band 
peak spectrum out of peak spectra having independence 
extracted at the extracting of a peak spectrum having inde 
pendence, contains a lowest-band peak spectrum obtained by 
Subsequent frequency conversion, that the peak spectrum 
having independence persists for a predetermined period or 
longer, determining whether or not to suppress a noise signal; 
and Suppressing, based on determination made at the deter 
mining of whether or not to Suppress a noise signal, when it is 
determined that the peak spectrum persists for the predeter 
mined period or longer at the determining of whether the peak 
spectrum having independence persists, the peak spectrum 
having independence extracted at the extracting of a peak 
spectrum having independence as a noise signal. The extract 
ing of a peak spectrum having independence includes: first 
extracting a peak spectrum having higher energy than that of 
an adjacent frequency signal, and second extracting a peak 
spectrum maintaining a frequency interval of equal to or 
larger than a predetermined value with respect to a peak 
spectrum adjacent thereto from the peak spectrum extracted 
at the first extracting as the peak spectrum having indepen 
dence. 

0024. Still further provided is a notification sound detect 
ing device including: an input unit configured to receive a 
Sound signal; a time? frequency converting unit configured to 
convert the Sound signal in a time domain into a frequency 
signal in a frequency domain; a peak extracting unit config 
ured to extract a peak spectrum having higher energy than that 
ofan adjacent frequency signal from the frequency signal that 
is converted by the time? frequency converting unit; a lowest 
band peak frequency analyzing unit configured to determine 
whether a lowest-band peak spectrum, out of the peak spec 
trum extracted by the peak extracting unit, is equal to or 
higher than a predetermined frequency; a persistence deter 
mining unit configured to determine whether the lowest-band 
peak spectrum, determined to be equal to or higher than the 
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predetermined frequency by the lowest-band peak frequency 
analyzing unit, persists; and a notification-sound detecting 
unit configured to detect a notification Sound based on a result 
of determination made by the persistence determining unit. 
0025 Still further provided is a notification sound detect 
ing method including: converting an input sound signal in a 
time domain into a frequency signal in a frequency domain; 
extracting a peak spectrum having higher energy than that of 
an adjacent frequency signal from the frequency signal con 
Verted at the converting; determining whether a lowest-band 
peak spectrum out of the peak spectrum extracted at the 
extracting is equal to or higher than a predetermined fre 
quency; determining whether the lowest-band peak spectrum, 
which is determined to be equal to or higher than the prede 
termined frequency at the determining of whether a lowest 
band peak spectrum is equal to or higher than apredetermined 
frequency, persists; and detecting a notification sound based 
on a result of determination made at the determining of 
whether the lowest-band peak spectrum persists. 
0026. Still further provided is a noise signal suppressing 
device including: an input unit configured to receive a Sound 
signal; a time/frequency converting unit configured to convert 
the sound signal in a time domain into a frequency signal in a 
frequency domain; a peak extracting unit configured to 
extract a peak spectrum having higher energy than that of an 
adjacent frequency signal from the frequency signal that is 
converted by the time? frequency converting unit; a lowest 
band peak frequency analyzing unit configured to determine 
whether a lowest-band peak spectrum out of the peak spec 
trum extracted by the peak extracting unit is equal to or higher 
than a predetermined frequency; a persistence determining 
unit configured to determine whether the lowest-band peak 
spectrum, which is determined to be equal to or higher than 
the predetermined frequency by the lowest-band peak fre 
quency analyzing unit, persists; an operating mode determin 
ing unit configured to determine whether or not to Suppress a 
noise signal based on a result of determination made by the 
persistence determining unit; and a noise-signal Suppressing 
unit configured to suppress the noise signal based on deter 
mination made by the operating mode determining unit. 
0027 Still further provided is a noise signal suppressing 
method including: converting an input Sound signal in a time 
domain into a frequency signal in a frequency domain; 
extracting a peak spectrum having higher energy than that of 
an adjacent frequency signal from the frequency signal con 
Verted at the converting; determining whether a lowest-band 
peak spectrum out of the peak spectrum extracted at the 
extracting is equal to or higher than a predetermined fre 
quency; determining whether the lowest-band peak spectrum, 
which is determined to be equal to or higher than the prede 
termined frequency at the determining, persists; determining 
operation mode whether or not to Suppress a noise signal 
based on a result of determination made at the determining of 
whether the lowest-band peak spectrum persists; and Sup 
pressing the noise signal based on the determination at the 
determining operation mode whether or not to Suppress a 
noise signal. 
0028. The above and other objects, features, advantages 
and technical and industrial significance of this invention will 
be better understood by reading the following detailed 
description of presently preferred embodiments of the inven 
tion, when considered in connection with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a block diagram of the configuration of a 
special-signal detecting device according to a first embodi 
ment; 
0030 FIG. 2 is a flowchart of an operation of the special 
signal detecting device according to the first embodiment; 
0031 FIG. 3 is a block diagram of the configuration of a 
noise signal Suppressing device according to the first embodi 
ment; 
0032 FIG. 4 is a flowchart of an operation of the noise 
signal Suppressing device according to the first embodiment; 
0033 FIG. 5 is a flowchart of a peak spectrum extracting 
operation according to the first embodiment; 
0034 FIG. 6 is a frequency distribution chart illustrating a 
case in which a siren Sound is collected; 
0035 FIG. 7 is a frequency distribution chart illustrating a 
case in which a siren Sound and speech of a human are 
simultaneously collected; 
0036 FIG. 8 is a block diagram of the configuration of a 
special-signal detecting device according to a second 
embodiment; 
0037 FIG. 9 is a flowchart of an operation of the special 
signal detecting device according to the second embodiment; 
0038 FIG. 10 is a block diagram of the configuration of a 
noise-signal Suppressing device according to the second 
embodiment; 
0039 FIG. 11 is a flowchart of an operation of the noise 
signal Suppressing device according to the second embodi 
ment, 
0040 FIG. 12 is a chart of a signal level and a spectrogram 
waveform illustrating a case in which a siren Sound and 
speech of a human are simultaneously collected; 
0041 FIG. 13 is a diagram for explaining the timing for 
Switching a normal mode and a special signal Suppression 
mode in the noise-signal Suppressing device according to the 
second embodiment; 
0042 FIG. 14 is a diagram for explaining the timing for 
Switching the normal mode and the special signal Suppression 
mode in another noise-signal Suppressing device according to 
the second embodiment; 
0043 FIG. 15 is a block diagram of the configuration of a 
noise-signal Suppressing device according to a third embodi 
ment; 
0044 FIG. 16 is a flowchart of an operation of the noise 
signal Suppressing device according to the third embodiment; 
0045 FIG. 17 is a diagram for explaining the timing for 
Switching the normal mode and the special signal Suppression 
mode in the noise-signal Suppressing device according to the 
third embodiment; 
0046 FIG. 18A illustrates a chart of a spectrogram wave 
form obtained when Voice coding is performed on a mixed 
Sound signal not subjected to noise Suppression processing: 
0047 FIG. 18B illustrates a chart of a spectrogram wave 
form obtained when Voice coding is performed on a mixed 
Sound signal having been subjected to noise Suppression pro 
cessing: 
0048 FIG. 19 is a spectrogram chart of a notification 
Sound of a life-support system or the like; 
0049 FIG. 20 is a block diagram of the configuration of a 
noise-signal Suppressing device according to a fourth 
embodiment; 
0050 FIG. 21 is a flowchart of an operation of the noise 
signal Suppressing device according to the fourth embodi 
ment; 

Petitioner Exhibit 1025, Page 30 of 49



US 2014/0350927 A1 

0051 FIG. 22 is a block diagram of the configuration of 
the noise-signal Suppressing device according to a modifica 
tion of the fourth embodiment; 
0052 FIG. 23 is a block diagram of the configuration of a 
notification Sound detecting device according to the fourth 
embodiment; 
0053 FIG. 24 is a flowchart of an operation of the notifi 
cation-sound detecting device according to the fourth 
embodiment; 
0054 FIG. 25 is a flowchart of an operation of a noise 
signal Suppressing device according to a fifth embodiment; 
and 

0055 FIG. 26 is a flowchart of an operation of a notifica 
tion-sound detecting device according to the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0056 Exemplary embodiments are described below with 
reference to the accompanying drawings. The following 
describes preferred exemplary embodiments, and the 
embodiments are not intended to limit the scope of the inven 
tion. In the description below, components denoted by similar 
reference numerals indicate Substantially the same contents. 

First Embodiment 

0057 Embodiments are described below with reference to 
the accompanying drawings. FIG. 1 is a block diagram of the 
configuration of a special-signal detecting device according 
to a first embodiment. A special-signal detecting device 100 
includes a sound collecting unit 101, a time? frequency con 
Verting unit 102, a peak extracting unit 103, a peak indepen 
dence determining unit 104, and a special-signal detecting 
unit 105. 

0058. The sound collecting unit 101 collects speech and 
noise. Specifically, the Sound collecting unit 101 is a micro 
phone provided to the special-signal detecting device 100. 
Ambient sound including a target Sound collected by the 
sound collecting unit 101 is transmitted to the time/frequency 
converting unit 102 as a sound signal in a time domain. The 
Sound collecting unit 101 may function as an input unit that 
receives a sound signal. The input unit may receive a Sound 
signal not from the sound collecting unit 101 but from an 
external Sound collecting device, for example. 
0059. The time/frequency converting unit 102 converts the 
Sound signal in the time domain acquired by the Sound col 
lecting unit 101 into a frequency signal in a frequency 
domain. 
0060. The peak extracting unit 103 extracts a spectrum 
having an extremely high energy component from the fre 
quency signal converted into a signal in the frequency domain 
by the time/frequency converting unit 102. Specifically, the 
peak extracting unit 103 extracts a peak spectrum having peak 
characteristics of higher energy than that of frequency signals 
adjacent thereto from the frequency signal. 
0061 The peak independence determining unit 104 deter 
mines whether the peak extracting unit 103 extracts a peak 
spectrum. The peak independence determining unit 104 
determines whether the peak spectra extracted by the peak 
extracting unit 103 maintain a frequency interval of equal to 
or larger than a predetermined value between each other. The 
peak independence determining unit 104 outputs the deter 
mination results to the special-signal detecting unit 105. 
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0062. The special-signal detecting unit 105 detects the 
peak spectrum, which is determined to maintain a frequency 
interval of equal to or larger than the predetermined value 
with respect to another peak spectrum by the peak indepen 
dence determining unit 104, as a special signal. In other 
words, if there is a peak spectrum having a frequency interval 
of equal to or larger than the predetermined value with respect 
to another peak spectrum in the peak spectra extracted by the 
peak extracting unit 103, the special-signal detecting unit 105 
detects that peak spectrum as a special signal. 
0063. The following describes an operation of the special 
signal detecting device 100. FIG. 2 is a flowchart of an opera 
tion of the special-signal detecting device 100. 
0064. The sound collecting unit 101 collects ambient 
Sound, and outputs the collected Sound as a sound signal in the 
time domain to the time/frequency converting unit 102 (Step 
S1001). 
0065. The time/frequency converting unit 102 performs 
time? frequency conversion on the input signal; thereby con 
Verting the input signal into a frequency signal which is a 
signal in the frequency domain, and outputting the converted 
frequency signal to the peak extracting unit 103 (Step S1002). 
0066. The peak extracting unit 103 carries out a spectrum 
analysis on the received frequency signal and extracts a peak 
spectrum (Step S1003). Specifically, the peak extracting unit 
103 compares the average value of energy of all the spectra 
with energy of a spectrum at each point to determine whether 
the spectrum has peak characteristics, thereby extracting a 
peak spectrum. 
0067. The peak independence determining unit 104 deter 
mines whether a peak spectrum is extracted at Step S1003 
(Step S1004). If no peak spectrum is extracted, the special 
signal detecting unit 105 determines that no special signal is 
detected (Step S1007). 
0068. By contrast, if a peak spectrum is extracted at Step 
S1003, the peak independence determining unit 104 deter 
mines the independence of the extracted peak spectrum (Step 
S1005). Specifically, the peakindependence determining unit 
104 determines whether the peak spectra extracted at Step 
S1003 maintain a frequency interval of equal to or larger than 
a predetermined value therebetween. 
0069. If it is determined that no peak spectrum having 
independence is present at Step S1005, the special-signal 
detecting unit 105 determines that no special signal is 
detected (Step S1007). By contrast, if it is determined that a 
peak spectrum having independence is present at Step S1005, 
the special-signal detecting unit 105 determines that the peak 
spectrum is caused by a special signal and detects the special 
signal (Step S1006). 
0070. As described above, the special-signal detecting 
device according to the first embodiment extracts a peak 
spectrum and determines the independence of the peak spec 
trum, thereby detecting a special signal. This configuration 
can detect the presence of a special signal in a short time with 
a smaller amount of memory and operation. 
0071. Because the peak extracting unit 103 and the peak 
independence determining unit 104 cooperate to extract a 
peak spectrum having independence, these two units may be 
collectively referred to as an independent peak spectrum 
extracting unit 190 in the description below. The special 
signal detecting unit 105 detects a special signal based on the 
independent peak spectrum extracted by the independent 
peak spectrum extracting unit 190. 
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0072 The special-signal detecting device is applicable to 
various uses. The special-signal detecting device, for 
example, is applicable to a notification device. The notifica 
tion device uses the special-signal detecting device to detect a 
special signal Such as an alarm Sound. If the special signal is 
detected, the notification device notifies an operator standing 
by at another place that the alarm sound is ringing. The 
special-signal detecting device is also applicable to a mea 
Surement device. The measurement device uses the special 
signal detecting device placed at the side of a road to detect a 
special signal Such as an engine sound of a vehicle. The 
measurement device records the detection result chronologi 
cally in a memory, thereby measuring the amount of traffic. 
0073. The special-signal detecting device is also appli 
cable to a noise signal Suppressing device. The noise-signal 
Suppressing device regards a special signal detected by the 
special-signal detecting device as special noise and removes 
the special noise from the collected Sound before transmitting 
the speech. 
0074 FIG. 3 is a block diagram of the configuration of a 
noise-signal Suppressing device 200 according to the first 
embodiment employing the special-signal detecting method. 
0075. The noise-signal suppressing device 200 includes a 
Sound collecting unit 201, a time? frequency converting unit 
202, a peak extracting unit 203, a peak independence deter 
mining unit 204, a peak spectrum determining unit 205, a 
noise-signal Suppressing unit 206, a frequency/time convert 
ing unit 207, and an output unit 208. 
0076. The sound collecting unit 201, the time/frequency 
converting unit 202, the peak extracting unit 203, and the peak 
independence determining unit 204 included in the noise 
signal Suppressing device 200 correspond to the Sound col 
lecting unit 101, the time/frequency converting unit 102, the 
peak extracting unit 103, and the peak independence deter 
mining unit 104 included in the special-signal detecting 
device 100, respectively. 
0077. The sound collecting unit 201 collects speech and 
noise. Specifically, the Sound collecting unit 201 is a micro 
phone provided to the noise-signal Suppressing device 200. 
Ambient sound including a target Sound collected by the 
sound collecting unit 201 is transmitted to the time/frequency 
converting unit 202 as a sound signal in the time domain. The 
Sound collecting unit 201 may function as an input unit that 
receives a sound signal. The input unit may receive a Sound 
signal not from the sound collecting unit 201 but from an 
external Sound collecting device, for example. 
0078. The time/frequency converting unit 202 converts the 
Sound signal in the time domain acquired by the Sound col 
lecting unit 201 into a frequency signal in the frequency 
domain. 
007.9 The peak extracting unit 203 extracts a spectrum 
having an extremely high energy component from the fre 
quency signal converted into a signal in the frequency domain 
by the time/frequency converting unit 202. 
0080. The peak independence determining unit 204 deter 
mines whether the peak spectra extracted by the peak extract 
ing unit 203 maintain a predetermined frequency interval 
therebetween. 
0081. The peak spectrum determining unit 205 extracts a 
spectrum determined to have independence by the peak inde 
pendence determining unit 204 as a special noise signal. 
0082. The noise-signal suppressing unit 206 removes the 
peak spectrum extracted as the special noise signal by the 
peak spectrum determining unit 205 from the frequency sig 
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nals in the frequency domain output from the time/frequency 
converting unit 202. The noise-signal Suppressing unit 206 
outputs the frequency signal having been Subjected to the 
noise Suppression to the frequency/time converting unit 207. 
I0083. The frequency/time converting unit 207 converts the 
frequency signal, which is received from the noise-signal 
Suppressing unit 206, into a Sound signal in the time domain. 
The frequency/time converting unit 207 outputs the converted 
sound signal to the output unit 208. 
I0084. The output unit 208 performs voice coding on the 
Sound signal received from the frequency/time converting 
unit 207 as needed and outputs the sound signal to the outside. 
The output unit 208 may be a wireless transmission unit that 
wirelessly transmits the received sound signal to the outside. 
I0085. The peak extracting unit 203, the peak indepen 
dence determining unit 204, and the peak spectrum determin 
ing unit 205 cooperate to extract a peak spectrum having 
independence from the frequency signal having been Sub 
jected to the frequency conversion. In the description below, 
these three units may be collectively referred to as an inde 
pendent peak spectrum extracting unit 290. The independent 
peak spectrum extracting unit 290 extracts a peak spectrum 
having independence from the frequency signal. Having 
independence means maintaining a frequency interval of 
equal to or larger than a predetermined value with respect to 
an adjacent peak spectrum. Considering that speech has its 
fundamental frequency at 100 Hz to 400 Hz, the predeter 
mined value is preferably set to approximately 400 Hz. 
I0086. In the independent peak spectrum extracting unit 
290, the peak extracting unit 203 extracts peak spectra of the 
first stage without considering the independence from all the 
spectra, whereas the peak independence determining unit 204 
and the peak spectrum determining unit 205 extract peak 
spectra of the second stage considering the independence 
from the peak spectra extracted at the first stage. In the 
description below, the peak independence determining unit 
204 and the peak spectrum determining unit 205 may be 
collectively referred to as a second peak extracting unit 250. 
The peak extracting unit 203 may be specifically referred to as 
a first peak extracting unit 203. 
I0087. The first peak extracting unit 203 preferably extracts 
a spectrum satisfying the following conditions as a peak 
spectrum: the Sound pressure level of the Sound signal col 
lected by the sound collecting unit 201 is equal to or higher 
than a first reference value (e.g., 80 dB); and the difference in 
level between the sound pressure level of the spectrum and an 
average signal level of all the frequency spectra is equal to or 
larger than a second reference value (e.g., 12 dB). This 
enables the first peak extracting unit 203 to appropriately 
extract a peak of special noise. 
I0088. The following describes an operation of the noise 
signal suppressing device 200. FIG. 4 is a flowchart of an 
operation of the noise-signal Suppressing device 200. 
I0089. The sound collecting unit 201 collects ambient 
Sound and outputs the collected Sound as a Sound signal in the 
time domain to the time/frequency converting unit 202 (Step 
S2001). 
0090 The time/frequency converting unit 202 performs 
time? frequency conversion on the input signal, thereby con 
Verting the input signal into a frequency signal, which is a 
signal in the frequency domain (Step S2002). 
0091. The time/frequency converting unit 202 performs 
the time/frequency conversion in units of sample groups 
formed in predetermined duration. The frequency resolution 
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in the conversion is determined based on a sampling rate of 
the sound signal received from the sound collecting unit 201 
and the number of samples of the time/frequency converting 
unit 202, and is expressed by Expression (1): 

( Sampling Rate (1) 
2 

F Resolution = S - -- requency Kesolution= N of Samples 

0092 An assumption is made that the sampling rate is 
32000 Hz and that the number of samples of the time/fre 
quency converting unit 202 is 512, for example. In this case, 
the frequency resolution is 31.25 Hz according to Expression 
(1). The duration for the frequency conversion is expressed by 
Expression (2): 

Frequency Conversion. Duration= (2) 

Number of Samples X ( Sec Sampling Rate 

0093. In the example above, the frequency conversion 
duration is 0.016 Sec. Thus, the noise-signal Suppressing 
device 200 repeats the time/frequency conversion in units of 
512 samples in a period of 0.016 sec. 
0094. The peak extracting unit 203 extracts a peak spec 
trum having peak characteristics of higher energy than that of 
frequency signals adjacent thereto from the frequency signals 
converted by the time/frequency converting unit 202 (Step 
S2003). 
0095 Specifically, the peak extracting unit 203 calculates 
the average value of energy of all the spectra and compares 
the average value of all the calculated spectra with the energy 
of each spectrum. Given n represents the number of Samples 
relating to frequency conversion, the average energy of all the 
spectra is expressed by Expression (3): 

Average Value of All Spectra= (3) 

Spectral Intensity + 
Spectral Intensity +...+ Spectral Intensity 

it. 

0096. The peak extracting unit 203 determines whether a 
target spectrum has a higher energy ratio with respect to the 
energy of spectra adjacent thereto (energy of an average spec 
trum), that is, whether the spectrum has peak characteristics; 
thereby extracting a peak of the spectrum. 
0097. The articulation required to transmit a sound signal 

is usually equal to or higher than 12 dB in the signal-to-noise 
energy ratio (SNR) (a sound signal is more than four-times 
higher than a noise signal in amplitude equivalent). A warning 
Sound, such as a siren Sound, has an extremely high degree of 
concentration in the frequency domain (tone noise, that is, a 
group of sine waves). In a process of voice coding, the exces 
sively large frequency component causes the amount of infor 
mation required for coding of a Sound signal to be used for 
coding of the warning Sound, resulting in deterioration in the 
quality of the sound signal. 
0098. In typical voice coding, when the energy of the 
fundamental frequency component of a sound signal exceeds 
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that of the main frequency component of a warning sound, 
information tends to be preferentially allocated to the sound 
signal. By contrast, when the energy of the fundamental fre 
quency component of a Sound signal falls below that of the 
main frequency component of a warning Sound, the warning 
Sound having high tone characteristics is regarded as a speech 
component, and information tends to be preferentially allo 
cated to the warning Sound. 
0099 Based on the tendency described above, it is deter 
mined whether the energy component of the warning Sound is 
excessively large using a reference value of 12dB, which is an 
SNR required for transmission. A spectrum having higher 
energy than the average energy by 12 dB or more is preferably 
extracted as a peak spectrum. 
0100. The present embodiment uses the average energy of 
all the spectra for the comparison. In consideration of various 
types of frequency distributions of ambient noise, however, 
the determination may be made using the average energy of a 
predetermined bandwidth obtained by dividing the entire fre 
quency band. 
0101 The following describes the peak extraction pro 
cessing performed at Step S2003 in more detail with refer 
ence to FIG. 5. FIG. 5 is a flowchart of the peak extraction 
processing performed by the peak extracting unit 203. 
0102 The peak extracting unit 203 calculates the average 
value of the entire input spectrum signal (Step S3001). The 
peak extracting unit 203 makes a comparison to determine 
whether each spectrum exceeds a value obtained by adding 
+12 dB, which is a reference of the SNR, to the average value 
of the entire spectrum signal calculated at Step S3001 (Step 
S3002). If the result of comparison indicates that the value of 
the compared spectrum signal is larger than the value 
obtained by adding +12 dB to the average value of all the 
spectra, the system control goes to Step S3003. Otherwise, 
the system control goes to Step S3004. 
0103) The peak extracting unit 203 records each spectrum 
whose value is determined to be larger than the value obtained 
by adding +12 dB to the average value of all the spectra as a 
result of comparison made at Step S3002 as a reference peak 
spectrum (Step S3003). 
0104. If the peak extracting unit 203 performs the com 
parison processing of each spectrum on all the spectra, the 
system control goes to Step S3005. If the peak extracting unit 
203 does not perform the comparison processing on all the 
spectra yet, the system control goes to Step S3002 to make a 
comparison of the next spectrum (Step S3004). 
0105. The peak extracting unit 203 extracts a predeter 
mined number of upper peak spectra having a higher energy 
amount from the reference peak spectra temporarily extracted 
at Step S3003 as peak spectra (Step S3005). 
0106. In the registration processing of the peak spectra 
which will be described later, a peak spectrum having a fre 
quency interval of equal to or larger than 400 Hz is eventually 
registered as a peak. In the case of a Sound signal converted 
into a digital signal typically having a frequency range of 100 
to 3500 Hz, a signal having a harmonic structure of equal to or 
larger than 400 HZ is extracted at approximately eight points. 
Thus, the number of peaks to be extracted simply needs to be 
set to this level. In consideration of influences of a plurality of 
mixed Sounds and a sound mixed with a sound signal, it is 
sufficient to extract approximately 10 to 20 peak spectra. 
Selecting a required number of peak spectra from the tempo 
rarily extracted reference peak spectra can reduce the load of 
Subsequent processing. 
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0107 Thus, the peak extracting unit 203 extracts peak 
spectra having peak characteristics of higher energy than that 
of frequency signals adjacent thereto in accordance with the 
processing flow from Step S3001 to Step S3005. 
0108 Referring back to the flowchart in FIG. 4, peak 
independence determination processing will be described. 
The peak independence determining unit 204 determines 
whether a peak spectrum having peak characteristics is 
extracted from all the frequency spectra in the peak extraction 
processing performed by the peak extracting unit 203 (Step 
S2004). If no peak spectrum is extracted by the peak extract 
ing unit 203, it is determined that no special noise Such as a 
warning Sound is present, or is determined that special noise 
having a sufficiently low energy component is present. As a 
result, the noise-signal Suppressing unit 206 does not perform 
noise Suppression processing, which will be described later, 
and the system control goes to Step S2012. 
0109. By contrast, if the result of determination made at 
Step S2004 indicates that a peak spectrum is extracted, the 
peak independence determining unit 204 starts to determine 
whether or not the extracted peak spectrum is special noise 
Such as a warning sound. Becausea Voice signal may possibly 
be included in the extracted peak spectrum, it is not appro 
priate to automatically determine the extracted peak spectrum 
to be special noise. 
0110 Based on the fact that a harmonic component, which 

is a characteristic of speech, is distributed in high density, the 
peak independence determining unit 204 makes determina 
tion of peak independence. Thus, the peak independence 
determining unit 204 determines whether the extracted peak 
spectrum is caused by a sound signal or special noise (Step 
S2005). In other words, the peak independence determining 
unit 204 separates a sound signal from special noise based on 
the independence of the peak signal itself, that is, the distance 
of frequency between the peak signal and another extracted 
peak signal. 
0111. A warning sound such as a siren Sound and a high 
pitched engine sound of a racing car have characteristics 
common to those of Voice (speech) in terms of the composi 
tion formed of overlapping harmonic components based on a 
fundamental frequency. Special noise Such as a warning 
Sound is significantly different from speech of a human in the 
fundamental frequency. Speech has its fundamental fre 
quency at approximately 100 to 400 Hz, whereas most of the 
special noise has its fundamental frequency at 400 Hz or 
higher (excluding engine sounds having an intense low-band 
component). 
0112 Based on the characteristics described above, the 
peak independence determining unit 204 sets a reference 
frequency interval to 400 Hz and determines whether the 
distance of frequency between the detected peak spectra is 
equal to or larger than 400 Hz at Step S2005, for example. 
0113 To detect another peak spectrum in a bandwidth of 
400 Hz of the minimum unit, the following frequency reso 
lution is required. Assuming that a bandwidth of 400 Hz, has 
first peaks (peaks, or mountain) on both ends, the frequency 
resolution needs to be sufficiently high to observe a second 
peak (peak, or mountain) at around 200 Hz, corresponding to 
an intermediate point between both ends and lower sound 
pressure levels (troughs, or valley) on both sides of the second 
peak (between the first peak and the second peak). To accu 
rately determine whether the distance between peak spectra is 
equal to or larger than 400 Hz, the time? frequency converting 
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unit 202 preferably has a frequency resolution of 100 Hz that 
enables observation of at least another peak (peak). 
0114. If the frequency interval between a target peak spec 
trum and a peak spectrum adjacent thereto is Smaller than 400 
HZ, the peak independence determining unit 204 determines 
the target peak spectrum to be a speech spectrum signal. By 
contrast, if the frequency interval is equal to or larger than 400 
HZ, the peak independence determining unit 204 determines 
the target peak spectrum to be a special noise signal. 
0115 The peak spectrum determining unit 205 registers a 
peak spectrum determined to have a frequency interval of 
equal to or larger than 400 Hz as a result of determination 
made by the peak independence determining unit 204 at Step 
S2005 (Step S2006). By contrast, the peak spectrum deter 
mining unit 205 excludes a peak spectrum determined to have 
a frequency interval of smaller than 400 Hz as a result of 
determination made at Step S2005 (Step S2007). 
0116. When speech and a special noise signal are simul 
taneously received, the spectrum of a low-band part of the 
special noise signal overlaps with the distribution of the 
Sound signal. The method for separating speech from special 
noise based on the peak independence described above 
excludes the special noise component of the low-band part 
together with the speech as the determination result of peak 
independence, thereby preventing the special noise from 
being perfectly separated. Suppressing a peak spectrum in a 
mid-high-band of the special noise signal makes it possible to 
alleviate the influence on deterioration in the quality of the 
Sound signal in Voice coding as described above. 
0117. As described above, the peak independence deter 
mining unit 204 determines whether the interval between a 
target peak spectrum and a peak spectrum adjacent thereto is 
equal to or larger than a predetermined frequency interval 
(400 Hz in the present embodiment) at Step S2005. If the 
determination result indicates that the interval between the 
peak spectra is equal to or larger than 400 Hz, no other peak 
spectrum is present near the target peak spectrum, and it is 
determined that “the target peak spectrum has indepen 
dence'. The peak spectrum determining unit 205 registers the 
corresponding spectral information as a proper peak spec 
trum at Step S2006. By contrast, if the interval between the 
peak spectra is Smaller than 400 HZ, another peak spectrum is 
present near the target peak spectrum, and it is determined 
that “the target peak spectrum has no independence'. In this 
case, the peak spectrum determining unit 205 excludes the 
corresponding spectral information from spectrum candi 
dates of the special noise at Step S2007. 
0118. The peak independence determining unit 204 deter 
mines whether the determination processing of the presence 
of independence is finished for all the peak spectra (Step 
S2008). If the determination result indicates that the process 
ing is being performed, the system control returns to Step 
S2005 for determination of the next peak spectrum. By con 
trast, if the processing is finished for all the peak spectra, the 
system control goes to Step S2009 to determine whether a 
registered peak spectrum is present. 
0119 When the determination of all the peaks is finished, 
the peak spectrum determining unit 205 determines whether 
a peak spectrum having independence is registered at Step 
S2006 (Step S2009). If the determination result indicates that 
no peak spectrum having independence is registered, the peak 
spectrum determining unit 205 determines that all the peak 
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spectra extracted at Step S2004 are peak spectra relating to 
speech and that no special noise signal is present. The system 
control goes to Step S2012. 
0120) By contrast, if a peak spectrum having indepen 
dence is registered, the peak spectrum determining unit 205 
transmits information on the peak spectrum to the noise 
signal suppressing unit 206 (Step S2010). 
0121 The noise-signal suppressing unit 206 uses the 
information on the peak spectrum to be suppressed as a spe 
cial noise signal for the peak spectrum extracted by the time/ 
frequency converting unit 202, thereby performing noise Sup 
pression processing (Step S2011). In the noise Suppression 
processing, a predetermined level reduction amount is 
applied similarly to the conventional noise reduction process 
ing. The Suppression amount in the Suppression processing 
performed by the noise-signal Suppressing unit 206 may be 
the difference between the average spectrum energy and the 
peak spectrum in the unit of frequency conversion detected at 
the previous stage, or may be a Suppression amount exceeding 
12 dB, which is a reference for extraction of a peak spectrum. 
0122) The frequency/time converting unit 207 performs 
frequency/time conversion on the frequency signal obtained 
by performing the Suppression processing on the peak spec 
trum; acquires a speech output signal in the time domain; and 
outputs the speech output signal to the output unit 208 (Step 
S2012). 
0123. If no peak spectrum is detected, the peak spectrum 
determining unit 205 transmits no peak spectral information 
to the noise-signal suppressing unit 206. In this case, the 
noise-signal Suppressing unit 206 directly transmits the fre 
quency signal received from the time/frequency converting 
unit 202, without performing the noise Suppression process 
ing, to the frequency/time converting unit 207. 
0.124. The following describes the functions of the peak 
extracting unit 203, the peak independence determining unit 
204, and the peak spectrum determining unit 205 in more 
detail. 
0.125 FIG. 6 is a frequency distribution chart illustrating a 
case in which a siren Sound at a high Sound pressure level is 
collected by the sound collecting unit 201 under the condition 
of low-level ambient noise and subjected to time/frequency 
conversion. The abscissa represents the frequency of a range 
from 0 to 4 kHz, whereas the ordinate represents the sound 
pressure level. 
0126. In this example, a spectrum having the highest 
sound pressure level exceeds 100 dB, and three peak spectra 
(open circles) are detected as peak spectra having a higher 
peak than an average Sound pressure level by 12 dB or more. 
The detected peak spectra are referred to as peak spectra P1. 
P2, and P3. The peak spectra P1 to P3 are extracted by the 
peak extracting unit 203. Because the peak spectra P1 to P3 
maintain frequency intervals of equal to or larger than 400 Hz, 
the peak spectra P1 to P3 keep independence. The peak inde 
pendence determining unit 204 determines that the peak spec 
tra P1 to P3 are independent. The peak spectrum determining 
unit 205 determines that the peak spectra P1 to P3 are caused 
by special noise and transmits information on the peak spec 
tra to the noise-signal Suppressing unit 206. The noise-signal 
Suppressing unit 206 performs suppression processing on the 
three peak spectra P1 to P3. 
0127 FIG. 7 is a frequency distribution chart illustrating a 
case in which a siren Sound at a high Sound pressure level and 
a voice signal output simultaneously with the siren Sound are 
collected by the sound collecting unit 201 under the condition 
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of low-level ambient noise and subjected to time/frequency 
conversion. In addition to the siren sound observed in FIG. 6, 
speech spectra are observed and found to overlap with the 
lowest-band spectra of the siren Sound. Detected peaks are 
indicated by open circles in the same manner as described 
above. In this case, seven peak spectra Q1 to Q7 are extracted 
by the peak extracting unit 203 as illustrated in FIG. 7. The 
peak spectra Q1 to Q6 on the low-band side have no fre 
quency intervals of equal to or larger than 400 Hz, and thus 
keep no independence. The peak spectrum determining unit 
205 excludes the peaks Q1 to Q6, and registers the peak Q7 
alone as a peak spectrum. The peak spectrum determining 
unit 205 determines that the peak spectrum Q7 is caused by 
special noise and transmits information thereof on the peak 
spectrum to the noise-signal Suppressing unit 206. The noise 
signal Suppressing unit 206 performs Suppression processing 
on the peak spectrum Q7 independently present on the high 
est-band side. By contrast, the peak spectra Q1 to Q6 are 
determined to be caused by the speech and are not to be 
Subjected to the Suppression processing. 
I0128 Peak spectra caused by the siren sound are actually 
included in the peak spectra Q1 to Q6, but the peak spectra of 
the siren Sound in the low-frequency range are not excluded. 
This is because the configuration can Suppress the peak spec 
trum Q7, thereby achieving improvement in speech in a short 
time and with a smaller amount of operation. 
I0129. While the explanation has been made only of the 
Suppression processing of a special noise signal performed by 
the noise-signal suppressing device according to the first 
embodiment, the noise-signal Suppressing device may per 
form noise-signal Suppression processing in the frequency 
domain as typified by the conventional spectral Subtraction 
method besides the Suppression processing. It is also possible 
to additionally introduce the Suppression processing technol 
ogy of a special noise signal according to the first embodi 
ment into a device in the frequency domain as typified by the 
conventional spectral Subtraction method. This combination 
can provide a special-noise-signal Suppressing device also 
having the conventional noise-signal Suppression effects. 
This makes it possible to provide a noise Suppressing device 
that can reduce ambient noise together with a warning sound, 
Such as a siren Sound. 

0.130. The specific numerical values described above are 
optimum for the advantageous effects of the present embodi 
ment. The optimum value of the sound pressure level varies 
depending on the ambient noise environment and the fre 
quency resolution (low resolution tends to average the Sound 
pressure level and ambient frequency components, thereby 
lowering the Sound pressure level). The specific numerical 
values described above are not intended to limit the present 
invention. The peak independence determining unit 204 may 
employ 300 Hz or 500 Hz as a reference value for determi 
nation of independence instead of 400 Hz, for example. 
I0131 The special-signal detecting device 100 and the 
noise-signal Suppressing device 200 may further include a 
Sound pressure level measuring unit that measures the Sound 
pressure level of the sound signal collected by the sound 
collecting unit 101. When the sound pressure level measured 
by the Sound pressure level measuring unit exceeds a prede 
termined reference value, the special signal detection pro 
cessing and the special-noise Suppression processing may be 
performed. 
0.132. In the description above, the independent peak spec 
trum extracting unit 290 extracts a peak spectrum having 
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independence from the frequency signals converted by the 
time/frequency converting unit 202, and the noise-signal Sup 
pressing unit 206 Suppresses the peak spectrum having inde 
pendence as a noise signal. The present embodiment is not 
limited thereto. The noise-signal Suppressing unit 206 may 
Suppress noise by Subtracting a signal in the time domain 
obtained by the frequency/time converting unit 207 convert 
ing the extracted peak spectrum having independence from 
the Sound signals in the time domain collected by the Sound 
collecting unit 201. 
0133. Obviously, the specific detection method for special 
noise described in the noise-signal Suppressing device 200 is 
applicable to the special-signal detecting device 100 illus 
trated in FIG. 1. 

Second Embodiment 

0134. The special-signal detecting device according to the 
first embodiment detects a peak spectrum having indepen 
dence as a special signal of a siren Sound, a warning Sound, or 
the like. When unexpected pulse noise is collected by the 
Sound collecting unit, however, the special-signal detecting 
device detects the noise as a special signal. To address this, a 
special-signal detecting device according to a second 
embodiment detects a special signal more appropriately. The 
special-signal detecting device according to the second 
embodiment is described below in more detail with reference 
to the accompanying drawings. An explanation of the com 
ponents already described in the first embodiment will be 
partially omitted for clarification of the invention. 
0135 FIG. 8 is a block diagram of the configuration of a 
special-signal detecting device 300 according to the second 
embodiment. The special-signal detecting device 300 
includes a sound collecting unit 101, a time? frequency con 
Verting unit 102, a peak extracting unit 103, a peak indepen 
dence determining unit 104, a special-signal detecting unit 
305, a peak spectrum determining unit 306, and a persistence 
determining unit 307. 
0136. The peak spectrum determining unit 306 determines 
a peak spectrum determined to have independence by the 
peak independence determining unit 104 as a peak spectrum 
candidate caused by a special signal. 
0.137 The persistence determining unit 307 determines 
the persistence of the peak spectrum determined to be a peak 
spectrum candidate caused by a special signal by the peak 
spectrum determining unit 306. In other words, the persis 
tence determining unit 307 determines whether the peak 
spectrum determined to be a peak spectrum candidate caused 
by a special signal by the peak spectrum determining unit 306 
persists for a predetermined period. 
0138 If the persistence determining unit 307 determines a 
peak spectrum to be caused by a special signal when the peak 
spectrum persists for the predetermined period, the special 
signal detecting unit 305 determines the peak spectrum to be 
caused by a special signal, thereby detecting the special sig 
nal. 
0.139. The peak extracting unit 103, the peak indepen 
dence determining unit 104, and the peak spectrum determin 
ing unit 306 are collectively referred to as an independent 
peak spectrum extracting unit 390. The independent peak 
spectrum extracting unit 390 extracts a peak spectrum having 
independence from the frequency signals having been Sub 
jected to frequency conversion. 
0140. The peak independence determining unit 104 and 
the peak spectrum determining unit 306 may be collectively 
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referred to as a second peak extracting unit 350. The peak 
extracting unit 103 may be specifically referred to as a first 
peak extracting unit 103. The second peak extracting unit 350 
extracts a peak spectrum maintaining a frequency interval of 
equal to or larger than a predetermined value with respect to 
a peak spectrum adjacent thereto from the peak spectra 
extracted by the first peak extracting unit 103 as a peak 
spectrum having independence. 
0.141. The following describes an operation of the special 
signal detecting device 300. FIG.9 is a flowchart of an opera 
tion of the special-signal detecting device 300. Because pro 
cessing at Step S4001 to Step S4005 and Step S4008 to Step 
S4009 is substantially the same as the processing at Step 
S1001 to Step S1005 and Step S1006 to Step S1007 described 
with reference to FIG. 2, an explanation thereof will be omit 
ted. The following describes processing at Step S4006 and 
Step S4007 in detail. 
0142. If a peak spectrum is determined to have indepen 
dence at Step S4005, the peak spectrum determining unit 306 
determines the peak spectrum to be a peak spectrum candi 
date caused by a special signal, and registers the peak spec 
trum in a memory (Step S4006). 
0143. The persistence determining unit 307 determines 
whether or not the peak spectrum registered at Step S4006 
persists for the predetermined period or longer (Step S4007). 
If the result of persistence determination indicates that the 
peak spectrum persists for the predetermined period or 
longer, the special-signal detecting unit 305 determines the 
persisting peak spectrum to be caused by a special signal 
(Step S4008). By contrast, if the result of persistence deter 
mination indicates that the peak spectrum does not persist for 
the predetermined period or longer, the special-signal detect 
ing unit 305 determines that no special signal is detected yet 
(Step S4009). 
0144. As described above, the special-signal detecting 
device 300 according to the second embodiment determines 
whether a peak spectrum determined to maintain a frequency 
interval of equal to or larger than the predetermined value 
persists for the predetermined period or longer. Thus, the 
special-signal detecting device 300 determines whether the 
peak spectrum is caused by a special signal, thereby detecting 
a special signal. This can prevent unexpected noise from 
being erroneously detected as a special signal. 
0145 The following describes a noise-signal Suppressing 
device further having the persistence determination function 
explained above. FIG. 10 is a block diagram of the configu 
ration of a noise-signal Suppressing device 400 according to 
the second embodiment. 
0146 The noise-signal suppressing device 400 includes a 
Sound collecting unit 201, a time/frequency converting unit 
202, a peak extracting unit 203, a peak independence deter 
mining unit 204, a peak spectrum determining unit 205, a 
noise-signal Suppressing unit 206, a frequency/time convert 
ing unit 207, an output unit 208, a persistence determining 
unit 409, and an operating mode determining unit 410. 
0147 The persistence determining unit 409 determines 
the persistence of a peak spectrum extracted by the peak 
spectrum determining unit 205. In other words, the persis 
tence determining unit 409 determines whether the peak 
spectrum registered as a peak spectrum having independence 
by the peak spectrum determining unit 205 persists for a 
predetermined period. The persistence determining unit 409 
outputs the determination result to the operating mode deter 
mining unit 410. 
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0148 Based on the determination result received from the 
persistence determining unit 409, the operating mode deter 
mining unit 410 determines an operating mode relating to 
Suppression of special noise. The operating mode determin 
ing unit 410 has two operating modes of a Suppression mode 
to suppress special noise and a normal mode not to suppress 
special noise. Based on the determination result received 
from the persistence determining unit 409, the operating 
mode determining unit 410 Switches the mode. In accordance 
with the operating mode determined by the operating mode 
determining unit 410, the noise-signal Suppressing unit 206 
performs Suppression processing of special noise. 
014.9 The peak extracting unit 203, the peak indepen 
dence determining unit 204, and the peak spectrum determin 
ing unit 205 are collectively referred to as an independent 
peak spectrum extracting unit 490. The independent peak 
spectrum extracting unit 490 extracts a peak spectrum having 
independence from the frequency signals having been Sub 
jected to frequency conversion. 
0150. The peak independence determining unit 204 and 
the peak spectrum determining unit 205 may be collectively 
referred to as a second peak extracting unit 450. The peak 
extracting unit 203 may be specifically referred to as a first 
peak extracting unit 203. The second peak extracting unit 450 
extracts a peak spectrum maintaining a frequency interval of 
equal to or larger than a predetermined value with respect to 
a peak spectrum adjacent thereto from the peak spectra 
extracted by the first peak extracting unit 203 as a peak 
spectrum having independence. 
0151. The following describes an operation of the noise 
signal suppressing device 400. FIG. 11 is a flowchart of an 
operation of the noise-signal Suppressing device 400. 
Because processing at Step S5001 to Step S5009 is substan 
tially the same as the processing at Step S2001 to Step S2009 
in FIG.4, an explanation thereof will be omitted. The follow 
ing describes processing from Step S5010 in detail. 
0152 The peak spectrum determining unit 205 registers a 
peak spectrum determined to be independent by the peak 
independence determining unit 204 as a peak spectrum for 
measurement of persistence (Step S5010). 
0153. The persistence determining unit 409 determines 
whether the peak spectrum registered at Step S5010 persists 
for the predetermined period or longer (Step S5011). The 
result of determination made at Step S5011 is transmitted to 
the operating mode determining unit 410. 
0154). If the result of determination made at Step S5011 
indicates that the peak spectrum for measurement does not 
persist for the predetermined period or longer, the operating 
mode determining unit 410 sets the operating mode into the 
normal mode not to suppress special noise (Step S5012). By 
contrast, if the result of determination made at Step S5011 
indicates that the peak spectrum for measurement persists for 
the predetermined period or longer, the operating mode deter 
mining unit 410 Switches the operating mode into the Sup 
pression mode to suppress special noise (Step S5013). In the 
Suppression mode, the operating mode determining unit 410 
transmits information on the independent peak spectrum reg 
istered at Step S5006 to the noise-signal suppressing unit 206 
(Step S5014). 
0155 The noise-signal suppressing unit 206 uses the 
information on the peak spectrum to be suppressed as a spe 
cial noise signal, of which information is transmitted from the 
operating mode determining unit 410, for the peak spectrum 
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extracted by the time/frequency converting unit 202, thereby 
performing noise suppression processing (Step S5015). 
0156 A frequency signal having been subjected to the 
noise Suppression processing in the Suppression mode or a 
frequency signal not having been Subjected to the noise Sup 
pression processing in the normal mode is reconverted into 
Sound signal in the time domain by the frequency/time con 
verting unit 207 (Step S5016). 
0157 (a) of FIG. 12 is a time waveform chart of an ampli 
tude level of an input signal in a case in which speech of a 
human and a siren Sound are simultaneously collected, and 
(b) of FIG. 12 illustrates a spectrogram waveform of the input 
signal and is arranged side by side with (a) of FIG. 12. In (b) 
of FIG. 12, the ordinate represents the frequency, the shading 
indicates the intensity of the spectrum, and the abscissa rep 
resents the time shift. 

0158. As illustrated in (b) of FIG. 12, a siren sound having 
a harmonic structure is detected in the section from time to to 
t9; and speech is detected in the sections from tl to ta and 
from t5 to t8. The portions surrounded by the dotted ellipses 
in (b) of FIG. 12 indicate peak spectral regions determined as 
independent peak spectra by the peak independence deter 
mining unit 204. 
0159. The following describes an operation of the persis 
tence determining unit 409 and an operation of the operating 
mode determining unit 410 in the state illustrated in (a) and 
(b) of FIG. 12 with reference to FIG. 13. (c) of FIG. 13 is a 
diagram for explaining the persistence of the peak spectra and 
the Switching of the operating modes, and is arranged side by 
side with (a) and (b) of FIG. 13. 
0160. In the section from t0 to t1, an independent peak 
spectrum continues to be detected. At time T1, the persistence 
determining unit 409 determines that the peak spectrum per 
sists for the predetermined period or longer and issues an 
operating mode Switching instruction to the operating mode 
determining unit 410. The operating mode determining unit 
410 receives the operating mode Switching instruction and 
Switches the operating mode from the normal mode to the 
Suppression mode. 
0.161. After the timing t1 at which the speech is collected, 
the peak extracting unit 203 extracts peaks. The peak inde 
pendence determining unit 204, however, determines that 
each peak spectrum is not independent until the timingt2. The 
persistence determining unit 409 determines that the peak 
spectrum does not persist at the timing t1 and issues an oper 
ating mode Switching instruction to return to the normal mode 
to the operating mode determining unit 410. Based on the 
operating mode Switching instruction, the operating mode 
determining unit 410 returns the operating mode from the 
Suppression mode to the normal mode. 
0162 This processing extracts independent peak spectra 
in the sections from t2 to t6 and from t7 to t9; and the 
persistence determining unit 409 determines that each peak 
spectrum persists. In the same manner as the timing T1, the 
persistence determining unit 409 issues an operating mode 
Switching instruction to Switch the operating mode from the 
normal mode to the Suppression mode to the operating mode 
determining unit 410 at the timings T2 and T3, when the 
persistence value exceeds a threshold. Thus, the operating 
mode is Switched from the normal mode to the Suppression 
mode. At the timings to and t9, the persistence determining 
unit 409 issues an operating mode Switching instruction to 
Switch the operating mode from the Suppression mode to the 
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normal mode to the operating mode determining unit 410. 
Thus, the operating mode is Switched from the Suppression 
mode to the normal mode. 
0163 As described above, the noise-signal suppressing 
device 400 according to the second embodiment determines 
whether a peak spectrum determined to maintain a frequency 
interval of equal to or larger than the predetermined value 
persists for the predetermined period or longer. Thus, the 
noise-signal Suppressing device 400 determines whether the 
peak spectrum is caused by a special signal. If a peak spec 
trum having independence persists for the predetermined 
period or longer, the noise-signal Suppressing device 400 
Suppresses the peak spectrum component. This configuration 
can prevent unexpected speech, which is not special noise 
Such as a siren Sound, from being erroneously suppressed. 
0164. In the description above, the peak independence 
determining unit 204 determines a peak spectrum to be inde 
pendent because it is separated from another peak spectrum 
by the predetermined frequency or more, and the peak spec 
trum determining unit 205 registers the peak spectrum as a 
peak spectrum for persistence measurement. The present 
embodiment is not limited thereto. In the case in which the 
peak independence determining unit 204 determines that a 
plurality of peak spectra are independent, the peak spectrum 
determining unit 205 may register apart of the peak spectra as 
the peak spectrum for persistence measurement. 
0.165 FIG. 14 is a diagram for explaining, when persis 
tence is determined using one peak spectrum having the low 
est frequency out of the peak spectra determined to have 
independence as a peak spectrum for persistence measure 
ment, the persistence of the peak spectrum and the Switching 
of the operating modes. 
0166 Peak spectra in the portions surrounded by the dot 
ted ellipses in (b) of FIG. 14 are extracted by the peak spec 
trum determining unit 205 as peak spectra for persistence 
measurement. Because one peak spectrum is focused on in 
the determination of persistence illustrated in (b) of FIG. 14, 
the threshold for Switching the operating modes, that is, a time 
interval until the operating mode is Switched into the Suppres 
sion mode is set shorter than the case in FIG. 13. 
0167 As illustrated in (b) and (c) of FIG. 14, peak spectra 
having independence are detected in the sections from t0 to t1, 
from t2 to té, and from t7 to t9. Because the peak spectrum to 
be focused on is changed at the timings t3, tA, t5, and t8, the 
persistence determining unit 409 resets the count of persis 
tence. In the case in FIG. 14, the section, in which the oper 
ating mode determining unit 410 sets the operating mode into 
the Suppression mode and the noise-signal Suppressing unit 
206 performs suppression processing on special noise, corre 
sponds to the sections from T1 to t1, from T2 to t3, from T3 to 
t5, from T4 to té, from T5 to t8, and from T6 to t9. 
0168 The processing method illustrated in FIG. 14 makes 
the section, in which special noise is detected and Suppressed, 
shorter than that of the processing method illustrated in FIG. 
13. Because the persistence can be determined by focusing on 
one peak spectrum, it is possible to detect and Suppress the 
special noise with a smaller amount of operation. 
0169. Obviously, the specific detection method described 
in the noise-signal Suppressing device 400 is applicable to the 
special-signal detecting device 300. 

Third Embodiment 

0170 The special noise suppressing method explained 
with reference to FIG. 13 performs persistence determination 

Nov. 27, 2014 

processing on a plurality of peak spectra. This special noise 
Suppressing method increases the processing load of the 
device but can appropriately detect the presence of special 
noise so as to perform noise Suppression processing. By con 
trast, the special noise Suppressing method explained with 
reference to FIG. 14 determinates the persistence by focusing 
on one peak spectrum. Thus, the special noise Suppressing 
method can reduce the processing load but increases the 
number of sections in which a special noise signal fails to be 
Suppressed. 
0171 To address this, a noise-signal Suppressing device 
according to a third embodiment reduces the processing load 
and appropriately detects the presence of a special noise 
signal so as to perform noise Suppression processing. The 
noise-signal Suppressing device according to the third 
embodiment is described below in more detail with reference 
to the accompanying drawings. An explanation of the com 
ponents already described in the first and second embodi 
ments will be partially omitted for clarification. 
0172 FIG. 15 is a block diagram of the configuration of a 
noise-signal Suppressing device 500 according to the third 
embodiment. The noise-signal suppressing device 500 
includes a sound collecting unit 201, a time? frequency con 
Verting unit 202, a peak extracting unit 203, a peak indepen 
dence determining unit 204, a noise-signal Suppressing unit 
206, a frequency/time converting unit 207, an output unit 208, 
a peak spectrum determining unit 505, a persistence deter 
mining unit 509, an operating mode determining unit 510, 
and an energy calculating unit 511. 
0173 The energy calculating unit 511 calculates an 
energy amount (a sound pressure level) of a sample group 
formed of a plurality of samples serving as a unit of process 
ing for a frequency signal received from the time/frequency 
converting unit 202. The energy calculating unit 511 deter 
mines whether the calculated energy amount exceeds a pre 
determined reference energy amount. The determination 
result is output into the persistence determining unit 509. 
0.174. The peak spectrum determining unit 505 determines 
a peak spectrum having the lowest frequency out of a plurality 
of peak spectra determined to have independence by the peak 
independence determining unit 204 as a peak spectrum for 
persistence measurement. The peak spectrum determining 
unit 505 transmits the determined peak spectrum to the per 
sistence determining unit 509. 
(0175. The persistence determining unit 509 determines 
whether the peak spectrum persists based on the result of 
energy calculation (result of energy measurement) performed 
by the energy calculating unit 511 and based on the determi 
nation of persistence of the peak spectrum for measurement 
transmitted from the peak spectrum determining unit 505. 
0176 Specifically, the persistence determining unit 509 
increases and decreases a value referred to as a persistence 
point stored in an internal counter based on the result of 
energy calculation performed by the energy calculating unit 
511 and based on the determination of persistence of the peak 
spectrum for measurement transmitted from the peak spec 
trum determining unit 505. The persistence point is a set value 
relating to the determination of persistence for determining 
whether or not to perform Suppression processing on a special 
noise component. The value of the persistence point mea 
sured and managed by the persistence determining unit 509 is 
transmitted to the operating mode determining unit 510. 
0177. The operating mode determining unit 510 compares 
the value of the persistence point received from the persis 
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tence determining unit 509 with a point threshold serving as 
a reference, thereby Switching between the special signal 
Suppression mode and the normal mode. If the value of the 
persistence point exceeds the threshold, the operating mode 
determining unit 510 sets the operating mode to the special 
signal Suppression mode. The operating mode determining 
unit 510 then outputs information on the peak spectrum deter 
mined to be an independent peak spectrum and extracted by 
the peak independence determining unit 204 to the noise 
signal Suppressing unit 206. In accordance with the Suppres 
sion operating mode specified by the operating mode deter 
mining unit 510, the noise-signal Suppressing unit 206 
performs special-noise Suppression processing so as to Sup 
press a target peak spectrum signal based on the received 
information on the peak spectrum. 
0.178 The peak extracting unit 203, the peak indepen 
dence determining unit 204, and the peak spectrum determin 
ing unit 505 are collectively referred to as an independent 
peak spectrum extracting unit 590. The independent peak 
spectrum extracting unit 590 extracts a peak spectrum having 
independence from the frequency signals having been Sub 
jected to frequency conversion. 
0179 The peak independence determining unit 204 and 
the peak spectrum determining unit 505 may be collectively 
referred to as a second peak extracting unit 550. The peak 
extracting unit 203 may be specifically referred to as a first 
peak extracting unit 203. The second peak extracting unit 550 
extracts a peak spectrum, maintaining a frequency interval of 
equal to or larger than a predetermined value with respect to 
a peak spectrum adjacent thereto from the peak spectra 
extracted by the first peak extracting unit 203, as a peak 
spectrum having independence. 
0180. The persistence determining unit 509 manages the 
set value increased when the independent peak spectrum 
extracted by the independent peak spectrum extracting unit 
590 persists and decreased when the independent peak spec 
trum does not persist. The persistence determining unit 509 
may be referred to as a set value management unit 509. The set 
value management unit 509 increases the set value when the 
independent peak spectrum extracted by the independent 
peak spectrum extracting unit 590 persists and decreases the 
set value when the independent peak spectrum does not per 
sist. The operating mode determining unit 510 determines 
whether to or not to cause the noise-signal Suppressing unit 
206 to suppress a noise signal based on whether or not the set 
value managed by the set value management unit 509 exceeds 
the predetermined threshold. 
0181. The following describes an operation of the noise 
signal suppressing device 500. FIG. 16 is a flowchart of an 
operation of the noise-signal Suppressing device 500. 
Because processings at Step S6001 to Step S6002, Step 
S6006 to Step S6009, and Step S6017 to Step S6021 are 
substantially the same as the processings at Step S5001 to 
Step S5002, Step S5005 to Step S5008, and Step S5012 to 
Step S5016 in FIG. 11, explanations thereof will be omitted. 
0182. The following describes processing at Step S6003 to 
Step S6005. The energy calculating unit 511 calculates an 
energy amount (a sound pressure level) of a sample group 
formed of a plurality of samples serving as a unit of process 
ing for a frequency signal received from the time/frequency 
converting unit 202. The energy calculating unit 511 deter 
mines whether the energy amount exceeds a predetermined 
energy amount (Step S6003). The processing at Step S6003 is 
performed to determine whether a target Sound signal in the 
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Voice coding process is affected by noise based on the energy 
of the input signal. The determination result is transmitted to 
the persistence determining unit 509. If the result of determi 
nation made at Step S6003 indicates that the energy amount 
of the input signal is Smaller than a reference value, the 
persistence determining unit 509 gives a minus value to the 
persistence point (Step S6012). 
0183 Special noise included in the input signal, that is, a 
noise signal of a warning Sound or the like having a low Sound 
pressure level slightly affects the Sound signal in the Voice 
coding, and a Sufficient speech quality is maintained. Thus, 
the Suppression processing simply needs to be performed 
only when an excessively large warning Sound is present. In 
the present embodiment, the energy calculating unit 511 
determines whether the sound pressure level of the input 
signal is equal to or higher than 80 dB. If the sound pressure 
level is equal to or higher than 80 dB, Suppression processing 
of the special noise signal is performed (there is a case in 
which no suppression processing may possibly be performed 
in the end). If the sound pressure level is lower than 80 dB, a 
minus value is given to the set value relating to the determi 
nation of persistence for determining whether to perform the 
Suppression processing on the special noise component. The 
energy calculating unit 511 may calculate the energy amount 
either before or after the frequency conversion. A sound pres 
sure level of 80 dB, which is set as the reference value, is 
equivalent to the level which is detected under an elevated 
railway track, the level of factory noise, and the like and 
requires the noise Suppression processing in the voice coding. 
0.184 The peak extracting unit 203 extracts peaks having 
peak characteristics from the received frequency signals 
(Step S6004). Because the specific extracting method is 
already described, the explanation thereof will be omitted. 
0185. The peak independence determining unit 204 deter 
mines whether a peak spectrum is extracted by the peak 
extracting unit 203 and transmits the determination result to 
the persistence determining unit 509 (Step S6005). If the 
result of determination made by the peak independence deter 
mining unit 204 indicates that no spectrum serving as a peak 
is present, that is, no warning Sound is present or a warning 
Sound having a sufficiently low energy component is present, 
the persistence determining unit 509 gives a minus value to 
the persistence point (Step S6012). 
0186 The following describes processing at Step S6010 to 
Step S6016. The peak spectrum determining unit 505 deter 
mines whether a peak spectrum having independence is 
extracted and registered based on the peak determination 
made by the peak independence determining unit 204 (Step 
S6010). If the determination result indicates that no peak 
spectrum having independence is registered, the persistence 
determining unit 509 gives a minus value to the persistence 
point (Step S6012). 
0187. By contrast, if the result of determination made at 
Step S6010 indicates that a peak spectrum having indepen 
dence is registered, the peak spectrum determining unit 505 
selects and registers a peak spectrum for persistence measure 
ment from the registered peak spectrum (Step S6011). In the 
case in which a plurality of peak spectra having independence 
are extracted, the peak spectrum determining unit 505 selects 
the lowest-band peak spectrum out of the peak spectra and 
registers the lowest-band peak spectrum as a peak spectrum 
for persistence measurement. 
0188 In the state illustrated in FIG. 6, for example, the 
peak spectrum determining unit 505 determines the peak 
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spectrum P1 having the lowest frequency out of the peak 
spectra P1 to P3 determined to have independence by the peak 
independence determining unit 204 as a peak spectrum for 
persistence measurement. In the state illustrated in FIG.7, the 
peak spectrum determining unit 505 automatically deter 
mines the peak spectrum Q7 determined to have indepen 
dence by the peak independence determining unit 204 as a 
peak spectrum for persistence measurement. 
0189 The persistence determining unit 509 determines 
whether the peak spectrum for measurement selected at Step 
S6011 persists (Step S6013). In other words, the persistence 
determining unit 509 determines whether the peak spectrum 
selected as the lowest-band peak spectrum continues to be 
selected as the lower-band peak spectrum along with time. 
0190. Specifically, the persistence determining unit 509 
uses the lowest-band peak spectrum registered for persistence 
measurement and a previously registered lowest-band peak 
spectrum and determines whether temporal persistence is 
present therebetween based on peak spectral information 
obtained by two sets of frequency conversion temporally 
adjacent to each other. Thus, the persistence determining unit 
509 observes the temporal persistence of the special noise. 
0191) While most of the siren sounds and high-pitched 
engine sounds have frequency components varying with time, 
the frequency shift widthis limited in an extremely short time. 
Because the frequency conversion duration is set from several 
tens of milliseconds to several hundreds of milliseconds as 
described above, an increase in time resolution leads to a 
decrease in the frequency shift. The persistence determining 
unit 509 provides a predetermined allowable frequency range 
corresponding to the frequency conversion duration to the 
lowest-band peak spectrum. The persistence determining unit 
509 determines whether the next lowest-band peak spectrum 
is included in the range, thereby determining the persistence. 
The allowable range is a bandwidth including spectra before 
and after the selected spectrum obtained by frequency con 
version, for example. 
(0192. If the result of determination made at Step S6013 
indicates that the peak spectrum persists, the persistence 
determining unit 509 gives a plus value to the persistence 
point (Step S6014). By contrast, if it is determined that the 
peak spectrum does not persist, the persistence determining 
unit 509 gives a minus value to the persistence point (Step 
S6015). Every time the persistence point is updated, it is 
transmitted to the operating mode determining unit 510. 
0193 Specifically, the persistence determining unit 509 
determines whether or not a bandwidth, including spectra 
before and after the previously registered lowest-band peak 
spectrum, contains the currently registered lowest-band peak 
spectrum. If the determination result indicates that the differ 
ence in frequency between the currently registered lowest 
band peak spectrum and the previously registered lowest 
band peak spectrum falls within the predetermined range, the 
persistence determining unit 509 determines that the peak 
spectrum persists. The persistence determining unit 509 gives 
a plus value indicating that the peak spectrum persists to the 
persistence point. By contrast, if the currently registered low 
est-band peak spectrum is not included in the predetermined 
range, the persistence determining unit 509 determines that 
the peak spectrum does not persist. The persistence determin 
ing unit 509 gives a minus value indicating that the peak 
spectrum does not persist to the persistence point. Determin 
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ing the persistence in this manner can eliminate the influence 
of a peak spectrum erroneously detected because of an unex 
pected noise component. 
0194 The operating mode determining unit 510 compares 
the current value of the persistence point that is transmitted 
with a threshold for switching the operating modes, thereby 
determining whether the persistence point is equal to or larger 
than a predetermined number (Step S6016). Based on the 
determination result, the operating mode determining unit 
510 sets the operating mode to the suppression mode or to the 
normal mode. 
0.195 The following describes changes in the persistence 
point along with time in the noise-signal Suppressing device 
500 with reference to FIG. 17 and the flowchart illustrated in 
FIG. 16. FIG.17 is a diagram for explaining the persistence of 
the peak spectrum and the Switching of the operating modes. 
(c) of FIG. 17 illustrates the persistence point value that 
determines a transition to the Suppression operating mode. 
0196. As illustrated in FIG. 17, a plus value is given to the 
persistence point in accordance with Step S6014 in the sec 
tions from t0 to t1, from t2 to té, and from t7 to t9. By contrast, 
a minus value is given to the persistence point in accordance 
with Step S6012 in the sections from t1 to t2, from to to t7, and 
after t9. Because the peak spectrum for persistence measure 
ment is changed at the timings t3, tA, t5, and t8, a minus value 
is temporarily given in accordance with Step S6015. 
0.197 As illustrated in FIG. 17, the persistence point has 
the upper limit, and the persistence determining unit 509 does 
not increase the persistence point more than the upper limit. 
In other words, before giving a plus value at Step S6014, the 
persistence determining unit 509 subsidiarily determines 
whether the persistence point already reaches the upper limit. 
If the persistence point already reaches the upper limit, the 
persistence determining unit 509 does not give the plus value. 
Similarly, before giving a minus value at Step S6015, the 
persistence determining unit 509 subsidiarily determines 
whether the persistence point already reaches 0, which is the 
lower limit. If the persistence point already reaches the lower 
limit of 0, the persistence determining unit 509 does not give 
the minus value. 
0198 Setting the upper limit and the lower limit for the 
persistence point in this manner can provide a certain reten 
tion time in a transition of the operating mode. This stabilizes 
the operating mode, thereby effectively reducing a feeling of 
Strangeness caused by a rapid change in an output signal. 
Setting the upper limit in this manner can optimize the time 
from when a special signal disappears to when the operating 
mode returns to the normal mode. 
(0199. As illustrated in FIG. 17, the persistence determina 
tion processing is performed focusing on one peak spectrum 
as a target, thereby decreasing the processing load. In a sec 
tion in which a special signal is present, the special signal 
Suppression mode is appropriately maintained, and the noise 
signal Suppressing unit 206 Suppresses special noise caused 
by the special signal. This can achieve noise-signal Suppres 
sion processing having the advantageous effects of both the 
processing illustrated in FIG. 13 and the processing illus 
trated in FIG. 14. 
0200 FIG. 18A illustrates an example in which a signal 
not subjected to special-noise Suppression processing in a 
section of a siren Sound including speech is input to a Voice 
coding and decoding device, and the resultant output signal is 
indicated by a spectrogram. FIG. 18B illustrates an example 
in which a signal having been Subjected to special-noise 
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Suppression processing in a section of a siren Sound including 
speech is input to the Voice coding and decoding device, and 
the resultant signal is indicated by a spectrogram. The Voice 
coding and decoding device that performs Voice coding and 
other processing on the received sound signal may be pro 
vided to the output unit 208 or an output destination of the 
output unit 208. The voice coding and decoding device (voice 
coding and decoding unit) may use various types of Voice 
coding methods for the Voice coding, including code-excited 
linear prediction (CELP) employed in mobile phones and 
Vocoder employed in radios, for example. 
0201 AS is clear from the comparison between FIG. 18A 
and FIG. 18B, performing no special-noise Suppression pro 
cessing reduces the articulation of the speech waveform 
because of an influence of Siren Sound components (thick 
lateral stripes). By contrast, performing special-noise Sup 
pression processing enables the Stripe patterns of the speech 
waveform to be clearly observed. This is because a restoration 
effect is exerted on the Sound signal component in the process 
of the Voice coding and decoding. 
0202 As described above, the noise-signal Suppressing 
device according to the third embodiment increases and 
decreases the set value relating to determination of persis 
tence for determining whether or not to perform Suppression 
processing of a special noise component, thereby Switching 
the operating modes. 
0203 If a peak spectrum having independence is present 
in the noise-signal Suppressing device, the persistence deter 
mining unit 509 registers the lowest-band peak spectrum used 
as a reference for determining a frequency range to observe 
temporal persistence, and then performs persistence determi 
nation processing. At this time, the persistence determining 
unit 509 separately records lowest-band peak spectral infor 
mation previously registered as previously registered lowest 
band peak spectral information. The persistence determining 
unit 509 determines whether the previously registered lowest 
band peak spectral information and currently registered low 
est-band peak spectral information are included in the prede 
termined frequency range, thereby determining the 
persistence. Based on the determination result, the persis 
tence determining unit 509 gives a plus value or a minus value 
to the persistence point. If no peak spectrum is eventually 
registered in the determination of independence at the previ 
ous stage, it is assumed that no special noise is present. The 
persistence determining unit 509 gives a minus value to the 
persistence point serving as the set value relating to determi 
nation of persistence for determining whether to perform 
Suppression processing of a special noise component. 
0204 The plus value or the minus value is given to the 
persistence point at every frequency conversion. When the 
persistence point reaches a predetermined number, the oper 
ating mode determining unit 510 determines that persistence, 
which is a characteristic of special noise, is detected and 
Switches the operating mode to the special signal Suppression 
mode so as to Suppress a special noise signal. If the persis 
tence point is Smaller than the predetermined number, the 
operating mode determining unit 510 Switches the operating 
mode to the normal mode so as not to Suppress a special noise 
signal. 
0205 Introduction of the persistence point as a reference 
for observation of the persistence can reduce a time for detec 
tion of a warning Sound and a time for non-detection of the 
warning Sound after the warning Sound stops compared with 
a pattern analysis carried out with a signal waveform on a 
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temporal axis. This makes it possible to quickly suppress the 
warning sound. In addition, it is also possible to quickly 
determine that the warning Sound stops (non-detection). This 
can save unnecessary Suppression of a signal component, 
thereby maintaining the quality of the Sound signal. 
0206 While a normal conversation may possibly be long 
in terms of a phrase, each word is output in a short time and 
has duration of approximately several hundreds of millisec 
onds. Duration of one word scarcely exceeds 500 millisec 
onds. A Voice signal that contains a signal component having 
a harmonic structure and composed of a peak spectrum at a 
high Sound pressure level is different from a special noise 
signal. Such as a siren Sound and an engine Sound, in the 
persistence of each Sound, which is an important factor, 
besides the frequency interval of the harmonic component. 
By allowing a frequency shift within a certain limited range 
and observing a shift of a characteristic frequency component 
(lowest-band peak spectrum) for a certain period of time, it is 
possible to grasp the presence of a special noise signal more 
accurately. From this point of view, the certain period of time 
simply needs to be set approximately one second. The certain 
period of time is set extremely shorter than a siren Sound 
having long periodicity (five to ten seconds). This makes it 
possible to quickly detect the presence of the siren Sound 
compared with the pattern analysis method in one period of a 
time signal and possible to take measures against the noise 
component. 
0207. The influence of the sound signal included in the 
special noise signal may possibly change and destabilize the 
spectrum to be extracted as the low-band peak spectrum each 
time. The noise-signal Suppressing device according to the 
present embodiment observes the persistence point for a long 
term to determine the persistence, thereby maintaining the 
special signal Suppression mode to Suppress a special noise 
signal. Thus, the noise-signal Suppressing device can Sup 
press an extremely high peak spectrum, thereby maintaining 
the speech quality in a process of Voice coding. 
0208 While the plus value and the minus value given to 
the persistence point are constant and the persistence point 
linearly changes in the description above, the present embodi 
ment is not limited thereto. In FIG. 16, the minus value given 
based on the results of determination made at Step S6003, 
Step S6005, Step S6010, and Step S6013 may vary, for 
example. If no peak spectrum having an energy amount equal 
to or larger than the predetermined energy amount is detected 
at Step S6003, for example, the persistence determining unit 
509 may determine that no special signal is present and may 
give a larger minus value. This configuration can hasten the 
return to the normal mode after t9 in FIG. 17. 
0209 Obviously, the special noise detecting function pro 
vided to the noise-signal Suppressing device may be indepen 
dently applicable to other uses as a special-signal detecting 
device. 

Fourth Embodiment 

0210. A notification sound having an extremely intense 
spectrum at a high band is output when the functions of a 
life-support system for a firefighter at a fire site deteriorate or 
when vital reactions of the firefighter himself/herself are 
reduced. FIG. 19 is a spectrogram chart of a notification 
Sound output from a life-support system or the like in Such 
emergency situations. FIG. 19 illustrates a spectrum group 
having intense energy at a high band. Similarly to a warning 
Sound Such as a siren Sound, the influence of the intense 
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component reduces the amount of information to be used for 
speech information in a process of a Voice coding method 
employed in a communication device, thereby preventing a 
Voice signal from being properly transmitted. In addition, the 
intense frequency component at the high band serves as a 
harsh Sound, thereby rendering the Voice Sound inaudible. 
0211. A noise-signal Suppressing device according to a 
fourth embodiment appropriately detects and Suppresses a 
notification Sound having special characteristics. The noise 
signal Suppressing device according to the fourth embodi 
ment is described below in more detail with reference to the 
accompanying drawings. 
0212 FIG. 20 is a block diagram of the configuration of a 
noise-signal Suppressing device 600 according to the fourth 
embodiment. The noise-signal Suppressing device 600 
includes a sound collecting unit 601, a time? frequency con 
verting unit 602, a peak extracting unit 603, a lowest-band 
peak frequency analyzing unit 604, a persistence determining 
unit 605, an operating mode determining unit 606, a noise 
signal Suppressing unit 607, a frequency/time converting unit 
608, and an output unit 609. 
0213. The sound collecting unit 601 collects speech and 
noise. Ambient sound including a target Sound collected by 
the sound collecting unit 601 is transmitted to the time/fre 
quency converting unit 602 as a Sound signal in the time 
domain. The sound collecting unit 601 (and a sound collect 
ing unit 701, which will be described later) may function as an 
input unit that receives a sound signal. The input unit may 
receive a sound signal not from the sound collecting unit 601 
(sound collecting unit 701) but from an external sound col 
lecting device, for example. 
0214. The time/frequency converting unit 602 converts the 
Sound signal in the time domain acquired by the Sound col 
lecting unit 601 into a frequency signal in the frequency 
domain. Because the time? frequency converting unit 602 Sim 
ply needs to detect a notification Sound, the frequency reso 
lution thereof may be equal to or higher than 100 Hz. 
0215. The peak extracting unit 603 extracts a spectrum 
having an extremely high energy component from the spec 
trum signal converted into the frequency-domain signal by 
the time/frequency converting unit 602. 
0216. The lowest-band peak frequency analyzing unit 604 
determines whether the lowest-band peak spectrum out of the 
peak spectra extracted by the peak extracting unit 603 is equal 
to or higher than a predetermined frequency. Specifically, the 
lowest-band peak frequency analyzing unit 604 determines 
whether the lowest-band peak spectrum is equal to or higher 
than 2 kHz. 

0217. The persistence determining unit 605 determines 
whether the lowest-band peak spectrum, which is determined 
to be equal to or higher than the predetermined frequency by 
the lowest-band peak frequency analyzing unit 604, persists. 
In other words, the persistence determining unit 605 deter 
mines whether the peak spectrum having a lowest-band fre 
quency of equal to or higher than 2 kHz out of the extracted 
peak spectra is continuously extracted along with time. 
0218. The operating mode determining unit 606 deter 
mines whether to suppress a noise signal based on the result of 
determination made by the persistence determining unit 605. 
Specifically, the operating mode determining unit 606 
Switches the operating mode to the normal mode or to the 
special signal Suppression mode based on the persistence 
determination result. 
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0219. If the operating mode determining unit 606 selects 
the special signal Suppression mode and determines to Sup 
press a noise signal, the noise-signal Suppressing unit 607 
removes a special noise signal from the frequency signals in 
the frequency domain output from the time? frequency con 
verting unit 602. The noise-signal suppressing unit 607 out 
puts the frequency signal having been Subjected to the noise 
Suppression to the frequency/time converting unit 608. 
0220. The frequency/time converting unit 608 converts the 
frequency signal received from the noise-signal Suppressing 
unit 607 into a sound signal in the time domain. The fre 
quency/time converting unit 608 outputs the converted Sound 
signal to the output unit 609. 
0221) The output unit 609 performs voice coding on the 
Voice signal received from the frequency/time converting unit 
608 as needed and outputs the voice signal to the outside. The 
output unit 609 may be a wireless transmission unit that 
wirelessly transmits the received Voice signal to the outside. 
0222. The following describes an operation of the noise 
signal suppressing device 600. FIG. 21 is a flowchart of an 
operation of the noise-signal Suppressing device 600. 
0223 Voice collected by the sound collecting unit 601 is 
transmitted to the time/frequency converting unit 602 as a 
sound signal in the time domain (Step S7001). The time/ 
frequency converting unit 602 converts the received sound 
signal in the time domain into a frequency signal in the 
frequency domain (Step S7002). The frequency conversion 
and the inverse frequency conversion are performed in units 
of sample groups formed in predetermined duration. The 
frequency resolution is determined based on a sampling rate 
of the input signal and the number of samples of the frequency 
converting unit. 
0224. The peak extracting unit 603 calculates the average 
value of all the spectra received from the time/frequency 
converting unit 602. The peak extracting unit 603 compares 
the average value of all the calculated spectra with the energy 
of each spectrum. Thus, the peak extracting unit 603 deter 
mines whether a target spectrum has a higher energy ratio 
with respect to the energy of spectra adjacent thereto (energy 
of an average spectrum), that is, whether the spectrum has 
peak characteristics, thereby extracting a peak of the spec 
trum (Step S7003). The reference for determination of the 
presence of the peak characteristics may be defined as a 
spectrum having energy higher than the average energy by 12 
dB or more as described above. 
0225. The lowest-band peak frequency analyzing unit 604 
determines whether a spectrum having peak characteristics is 
extracted from all the frequency spectra (Step S7004). If the 
determination result indicates that no extracted peak is 
present, that is, no notification sound is present or a notifica 
tion Sound having a sufficiently low energy component is 
present, the lowest-band peak frequency analyzing unit 604 
determines that no notification Sound is present, and the pro 
cessing ends. By contrast, if an extracted peak is present, the 
lowest-band peak frequency analyzing unit 604 determines 
whether the lowest-band peak spectrum out of the extracted 
peak spectra is equal to or higher than a reference value of 2 
kHz (Step S7005). 
0226. The notification sound is an artificial signal and is 
distributed at a high band. In the case of a digital signal whose 
band falls within 0 to 4000 Hz, which is used in typical speech 
processing, the notification Sound is distributed in a band of 
equal to or higher than 2 kHz, including no harmonic compo 
nent. As illustrated in FIG. 19, the notification sound has a 
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belt-like frequency distribution in which the frequency is not 
constant and quickly changes. 
0227. To detect such a specific notification sound, it is 
determined whether there is a frequency component continu 
ously having peak characteristic at a high band and having no 
component serving as a fundamental frequency at a low band. 
Thus, the lowest-band peak frequency analyzing unit 604 
determines whether the lowest-band peak spectrum is equal 
to or higher than 2 kHz to detect a notification sound. 
0228 If the result of determination made at Step S7005 
indicates that a lowest-band peak spectrum having a fre 
quency of equal to or higher than 2 kHZ is present, it is 
determined whether the lowest-band peak spectrum persists 
(Step S7006). Specifically, ifa predetermined bandwidth cen 
tered at the lowest-band peak spectrum contains the lowest 
band peak spectrum obtained by Subsequent frequency con 
version, the persistence determining unit 605 determines that 
the lowest-band peak spectrum persists. Thus, the persistence 
determining unit 605 can determine whether a peak spectrum 
of equal to or higher than 2 kHZ having no harmonic compo 
nent is continuously extracted by comparing the peak spec 
trum with peak spectral information obtained in the previous 
frequency conversion. 
0229. The operating mode determining unit 606 deter 
mines whether the lowest-band peak spectrum determined to 
be equal to or higher than the predetermined frequency by the 
lowest-band peak frequency analyzing unit 604 persists for a 
predetermined period or longer (Step S7007). If the determi 
nation result indicates that the lowest-band peak spectrum 
persists, the operating mode determining unit 606 determines 
to cause the noise-signal Suppressing unit 607 to Suppress the 
noise signal. Based on the determination made by the oper 
ating mode determining unit 606, the noise signal is Sup 
pressed (Step S7008). Subsequently, the frequency/time con 
verting unit 608 performs inverse conversion, thereby 
generating a voice signal (Step S7009). The generated voice 
signal is output from the output unit 609. 
0230. This configuration can appropriately suppress the 
notification Sound having intense power as a special noise 
signal. While the explanation has been made of the Suppres 
sion processing of a special noise signal alone, it is possible to 
introduce the Suppressing device of a special noise signal into 
a device that Suppresses a noise signal in the frequency 
domain as typified by the conventional spectral Subtraction 
method. This combination can provide a special-noise-signal 
Suppressing device also having the conventional noise-signal 
Suppression effects. This makes it possible to provide a noise 
Suppressing device that can reduce ambient noise together 
with a notification Sound. The notification Sound Suppressing 
device may use a frequency conversion method as typified by 
fast Fourier transform (FFT) and discrete cosine transform 
(DCT) as in the present embodiment. Alternatively, the noti 
fication Sound Suppressing device may use a frequency divi 
sion method with a multistage filter structure. Such as a finite 
impulse response (FIR) filterand an infinite impulse response 
(IIR) filter. 
0231. In the description above, the noise-signal suppress 
ing unit 607 performs the Suppression processing using the 
peak spectrum signal extracted by the peak extracting unit 
603 in the same manner as in the embodiments above. The 
present embodiment is not limited thereto, and a peak spec 
trum determining unit 610 may be provided as illustrated in 
FIG 22. 
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0232. In FIG.22, the peak spectrum determining unit 610 
registers the lowest-band frequency and the highest-band fre 
quency of the peak spectrum extracted by the peak extracting 
unit 603. More specifically, the peak spectrum determining 
unit 610 registers the frequency of the lowest-band peak 
spectrum determined to be equal to or higher than 2 kHz by 
the lowest-band peak frequency analyzing unit 604 as the 
lowest-band frequency, and registers the frequency of the 
highest-band peak spectrum as the highest-band frequency. 
0233. When suppressing noise based on the determination 
made by the operating mode determining unit 606, the noise 
signal Suppressing unit 607 Suppresses all the spectra in the 
band between the lowest-band frequency and the highest 
band frequency registered by the peak spectrum determining 
unit 610 as a noise signal. 
0234. Because the notification sound to be suppressed has 
a frequency that quickly changes as illustrated in the spectro 
gram chart in FIG. 19, the Suppression processing is per 
formed more effectively in a wide band than in units of 
spectra. Because most of the components of a speech signal 
are present below 2 kHz, the Suppression processing affects 
essential components of the speechina limited way. Thus, the 
band to be suppressed is set to all the spectra in the band 
between the lowest-band peak spectrum and the highest-band 
peak spectrum based on the extraction result of the peak 
spectrum. Limiting the band to be suppressed to the band 
having an intense spectrum can minimize the influence on the 
speech. In the case of the notification sound illustrated in FIG. 
19, for example, the suppression effect is exerted not on an 
entire band of 2 kHz, but on the band between the upper limit 
and the lower limit of the thick stripe patterns. This allows a 
word, Such as a consonant, having energy components dis 
tributed unevenly in a high band in the speech signal to be 
only partially damaged, thereby making the speech quality 
more likely to be maintained. 
0235 A sound having the lowest-band peak frequency of 
2 kHz is assumed to be a sound having no harmonic structure 
(an artificial notification Sound). By detecting that such an 
artificial intense high-frequency component persists, it is pos 
sible to suppress the entire high-frequency component. 
0236 While the explanation has been made of the noise 
signal Suppressing device, principles similar to those 
described above are also applicable to a device for detecting 
a notification Sound (notification-sound detecting device). 
FIG. 23 is a block diagram of the configuration of a notifica 
tion-sound detecting device 700. The notification-sound 
detecting device 700 includes a sound collecting unit 701, a 
time? frequency converting unit 702, a peak extracting unit 
703, a lowest-band peak frequency analyzing unit 704, a 
persistence determining unit 705, and a notification-sound 
detecting unit 706. Because units from the sound collecting 
unit 701 to the persistence determining unit 705 are substan 
tially identical to the units from the sound collecting unit 601 
to the persistence determining unit 605 respectively illus 
trated in FIG. 20, an explanation thereof will be partially 
omitted. 
0237. The lowest-band peak frequency analyzing unit 704 
determines whether the lowest-band peak spectrum out of the 
peak spectra extracted by the peak extracting unit 703 is equal 
to or higher than a predetermined frequency. The predeter 
mined frequency is preferably set to 2 kHz or a value approxi 
mate thereto. 
0238. The persistence determining unit 705 determines 
whether the lowest-band peak spectrum, determined to be 
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equal to or higher than the predetermined frequency by the 
lowest-band peak frequency analyzing unit 704, persists. If a 
predetermined bandwidth centered at the lowest-band peak 
spectrum determined to be equal to or higher than the prede 
termined frequency (2 kHz in the present embodiment) by the 
lowest-band peak frequency analyzing unit 704 contains the 
lowest-band peak spectrum obtained by Subsequent fre 
quency conversion, the persistence determining unit 705 
determines that the lowest-band peak spectrum persists. 
0239. The persistence determining unit 705 does not nec 
essarily determine that the lowest-band peak spectrum per 
sists when the predetermined bandwidth centered at the low 
est-band peak spectrum determined to be equal to or higher 
than the predetermined frequency by the lowest-band peak 
frequency analyzing unit 704 contains the lowest-band peak 
spectrum obtained by the Subsequent frequency conversion. 
Alternatively, the persistence determining unit 705 may 
determine that the lowest-band peak spectrum persists when 
the lowest-band peak spectrum obtained by the Subsequent 
frequency conversion is presentataband of equal to or higher 
than the predetermined frequency. 
0240. If the lowest-band peak spectrum determined to be 
equal to or higher than the predetermined frequency by the 
lowest-band peak frequency analyzing unit 704 persists for a 
predetermined period or longer, the notification-sound 
detecting unit 706 determines that the lowest-band peak spec 
trum is caused by a notification sound and detects the notifi 
cation sound. If the notification-sound detecting unit 706 
detects the notification sound, the notification-sound detect 
ing unit 706 outputs notification sound detection information 
indicating that the notification Sound is detected to a trans 
mitting unit 708. 
0241 The notification-sound detecting device 700 further 
includes an identification (ID) storage unit 707 and the trans 
mitting unit 708. The ID storage unit 707 stores therein an ID 
that identifies a device or a user. The transmitting unit 708 
transmits, when a notification Sound is detected by the noti 
fication-sound detecting unit 706, the ID and the notification 
Sound detection information indicating that the notification 
sound is detected to the outside. 
0242 FIG. 24 is a flowchart of an operation of the notifi 
cation-sound detecting device 700. Because processing at 
Step S8001 to Step S8006 is substantially the same as the 
processing at Step S7001 to Step S7006 described with ref 
erence to FIG. 21, an explanation thereof will be omitted. 
0243 Based on the result of determination made by the 
persistence determining unit 705 at Step S8006, the notifica 
tion-sound detecting unit 706 determines whether the lowest 
band peak spectrum determined to be equal to or higher than 
the predetermined frequency by the lowest-band peak fre 
quency analyzing unit 704 persists for the predetermined 
period or longer (Step S8007). If the lowest-band peak spec 
trum persists for the predetermined period or longer, the 
notification-sound detecting unit 706 determines that a noti 
fication Sound is ringing and reads an ID serving as identifi 
cation information uniquely identifying a terminal (a device) 
or a user from the ID storage unit 707 (Step S8008). 
0244. The transmitting unit 708 transmits notification 
Sound detection information indicating that the notification 
Sound is detected to the outside in a manner associated with 
the read ID (Step S8009). 
0245. In the case in which an ID is added to speech infor 
mation when speech is transmitted and the notification sound 
detection information is transmitted together with the speech 
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information, the ID is not necessarily read again to be trans 
mitted to the outside. In this case, the system control may skip 
Step S8008 and, if it is determined that the lowest-band peak 
spectrum persists for the predetermined period or longer at 
Step S8007, go to Step S8009. When the speech information 
is transmitted to the destination of the speech, for example, 
the ID is not necessarily added to the speech information. The 
ID may be an identification number allocated to each com 
munication device. 
0246 The notification-sound detecting unit 706 may 
determine the type of the detected notification sound. The 
transmitting unit 708 may transmit the type of the notification 
Sound determined by the notification-sound detecting unit 
706 in a manner associated with the ID. 
0247 The notification sound caused by a spectrum of 
equal to or higher than 2 kHz, detected by the notification 
sound detecting unit 706 is used for a life-support system, for 
example. The notification-sound detecting device 700 deter 
mines that the life-support system is operating and transmits 
the fact together with the ID associated with the terminal to a 
communication partner, thereby enabling a third party to take 
an appropriate response. The notification Sound detection 
information may be transmitted to a destination determined in 
advance. 

Fifth Embodiment 

0248. A noise-signal Suppressing device according to a 
fifth embodiment Switches the operating modes by increasing 
and decreasing the persistence point similarly to the noise 
signal Suppressing device according to the third embodiment. 
The noise-signal Suppressing device and a notification-sound 
detecting device according to the fifth embodiment are 
described with reference to the block diagrams in FIG.22 and 
FIG. 23. 
0249. In the noise-signal Suppressing device and the noti 
fication-sound detecting device according to the fifth embodi 
ment, a persistence determining unit 605 and a persistence 
determining unit 705 further manage a set value to increase 
when each of the lowest-band peak spectra is determined to 
persist, and to decrease when each of the lowest-band peak 
spectra is determined not to persist. The noise-signal Sup 
pressing device 600 switches the operating modes based on 
whether the set value exceeds a predetermined threshold. 
0250 In the notification-sound detecting device 700, a 
notification-sound detecting unit 706 detects a notification 
sound when the set value exceeds a predetermined threshold. 
If a peak extracting unit 703 detects no peak spectrum or if a 
lowest-band peak frequency analyzing unit 704 determines 
that the lowest-band peak spectrum is not equal to or higher 
than a predetermined frequency, the persistence determining 
unit 705 decreases the set value. 
0251 FIG. 25 is a flowchart of an operation of the noise 
signal Suppressing device according to the fifth embodiment. 
A Sound collecting unit 601 collects speech and outputs a 
sound signal in the time domain (Step S9001). A time/fre 
quency converting unit 602 converts the input Sound signal 
into a frequency signal in the frequency domain (Step S9002). 
0252) A peak extracting unit 603 calculates an energy 
amount (a sound pressure level) of a sample group formed of 
a plurality of samples serving as a unit of processing and 
determines whether the energy amount exceeds a predeter 
mined energy amount (Step S9003). This processing is per 
formed to determine whether a target Sound signal in a Voice 
coding process is affected by noise based on the energy of the 
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input signal. Special noise included in the input signal, that is, 
a noise signal of a notification Sound having a low Sound 
pressure level slightly affects the Sound signal in the Voice 
coding, and a sufficient speech quality is maintained. Thus, 
the Suppression processing simply needs to be performed 
only when an excessively large notification sound is present. 
The peak extracting unit 603 determines whether the sound 
pressure level of the input signal is equal to or higher than 80 
dB. If the sound pressure level is equal to or higher than 80 
dB, Suppression processing of the special noise signal is 
performed (no suppression processing may possibly be per 
formed in the end). If the sound pressure level is lower than 80 
dB, a minus value is given to the persistence point serving as 
the set value relating to the determination of persistence for 
determining whether to perform the Suppression processing 
on the special noise component (Step S9009). The calculation 
of the energy amount may be made either before or after the 
frequency conversion. 
0253) The peak extracting unit 603 extracts a peak spec 
trum (Step S9004). The peak extracting unit 603 determines 
whether a peak spectrum extracted at Step S9004 is present 
(Step S9005). If no peak spectrum is present (No at Step 
S9005), a minus value is given to the persistence point (Step 
S9009). By contrast, if a peak spectrum is present (Yes at Step 
S9005), the lowest-band peak frequency analyzing unit 704 
determines whether the lowest-band peak spectrum out of the 
extracted peak spectra is equal to or higher than 2 kHz, which 
is a reference value (Step S9006). If the determination result 
indicates that the lowest-band peak spectrum is equal to or 
lower than 2 kHz, a minus value is given to the persistence 
point (Step S9009). By contrast, if the lowest-band peak 
spectrum is equal to or higher than 2 kHz, a comparison is 
made between the current and previous lowest-band peak 
spectra, thereby determining whether the peak spectrum per 
sists (Step S9007). If the peak spectrum does not persist, a 
minus value is given to the persistence point (Step S9009). By 
contrast, if the peak spectrum persists, a plus value is given to 
the persistence point (Step S9008). An operating mode deter 
mining unit 606 determines whether the persistence point is 
equal to or larger than a predetermined threshold (Step 
S9010). If the persistence point is equal to or smaller than the 
predetermined threshold, the operating mode determining 
unit 606 Switches the operating mode to the normal mode to 
perform no noise suppression processing (Step S9011). By 
contrast, if the persistence point is equal to or larger than the 
predetermined threshold, it is determined that a notification 
sound is ringing and an ID is read from an ID storage unit 707 
(Step S9012). Notification sound information indicating that 
the notification sound is detected is transmitted to the outside 
in a manner associated with the ID (Step S9013). The oper 
ating mode determining unit 606 Switches the operating mode 
to the special signal suppression mode (Step S9014). Spectral 
information on the spectra between the lowest-band fre 
quency and the highest-band frequency registered by a peak 
spectrum determining unit 610 is transmitted to a noise-signal 
suppressing unit 607 (Step S9015). The noise-signal Sup 
pressing unit 607 determines the range described above to be 
the specified spectra to perform noise Suppression processing 
(Step S9016). Finally, frequency/time conversion is per 
formed, and a sound signal is output (Step S9017). Thus, the 
noise-signal Suppressing device 600 and the notification 
sound detecting device 700 can suppress the notification 
Sound to improve the speech quality and can notify the recipi 
ent of the Sound signal of the presence of the notification 
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Sound. This enables transmission of both the Voice signal and 
emergency information (presence of the notification sound), 
which are required information. 
0254 The following describes a noise-signal Suppressing 
device that combines the determination processing based on 
the lowest-band peak and the determination processing based 
on the independence. The device Suppresses a noise signal by 
Switching three operating modes. The device performs the 
determination processing based on the lowest-band peak to 
detect a notification Sound and performs the determination 
processing based on the independence mainly to detect a 
warning Sound. 
0255 Examples of the notification sound include a notifi 
cation sound composed of high-frequency components (per 
sonal alert safety system (PASS) alarms) and PASS alarms 
used for a life-support diagnosis and notification of a residual 
amount of an oxygen cylinder. Examples of the warning 
Sound include an artificial tone signal composed of harmonic 
components such as a siren Sound and a high-pitched engine 
Sound, which are long periodic noise. 
0256. It is determined whether an extracted peak is present 
(Step S11). If no peak is extracted, the operating mode is set 
to a normal mode (Step S16). By contrast, if a peak is 
extracted, it is determined whether the lowest-band peak 
spectrum out of the extracted peaks is equal to or higher than 
2 kHz (Step S12). If the lowest-band peak spectrum is equal 
to or higher than 2 kHz, the operating mode is Switched to a 
notification sound detection mode (Step S14). By contrast, if 
the lowest-band peak spectrum is equal to or lower than 2 
kHZ, it is determined whether an independent peak spectrum 
is present (Step S13). If an independent peak spectrum is 
present, the operating mode is Switched to a warning Sound 
detection mode (Step S15). By contrast, if no independent 
peak spectrum is present, the operating mode is Switched to 
the normal mode (Step S16). 
0257. After the determination processing is performed and 
any one of the operating modes is set, the persistence of the 
operating mode is determined by determining whether the set 
operating mode is the same as that in the current frame (Step 
S17). If each of the operating modes does not persist, a minus 
value is given to the persistence point (Step S20). By contrast, 
if each of the operating modes persists, the persistence of a 
peak spectrum is determined for each of the operating modes 
(Step S18). Ifa peak spectrumpersists in each of the operating 
modes, a plus value is given to the persistence point (Step 
S19). If no peak spectrum persists, a minus value is given to 
the persistence point (Step S20). 
0258. It is determined whether the persistence point is 
equal to or larger than a predetermined number (Step S21). If 
the determination result indicates that the persistence point is 
equal to or Smaller than the predetermined value, the operat 
ing mode is switched to the normal mode (Step S23). If the 
persistence point is equal to or larger than the predetermined 
value, the previous operating mode, which is a detection 
mode used in the previous processing block, continues (Step 
S22). 
0259. As described above, the notification-sound detect 
ing device (special-signal detecting device) that detects both 
a notification sound and a warning sound includes a peak 
independence determining unit at the Subsequent stage of a 
lowest-band peak frequency analyzing unit. If the lowest 
band peak frequency analyzing unit determines that the low 
est-band peak spectrum out of the peak spectra extracted by a 
peak extracting unit is not equal to or higher than the prede 
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termined frequency, the peak independence determining unit 
determines whether the extracted peak spectrum maintains a 
frequency interval of equal to or larger than a predetermined 
value with respect to a peak spectrum adjacent thereto. A 
persistence determining unit makes a second determination 
for determining whether the peak spectrum persists, which 
the peak spectrum is determined to maintain a frequency 
interval of equal to or larger than the predetermined value 
with respect to the peak spectrum adjacent thereto by the peak 
independence determining unit. Based on the result of the 
second determination made by the persistence determining 
unit, a notification-sound detecting unit detects a warning 
sound. With this configuration, the notification-sound detect 
ing device can preferentially detect a notification Sound and 
also detect a warning Sound having a peak spectrum in a 
low-frequency range compared with the notification Sound. 
0260. As described in the embodiments above, the present 
embodiments consider that noise reduction processing 
needed for mobile communications requires various ele 
ments, such as a low-delay signal analysis, immediate respon 
siveness (instantaneous effectiveness of noise reduction 
effects), reduction performance of noise including ambient 
noise, and low power consumption, and provides methods for 
satisfying these requirements. A conventional method for 
detecting and Suppressing a warning Sound, Such as a siren 
Sound, of a special signal needs to carry out a harmonic 
analysis and a pattern analysis with a reference buffer to 
derive a fundamental frequency of the warning sound and 
detect the special noise signal. The conventional method 
requires a processing time for the analysis. To carry out a 
harmonic analysis, determination of harmonics, and a pattern 
analysis, complicated signal processing is required, resulting 
in reduction in the convenience and an increased circuit scale. 
Furthermore, it is necessary to consider an influence of com 
ponents, such as speech and an ambient noise signal, other 
than the warning sound to be Suppressed. The present 
embodiments appropriately address the disadvantages 
described above. 

0261) If a siren Sound, a notification Sound, an engine 
Sound, and the like at an extremely high Sound pressure level 
are mixed in coding of a sound signal, the coding quality of 
the Sound signal deteriorates significantly. This is because 
while the highly efficient coding can be performed by the 
modeling of vibrations of a Vocal tract, which is a character 
istic of speech, it is difficult to distinguish a tone signal from 
a speech signal. Because a speech signal and a noise signal are 
hard to be distinguished, a certain amount of information is 
allocated to the noise signal, thereby deteriorating the speech 
quality. To detect the special signal, the conventional method 
requires an analysis time of several seconds and complicated 
signal processing, such as a harmonic analysis and a pattern 
analysis with a reference buffer, resulting in reduction in the 
convenience. Because it is difficult to distinguish the special 
signal from a speech signal, mixture of a speech signal dete 
riorates the detection performance for the special signal. This 
causes the speech signal to be erroneously detected as the 
special signal, thereby removing the speech signal (errone 
ously suppressing the speech). 
0262. In the Voice coding method, protecting frequency 
components near a fundamental frequency, which are major 
components, may possibly restore a high-band component in 
the process of coding and decoding. By Suppressing several 
intense noise spectra present in a mid-high-band (approxi 
mately equal to or higher than 400 Hz), which are non-major 
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components, it is possible to significantly improve the Voice 
coding quality. Even if a special noise (e.g., a siren Sound) can 
be suppressed not completely but to some extent with a 
simple way, the Suppression effects are Sufficiently exerted 
depending on uses (e.g., a communication device employing 
a low-rate Voice coding method). 
0263. An aspect of the embodiments converts a speech 
input signal into a frequency domain signal and then extracts 
an independent spectrum having extremely high energy com 
pared with the whole sound Volume and spectra in an adjacent 
frequency band. This eliminates the possibility of erroneous 
extraction of a speech signal spectrum as a peak spectrum to 
be removed. By excluding spectrum signals of 100 to 400 Hz, 
which is a fundamental frequency of speech, in terms of 
independence (proximity of peak spectra), the aspect can 
distinguisha speech signal from a special signal (atone signal 
of approximately equal to or higher than 400 Hz). This makes 
it possible to extract special spectra (high-band components) 
to Some extent with no determination of harmonics or no 
pattern analysis (even if some of the special spectra are left, a 
serious influence thereof on speech coding is reduced). 
0264. An aspect of the embodiments limits a spectrum 
focused on as a special noise signal to the lowest-band peak 
spectrum out of the peak spectra, thereby reducing the pro 
cessing load of persistence determination for determining the 
persistence. Only one point of the frequency needs to be 
focused on. The aspect sets a predetermined threshold for a 
persistence counting number and observes the persistence in 
a long term. Thus, even if the lowest-band peak spectrum 
moves because of Some causes (e.g., mixture of speech), 
mixture of a special noise signal occurs only in a short time or 
spectra not to be detected are limited to low-band spectra 
(high-band spectra are determined to be special noise, and are 
detected and reduced). 
0265 An aspect of the embodiments observes the persis 
tence of a peak spectrum signal including no speech signal. 
Thus, the aspect can quickly Switch to the Suppression oper 
ating mode to suppress an excessively large specific signal 
that hinders Voice coding by detecting the persistence in a 
predetermined time (one second or shorter is sufficient) with 
no analysis of a harmonic structure or no pattern analysis of a 
special signal having a long periodicity (the analysis usually 
takes approximately five seconds, that is, at least a time of one 
pattern in the case of a siren Sound). The aspect observes the 
persistence by giving a plus value when the persistence of the 
lowest-band peak spectrum is detected and giving a minus 
value when no persistence thereof is detected. The aspect 
observes the persistence while avoiding an influence of a 
speech signal (exclusion of a non-independent peak spectrum 
not clearly distinguished from the speech signal). By expand 
ing the observation range (approximately 50 to 100 Hz, which 
depends on frequency resolving duration) to a predetermined 
bandwidth centered at the lowest-band peak spectrum, the 
aspect can follow special noise whose frequency changes. 
0266. An aspect of the embodiments detects the presence 
ofan intense frequency component in aband exceeding 2 kHz 
in 8-kHz, sampling (whose effective band is 0 to 4 kHz) 
typically used in digitalization of a speech signal and then 
detects the persistence of the frequency component, thereby 
determining that an artificial notification Sound is likely to be 
input. Thus, the aspect Switches to the Suppression operating 
mode. Because a peak is presentina band of equal to or higher 
than 2 kHz, it is assumed that the detected peak is not a peak 
corresponding to harmonics but a fundamental frequency of a 
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special signal (artificial notification Sound). By detecting the 
presence of a peak at 2 kHz and observing the persistence 
thereof, the aspect can determine whethera notification sound 
is present with no harmonic analysis, no pattern analysis, or 
no determination of harmonics. The aspect estimates the dis 
tribution of an intense high-band component that hinders 
speech coding from the lower limit and the upper limit of the 
extracted peak and Suppresses the entire frequency between 
the lower limit and the upper limit. While the suppression of 
the high-band components in a wide range changes the Sound 
quality, the aspect can effectively maintain mid-low band 
components, which are essential elements of speech to 
achieve mutual understanding. 
0267. While the threshold used to detect the lowest-band 
peak spectrum is set to 2 kHz in the description above, the 
present embodiment is not limited thereto. The threshold may 
be set to a frequency lower than the notification Sound and 
higher than the speech. The lowest-band peak frequency ana 
lyzing unit determines whether the lowest-band peak spec 
trum out of a plurality of peak spectra extracted by the peak 
extracting unit at the previous stage has a frequency higher 
than the threshold. 

0268. Obviously, the first to the fifth embodiments may be 
combined. The device and the method for Suppressing a noise 
signal, the device and the method for detecting a special 
signal, and the device and the method for detecting a notifi 
cation Sound according to the embodiments are applicable to 
communication devices or external microphones of the com 
munication devices, for example. 
0269. The present invention is not limited to the embodi 
ments above, and various changes may be made without 
departing from the spirit and scope of the invention. The 
processing described above may be performed by a computer 
program Stored in a read only memory (ROM) of a main 
processor, for example. In the embodiments above, the com 
puter program including an instruction group that causes a 
computer (processor) to perform the processing may be 
stored in various types of a non-transitory computer-readable 
medium and Supplied to the computer. The non-transitory 
computer-readable medium includes various types of a tan 
gible storage medium. Examples of the non-transitory com 
puter-readable medium include a magnetic recording 
medium (e.g., a flexible disk, a magnetic tape, and a hard disk 
drive), a magneto-optical recording medium (e.g., a magneto 
optical disc), a compact disc read only memory (CD-ROM), 
a compact disc recordable (CD-R), a compact disc record 
able/rewritable (CD-R/W), and a semiconductor memory 
(e.g., a mask ROM, a programmable ROM (PROM), an eras 
able PROM (EPROM), a flash ROM, and a random access 
memory (RAM)). The computer program may be stored in 
various types of a transitory computer-readable medium and 
Supplied to the computer. Examples of the transitory com 
puter-readable medium include an electrical signal, an optical 
signal, and an electromagnetic wave. The transitory com 
puter-readable medium can Supply the computer program to 
the computer via a wired communication path, such as an 
electric wire and an optical fiber, or a wireless communication 
path. 
0270. According to the embodiments, provided is a device 
and method for detecting a special signal that detect the 
presence of a special signal in a short time with a smaller 
amount of memory and operation without being restricted by 
the type of a warning Sound and use conditions. Further, 
provided is the device and method for Suppressing a noise 
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signal according to the embodiments that estimates the pres 
ence of a special noise signal in a short time with a smaller 
amount of memory and operation without being restricted by 
the type of a warning Sound and use conditions, and Sup 
presses a noise signal component. 
0271 Provided is a device and a method for detecting a 
notification Sound that detects the presence of a notification 
Sound in a short time with a smaller amount of memory and 
operation without being restricted by the type of the notifica 
tion sound and use conditions. The device and method for 
Suppressing a noise signal according to the embodiments 
estimates the presence of a notification Sound in a short time 
with a smaller amount of memory and operation without 
being restricted by the type of a notification Sound and use 
conditions, and Suppresses a noise signal component. 
0272 Although the invention has been described with 
respect to specific embodiments for a complete and clear 
disclosure, the appended claims are not to be thus limited but 
are to be construed as embodying all modifications and alter 
native constructions that may occur to one skilled in the art 
that fairly fall within the basic teaching herein set forth. 
What is claimed is: 
1. A noise signal Suppressing device comprising: 
an input unit configured to receive a Sound signal; 
a time/frequency converting unit configured to convert the 

Sound signal in a time domain into a frequency signal in 
a frequency domain; 

an independent peak spectrum extracting unit configured 
to extract a peak spectrum having independence from 
the frequency signal that is converted; 

a persistence determining unit configured to determine, 
when a predetermined bandwidth, which is centered at a 
lowest-band peak spectrum out of peak spectra having 
independence extracted by the independent peak spec 
trum extracting unit, contains a lowest-band peak spec 
trum obtained by Subsequent frequency conversion, that 
the peak spectrum having independence persists for a 
predetermined period or longer, 

an operating mode determining unit configured to deter 
mine whether to Suppress a noise signal by a noise 
signal Suppressing unit; and 

a noise-signal Suppressing unit configured to Suppress, 
based on determination made by the operating mode 
determining unit, when the persistence determining unit 
determines that the peak spectrum persists for the pre 
determined period or longer, the peak spectrum having 
independence extracted by the independent peak spec 
trum extracting unit as the noise signal, wherein 

the independent peak spectrum extracting unit comprises: 
a first peak extracting unit configured to extract a peak 

spectrum having higher energy than that of an adja 
cent frequency signal, and 

a second peak extracting unit configured to extract a 
peak spectrum maintaining a frequency interval of 
equal to or larger than a predetermined value with 
respect to a peak spectrum adjacent thereto from the 
peak spectrum extracted by the first peak extracting 
unit as the peak spectrum having independence. 

2. The noise signal Suppressing device according to claim 
1, further comprising: 

a set value managing unit configured to 
increase a set value, when the peak spectrum having 

independence extracted by the independent peak 
spectrum extracting unit persists and 
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decrease the set value, when the peak spectrum having 
independence does not persist, wherein 

the operating mode determining unit determines whether 
or not to suppress the noise signal by the noise-signal 
Suppressing unit based on whether or not the set value 
exceeds a predetermined threshold. 

3. The noise signal Suppressing device according to claim 
1, wherein 

the noise-signal Suppressing unit Suppresses the noise sig 
nal based on the peak spectrum extracted by the inde 
pendent peak spectrum extracting unit from the fre 
quency signal that are converted by the time/frequency 
converting unit. 

4. A noise signal Suppressing method comprising: 
converting an input sound signal in a time domain into a 

frequency signal in a frequency domain; 
extracting a peak spectrum having independence from the 

frequency signal that is converted; 
determining, when a predetermined bandwidth, which is 

centered at a lowest-band peak spectrum out of peak 
spectra having independence extracted at the extracting 
of a peak spectrum having independence, contains a 
lowest-band peak spectrum obtained by Subsequent fre 
quency conversion, that the peak spectrum having inde 
pendence persists for a predetermined period or longer; 

determining whether or not to Suppress a noise signal; and 
Suppressing, based on determination made at the determin 

ing of whether or not to Suppress a noise signal, when it 
is determined that the peak spectrum persists for the 
predetermined period or longer at the determining of 
whether the peak spectrum having independence per 
sists, the peak spectrum having independence extracted 
at the extracting of a peak spectrum having indepen 
dence as a noise signal, wherein 

the extracting of a peak spectrum having independence 
comprises: 
first extracting a peak spectrum having higher energy 

than that of an adjacent frequency signal, and 
second extracting a peak spectrum maintaining a fre 

quency interval of equal to or larger than a predeter 
mined value with respect to a peak spectrum adjacent 
thereto from the peak spectrum extracted at the first 
extracting as the peak spectrum having independence. 

5. A notification Sound detecting device comprising: 
an input unit configured to receive a Sound signal; 
a time/frequency converting unit configured to convert the 

Sound signal in a time domain into a frequency signal in 
a frequency domain; 

a peak extracting unit configured to extract a peak spectrum 
having higher energy than that of an adjacent frequency 
signal from the frequency signal that is converted by the 
time? frequency converting unit; 

a lowest-band peak frequency analyzing unit configured to 
determine whether a lowest-band peak spectrum, out of 
the peak spectrum extracted by the peak extracting unit, 
is equal to or higher than a predetermined frequency; 

a persistence determining unit configured to determine 
whether the lowest-band peak spectrum, determined to 
be equal to or higher than the predetermined frequency 
by the lowest-band peak frequency analyzing unit, per 
sists; and 

a notification-sound detecting unit configured to detect a 
notification Sound based on a result of determination 
made by the persistence determining unit. 
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6. The notification Sound detecting device according to 
claim 5, wherein 
when a predetermined bandwidth, which is centered at the 

lowest-band peak spectrum determined to be equal to or 
higher than the predetermined frequency by the lowest 
band peak frequency analyzing unit, contains a lowest 
band peak spectrum obtained by Subsequent frequency 
conversion, the persistence determining unit determines 
that the lowest-band peak spectrum persists. 

7. The notification sound detecting device according to 
claim 5, wherein 

the persistence determining unit 
increases a set value when the lowest-band peak spec 

trum is determined to persist and 
decreases the set value when the lowest-band peak spec 

trum is determined not to persist, and 
the notification-sound detecting unit detects the notifica 

tion Sound when the set value exceeds a predetermined 
threshold. 

8. The notification sound detecting device according to 
claim 5, wherein 
when the peak extracting unit extracts no peak spectrum or 
when the lowest-band peak frequency analyzing unit 
determines that the lowest-band peak spectrum is not 
equal to or higher than the predetermined frequency, the 
persistence determining unit decreases the set value. 

9. The notification sound detecting device according to 
claim 5, further comprising: 

a peak independence determining unit configured to deter 
mine, when the lowest-band peak frequency analyzing 
unit determines that the lowest-band peak spectrum out 
of the peak spectra extracted by the peak extracting unit 
is not equal to or higher than the predetermined fre 
quency, whether the extracted peak spectrum maintains 
a frequency interval of equal to or larger than a prede 
termined value with respect to a peak spectrum adjacent 
thereto, 

wherein 
the persistence determining unit makes a second determi 

nation of whether the peak spectrum, which is deter 
mined to maintain the frequency interval of equal to or 
larger than the predetermined value with respect to the 
peak spectrum adjacent thereto by the peak indepen 
dence determining unit, persists, and 

the notification-sound detecting unit detects a warning 
Sound based on a result of the second determination 
made by the persistence determining unit. 

10. A notification Sound detecting method comprising: 
converting an input sound signal in a time domain into a 

frequency signal in a frequency domain; 
extracting a peak spectrum having higher energy than that 

of an adjacent frequency signal from the frequency sig 
nal converted at the converting: 

determining whether a lowest-band peak spectrum out of 
the peak spectrum extracted at the extracting is equal to 
or higher than a predetermined frequency; 

determining whether the lowest-band peak spectrum, 
which is determined to be equal to or higher than the 
predetermined frequency at the determining of whether 
a lowest-band peak spectrum is equal to or higher than a 
predetermined frequency, persists; and 

detecting a notification Sound based on a result of determi 
nation made at the determining of whether the lowest 
band peak spectrum persists. 
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11. A noise signal Suppressing device comprising: 
an input unit configured to receive a Sound signal; 
a time/frequency converting unit configured to convert the 

Sound signal in a time domain into a frequency signal in 
a frequency domain; 

a peak extracting unit configured to extract a peak spectrum 
having higher energy than that of an adjacent frequency 
signal from the frequency signal that is converted by the 
time? frequency converting unit; 

a lowest-band peak frequency analyzing unit configured to 
determine whether a lowest-band peak spectrum out of 
the peak spectrum extracted by the peak extracting unit 
is equal to or higher than a predetermined frequency; 

a persistence determining unit configured to determine 
whether the lowest-band peak spectrum, which is deter 
mined to be equal to or higher than the predetermined 
frequency by the lowest-band peak frequency analyzing 
unit, persists; 

an operating mode determining unit configured to deter 
mine whether or not to suppress a noise signal based on 
a result of determination made by the persistence deter 
mining unit; and 

a noise-signal Suppressing unit configured to suppress the 
noise signal based on determination made by the oper 
ating mode determining unit. 

12. The noise signal Suppressing device according to claim 
11, further comprising: 
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a peak spectrum determining unit configured to register a 
lowest-band frequency and a highest-band frequency of 
the peak spectrum extracted by the peak extracting unit, 
wherein 

the noise-signal Suppressing unit Suppresses all spectra in a 
band between the lowest-band frequency and the high 
est-band frequency which are registered by the peak 
spectrum determining unit as a noise signal. 

13. A noise signal Suppressing method comprising: 
converting an input sound signal in a time domain into a 

frequency signal in a frequency domain; 
extracting a peak spectrum having higher energy than that 

of an adjacent frequency signal from the frequency sig 
nal converted at the converting: 

determining whether a lowest-band peak spectrum out of 
the peak spectrum extracted at the extracting is equal to 
or higher than a predetermined frequency; 

determining whether the lowest-band peak spectrum, 
which is determined to be equal to or higher than the 
predetermined frequency at the determining, persists; 

determining operation mode whether or not to Suppress a 
noise signal based on a result of determination made at 
the determining of whether the lowest-band peak spec 
trum persists; and 

Suppressing the noise signal based on the determination at 
the determining operation mode whether or not to Sup 
press a noise signal. 
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