
EP 0 442 342 B1 Description 4. Field of the Invention 5      The present
invention relates to a voice signal processing device capable of detecting
a vowel I a conso- nant from a  voice signal. 2. Description of the Related
Art 10      Fig. I Is a block diagram of a prior art signal processing
device. The numeral 11 Indicates a filter control section into which a
signal containing a noise, is inputted and which detects the signal or the
noise, the numeral 12 does a BPF group having numerous band-pass filters,
and the numeral 13 does an adder. That is, the filter control section 11
controls a filter coefficient of the BPF group in response to the noise or
signal of an input signal, and the BPF group 12 Is band-pass filters
configured in a manner to divide the input signal into proper 15  bands and
determine the pass band characteristic by a control signal from the filter
control section 11. The operation of the prior art signal processing device
configured as described above will be explained hereinafter. An input
signal in which a voice is superimposed by a noise is supplied to the
filter control section 11. The filter control section 11 determines from
the supplied signal a noise component corresponding to each band 20  of the
BPF group 12, and supplies a filter coefficient which allows the noise
component not to pass through the BPF group 12 to the BPF group 12. The BPF
group 12 divides the input signal into proper bands, allows the input
signal to pass through as appropriate by utilizing the filter coefficient
inputted from the filter control section 11 for each band, and sup- plies
the signal to the adder 13. The adder 13 mixes signals divided by the BPF
group 12 Into proper bands to 25  obtain an output With the above
operation, the pass level of noise-contained bands of the input signal is
decreased by the BPF group 12. As a result, a signal having an
attenuated-noise component is obtained. However, the numerousness of noise
is not always coincident with articulation and accordingly, a prior art
signal processing device has a problem that a noise can be held down, but
the articulation is not improved. 30      A signal processing device and
method according to the preambles of claims 1 and 5, respectively, are
known from AM Noll., "Cepstrum Pitch Determination", J. Acoust.Soc.Am. 41
(1966), p. 293-309. Summary of the Invention 35      The present Invention
intends to offer such a voice signal processing device wherein detection of
a vowel and a consonant is improved. A voice signal processing device of
claim 1 comprises: frequency analysis means for frequency analyzing a voice
input signal; cepetrum-analysis means for cepstrum-analyzing the output
from the frequency analysis means; 40        peak detection means for
detecting a cepstrum peak of the cepstrum-analyzed output from the cep-
strum analysis means; mean-value calculation means for calculating a
mean-value level of the cepstrum-analyzed outputfrom the cepstrum analysis
means; and vowel/consonant detection means  for detecting a vowel from a
consonant, on the basis of the peak- 45  detected information from the peak
detection means and of the mean-value information from the mean-value
calculation means, by determining a vowel according to the peak and
determining a consonant according to the mean-value information level. And
a voice signal processing device of claim 2 in accordance with claim 1, has
such vowel/consonant detection means comprising; 50       a first
comparator for comparing the peak detected by the peak detection means with
a threshold set by a first threshold setting section; a second comparator
for comparing the mean-value calculated by the mean-value calculation means
with a specified threshold set by a second theshold setting section; and
vowel/consonant detection circuit for detecting a vowel and a consonant on
the basis of the compared 55  results from the first and the second
comparators, and for outputting the detected result. And the present
invention intends to offervoice signal processing device capable of
detecting a vowel and a consonant and suppressing noise by use of the
detected result, thereby to obtain good articulated signal. A voice signal
processing device of claim 3 comprises in addition to the features of claim
1: 2    



EP 0 442 342 B1 cancel coefficient setting means for setting a cancel
coefficient utilizing the detected result of the vow- el/comsonant
detection means; noise prediction means into which the Fourier-transformed
voice signal is inputted and which predicts the nose component thereof;
cancel  means into which the noise-predicted output from the noise
prediction means, the voice signal, and the cancel coefficient signal set
by the cancel coefficient setting means are inputted, and which cancels a
noise component considering the cancel ratio from the voice signal; and
signal composition means for composing the canceled output from the cancel
means. A voice signal processing device of claim 4 is characterized in that
the f requency analysis means is a band to  division means for band
dividing a voice input signal. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is
a block diagram showing a prior art voice signal processing device; 15
Fig. 2 la a block diagram showing an embodiment of a voice signal
processing device according to the present invention; Fig. 3 is a graph
showing a cepstrum peak in the embodiment; Fig. 4 is a block diagram
showing an embodiment of a voice signal processing device according to
another present invention; 20      Fig. 5 is a block diagram showing an
embodiment of a voice signal processing device according to another present
invention; Fig. 6 is a graph to help explain a noise prediction method of
the embodiment; Figs. 7 and 8 are wave form charts to help explain a
cancellation method of the embodiment; Fig. 9 isa block diagram showing an
embodiment of a voice signal processing device according to another 25
present; invention; and Fig. 10 is a graph to help explain a cancel
coefficient of the embodiment. Fig. 2 is a block diagram of a voice signal
processing device in an embodiment of the present invention. In Fig. 2, the
numeral 1 indicates band division means as an example of frequency analysis
means for fre- quency-analyzing a signal, in particular. FFT means for
Fourier transforming a signal, and numeral 2 are cep- 30  strum analysis
means for performing cepstrum analysis as an example of pitch
extraction-analysis means. The term "cepstrum" which is derived from the
term "spectrum" is in this application symbolized by c(T) and obtained by
inverse-Fourier-transforming the logarithm of a short- time spectrum S(w)).
35                                 [err] The dimension of [err] is time and
[err] (time) is named "quefrency (which is derived from the word
"frequency". 40 Numeral 3 are peakdetection means as ar example of pitch
detection means for detecting a peak of a cepstrum distribution, numeral 4
are mean-value calculation means for calculating the mean-value of the
cepstrum dis- tribution, and numeral 5 are vowel/consonant detection means
for detecting a vowel and a consonant from input signals containing noise.
That is, the FFT means 1 fast-Fourier transforms a voice signal input, and
supplies the transformed signal 45  to the cepstrum analysis means 2. The
cepstrum analysis means 2 determines a cepstrum of the spectrum signal, and
supplies the cepstrum to the peak detection means 3 and the mean-value
calculation means 4. Fig 3 (a) shows graph of such spectrum and (b) shows
graph of such cepstrum. The peak detection means 3 determines a peak of the
cepstrum obtained by the cepstrum analysis means 2, and supplies the peak
to the vowel/consonant detection means 5. 50      On the other hand, the
mean-value calculation means 4 calculates a mean-value of the cepstrum
obtained by the cepstrum analysis means 2, and supplies the mean-value to
the vowel/consonant detection means 5. The vowel/consonant detection means
5 detects a vowel and a consonant of the voice signal input by use of the
cepstrum peak supplied from the peak detection means 3 and the cepstrtrum
mean-value supplied from th mean-value calculation means 4, and outputs the
detected result as a detected output. 55      The operation of the voice
signal processing device in the embodiment of the present invention
configured as described above will be explained hereinafter. A voice signal
input is fast-Fourier transformed by the FFT means 1. determined for a
cepstrum thereof by the cepstrum analysis means 2, and determined for a
peak of the cepstrum by the peak detection means 3    EP 0 442 342 B1 



3. Also, a   mean-value of the cepstrum is determined by the mean-value
calculation means 4. Then, the vow- el/consonant detection means 5. when a
signal indicating that the peak has been detected is inputted from the
peak detection means 3, determines the voice signal input to be a vowel
area. For the detection of a con- sonant for example,  when the cepstrum
mean-value Inputted from the mean-value calculation means 4 Is larg- 5   or
than a  predetermined value or when an increase of the cepstrum mean-value
(differential coefficient) Is larger than a predetermined value, the voice
signal input is determined to be consonant area. As a result, a signal
indicating a vowel/consonant, or a signal Indicating a voice area including
a vowel and a consonant is outputted. According to the present Invention as
described above, the detecting of a vowel and a consonant allows 10  the
voice part detection to be accurately performed. Another present Invention
will be explained herein-after. Flg. 4 is a block diagram showing an
embodiment thereof. The same numeral is assigned to the same means as that
In the embodiment of Fig. 2. That Is, the numeral I Indicates FFT means for
fast-Fourier trans- forming a voice signal, the numeral 2 does cepstrum
analysis means for determining a cepstrum of the Fourier- 15  transformed
spectrum signal, the numeral 3 does peak detection means for determining a
peak on the basis of the cepstrum-analyzed result, and the numeral 4 does
mean-value calculation means for calculating a mean- value of the cepetrum.
The vowel/consonant detection means 5 has means as described below. That
is, a first comparator 52 is a circuit which compares the peak information
obtained by the peak de- 20  tection means 3 with a specified threshold set
by a first threshold setting section 51, and outputs the result. The first
threshold setting section 51 is means for setting a threshold in response
to the mean-value obtained by the mean-value  calculation means 4. A second
camparator 53 is a circuit which compares a specif led threshold set by a
second threshold setting section 54 with the mean-value obtained by the
mean-value calculation means 4, and outputs the result. 25      A
vowel/consonant detection means 55 is a circuit which determines whether an
inputted voice signal is a vowel or a consonant on the basis of the
compared result obtained by the first comparator 52 and the com- pared
result obtained by the second comparator 53. The operation of the above
embodiment will be explained hereinafter. The FFT means 1 fast-Fourier
transforms a voice signal. The cepstrum analysis means 2 determines a 30
cepstrum of the Fourier-transformed signal. The peak detection means 3
detects a peak of the determined cepstrum. On the other hand, the
mean-value calculation means 4 calculates a mean-value of the determined
cepstrum. Then, the first threshold setting means 51 sets a threshold as a
criterion by which the peak obtained by the peak detection means 3 is
determined to be a vowel or not. At that time, the means 51 sets the
threshold 35   with reference to the mean-value obtained by the mean-value
calculation means 4. For example, where the mean-value is large, the
threshold is set to be a high value so that a peak indicating a vowel can
be surely selected. The first comparator  52 compares the threshold set by
the first threshold setting means 51 with the peak detected by the peak
detection means 3, and outputs the compared result. 40      On the other
hand, the second threshold setting means 54 sets a specified threshold. The
specified threshold is such as a threshold of mean-value itself, or a
threshold of a differential coefficient indicating an Incresed mean-value
tendency. Then, tile second comparator 53 compares the mean-value obtained
by the mean-value calculation means 4 with the threshold set by the second
threshold setting means 54, and outputs the compared result. That is, the
comparator 53 compares a calculated mean-value with a threshold mean- 45
value, or compares an increase value of the calculated mean-value with a
threshold differential coefficient val- ue. The vowel/consonant detection
circuit 55 detects a vowel and a consonant on the basis of the compared
result from the first comparator 52 and the compared result f rom the
second comparator 53. When a peak has been surely detected with respect to
the compared result from the first comparator 52, the area is determined 50
to be a vowel. When a mean-value exceeds that of the threshold with respect
to the compared result from the second  compartor 53, the area is
determined to be a consonant. Alternatively, the circuit 55 compares an in-
crease of the mean-value with a differential coefficient of the threshold,
and when the mean-value increase exceeds  the threshold differential
coefficient, the area Is determined to be a consonant. The, detection by
the vowel/consonant detection means 55 may be also performed in such a
manner that, 55  condsidering a characteristic of the area of voice vowel
and consonant, for example, a characteristic that a con- sonant is
accompanied by a vowel, a consonant is determined after when the consonant
is accompanied by a vowel  That is, in order to perform more surely the
discrimination of a noise from a consonant, if, even when 



a signal is determined to be a consonant by a mean-value thereof,
thereafter no vowel area continues, the 4    EP 0 442 342 B1 signal is
determined to be a noise. The present invention, though implemented in
software utilizing a computer, may also be implemented by use of  a
dedicated hard circuit. As apparent by the above description, the present
invention comprises pitch extraction-analysis means for extracting a
analyzing a pitch of a frequency-analyzed signal, pitch selection means for
detecting a pitch in the analyzed output, mean-value calculation means for
calculating a mean-value level In the pitch extracted and analyzed output,
and vowel/consonant detection means for detecting a vowel from a consonant,
on the basis of the pitch-detected information from the pitch selection
means and of the mean-value information from the mean-value calculation
means, by determining a vowel according to the pitch and determining a
consonant 10  according to the mean-value information level, whereby there
is an effect that a vowel and a consonant can be surely detected to allow a
voice to be correctly detected. According to drawings, an embodiment of
another present invention will be explained hereinafter. Fig. 5 is a block
diagram of a voice signal processing device in an embodiment of the present
Invention. In Fig. 5, the numeral 518 indicates band divison means for
frequency-band dividing the signal, as an example 15  of frequency analysis
means for performing a frequency analysis of a signal, in particular, FFT
means for Four- ier transforming the signal, the numeral 528 does cepstrum
analysis means for performing a cepstrum ana- lysis, the numeral 538 does
peak detection means for detecting a peak of a cepstrum distribution, the
numeral 548 does mean-value calculation means for calculating a mean-value
of the cepstrum distribution, and the numeral 558 does vowel/ consonant
detection means for detecting a vowel and a consonant. That Is, the FFT 20
means 518 fast-Fourier transforms a voice signal Input, and supplies the
transformed result to the cepstrum analysis means 528. The cepstrum
analysis means 528 determines a cepstrum of the cepstrum signal, and
supplies the cepstrum to the peak detection means 538 and the mean-value
calculation means 548. Fig. 3 (a) and (b) show the graphs of such spectrum
and cepstrum. The peak detection means 538 determines a peak of the
cepstrum obtained by the cepstrunm  analysis means 528, and supplies the
peak to the vowel/consonant 25  detection means 558. On the other hand, the
mean-value calculation means 548 calculates a mean-value of the cepstrum
ob- tained by the cepstrum analysis means 528, and supplies the mean-value
to the vowel/consonant detection means 558. The vowel/ consonant detection
means 558 detects a vowel and a consonant of the voice signal input by use
of the cepstrum peak supplied from the peak detection means 538 and the
cepstrum mean-value 30  supplied from the mean-value calculation means 548,
and outputs the discriminated result . The numeral 568 indicates noise
prediction means for inputting therein the outputted signal from the FFT
518 and predicting a noise component, the numeral 588 does cancel means for
canceling the noise in a manner as described later, and the numeral 598
does band composition means as an example of signal composition means, in
particular, IFFT means for performing an inverse-Fourier transformation.
More specifically, the noise prediction means 35  568 predicts a noise
component for each channel on the basis of a voice/noise input divided into
m channels, and supplies the predicted result to the cancel means 588. For
example, the noise prediction is performed in a manner as shown in Fig. 6.
That is, by allowing the x axis to represent a frequency, the y axis to
represent a noise level and the z axis to represent a time, and taking data
[err] through [err] at the frequency [err], the subsequent [err] is
predicted. 40  For example by calculating a mean-value of the noise
components [err] through [err], the mean-value is taken as [err].
Alternatively, when a voice signal portion continues thereafter, the [err]
is multiplied by an attenuation coefficient. The cancel means 588 Is means
to which a m channel signal from the FFT 1 and the noise prediction means
568 is supplied and which cancels a noise by subtracting the noise for each
channel in response to a cancel 45  coefficient input, and supplies the
noise-canceled signal to the IFFT means 598. That is, the cancel means 588.
cancels a noise by multiplying the predicted noise component by a cancel
coefficient. Generally, the cancellation with respect to time axis as an
example of canceling method is performed by subtracting a predicted noise
waveform (b) from a noise-contained voice signal (a). With such
calculation, only the signal is taken out as shown in Fig. 7(c). Also, as
shown in Fig. 8, the cancellation with a frequency as a 50  reference is
performed by Fourier transforming (b) a noise-contained voice signal (a),
then subtracting (d) a predicted noise spectrum (c) from the transformed
result, and then inverse-Fourier transforming the result to 



obtain a noise-canceled voice signal (e). The IFFT means 598
inverse-Fourier transforms the m channel signal supplied from the cancel
means 588 to obtain a voice output. Cancel coefficient setting means 578
sets properly a cancel coefficient utilizing the vowel/consonant area 55
information detected by the vowel/consonant detection means 558. For
example, in the voice area, in order to secure and obtain a good
articulation by intentionally no-canceling noise component, the cancel
coefficient is rendered small while. in other noise portion, in order to
cancel completely the noise component. the cancel coefficient is rendered
large. The present invention detects not only a vowel but also consonant
surely, thereby 5    EP 0 442 342 B1 allowing a sufficiently good
articulation of a voice to be obtained. The operation of a voice signal
processing device in the embodiment of the present invention configured as
described above will be explained hereinafter. A voice  sgnal input is
fast-Fourier transformed by the FFT means 518, determined for a cepstrum
thereof 5   by the cepstrum  analysis means 528, and determined for a peak
of the cepstrum by the peak detection means 538.Also a mean-value of the
cepstrum is determine by the mean-value calculation means 548. Then, the
vowel/consonant detection means 558, when a signal indicating that the peak
has been detected is inputted from the  peak( detection means 538,
determines the voice signal input to be a vowel area. For the detection of
a consonant,  for example, when the cepstrum mean-value inputted from the
mean-value calculation means 10  548 is larger  than a predetermined value
or when an increase of the cepstrum mean-value (differential coef- ficient)
is larger than a predetermined value, the voice signal input is determined
to be consonant area. As a result, a signal indicating a vowel/consonant,
or a signal indicating a voice area Including a vowel and a con- sonant is
outputted. On the other hand, a noise-contained voice/noise input is
predicted for the noise component thereof for 15  each channel by the noise
prediction means 568. The voice/noise signal is canceled for the noise
component supplied from the noise prediction means 568 for each channel by
the cancel means 588. The noise cancel ratio at that time is properly set
In a manner to improve the articulation for each channel by a cancel
coefficient input from the cancel coefficient setting means 578. For
example, as described above, in the voice area, in order to secure and
obtain a good articulation by Intentionally no-canceling noise component,
the cancel coef- 20  ficient is rendered small, while, In other noise
portion, in order to cancel completely the noise component, the cancel
coefficient is rendered large. The present onvention detects surely also a
consonant not limiting to a vowel, thereby allowing a sufficiently good
articulation of a voice to be obtained. Then, the IFFT means 598
inverse-Fourier transforms the noise-canceled rn-channel signal obtained
from the cancel means 588, and out- puts the transformed signal as a voice
signal. 25      According to the present embodiment as described above, the
noise cancel ratio of the cancel means 588 is properly given for each band
by a cancel coefficient input, and the cancel coefficient input
corresponding to a voice is selected with a high accuracy, thereby allowing
an articulated and noise-suppressed voice output to be obtained. An
embodiment of another present invention will be explained herein-after. 30
Fig. 9 is a block diagram showing an embodiment thereof. The same numeral
is assigned to the same means as that in the embodiment of Fig. 5. That is,
the numeral 518 indicates FFT means for fast-Fourier trans- forming a voice
signal, the numeral 528 does cepstrum analysis means for determining a
cepstrum of the Four- ier-transformed spectrum-signal, the numeral 538 does
peak detection means for determining a peak on the basis of the
cepstrum-analyzed result, the numeral 548 does mean-value calculation means
for calculating a 35   mean-value of the cepstrum, the numeral 568 does
noise prediction means, the numeral 588 does cancel means, the numeral 598
does IFFT means, and the numeral 578 does cancel coefficient setting means.
Vow- el/consonant detection means 558 has the following means as described
in Fig.4. That is, a first comparator 52 is a circuit which compares the
peak information obtained by the peak detection means 538 with a specified
threshold set by a first threshold setting section 51 and outputs the
result. The first threshold setting section 40  51 sets the threshold in
response to the mean-value obtained by the mean-value calculation means
548. Also, a second comparator 53 is a circuit which compares a specified
threshold set by a second threshold setting section 54 with mean-value
obtained by the mean-value calculation means 548, and outputs the result.
Also, vowel/consonant detection circuit 55 determines whether an inputted
voice signal is a vowel or a con- sonant on the basis of the compared
result obtained by the first comparator 52 and the compared result ob- 45
tained by the  second comparator 53. 



The operation of the above embodiment will be explained hereinafter. The
FFT means 518 fast-Fourier transforms a voice signal. The cepstrum analysis
means 528 determines a cepstrum of the Fourier-transformed signal. The peak
detection means 538 detects a peak of the determined cepstrum.On the other
hand,  the mean-value calculation means 548 calculates a mean-value of the
deter- 50  mined cepstrum. Then, the first threshold setting means 51 sets
a threshold as a criterion by which the peak obtained by the peak detection
means 538 is determined to be a vowel or not. At that time, the means 51
sets the threshold with reference to the mean-value obtained by the
mean-value calculation means 548. For example, where the mean-value is
large, the threshold is set to a high value so that a peak indicating a
vowel can be surely selected. 55      The first comparator 52 compares the
threshold set by the first threshold setting means 51 with the peak
detected by the peak detection means 538, and outputs the compared result.
On the other hand  the second threshold setting means 54 sets  a specified
threshold. The specified threshold is such as a threshold of mean-value
itself, or a threshold of a differential coefficient indicating an 6    ;
EP 0 442 342 B1 increased meaan-value tendency. Then, the second comparator
53 compares the mean-value obtained by the mean-value alculation  means 548
with the threshold set by the second threshold setting means 54, and out-
puts the compared result That is, the comparator 53 compares a calculated
mean-value with a threshold mean value, or cmpares an increase value of the
calculated mean-value with a threshold differential coefficient val- The
vowel/consonant detection circuit 55 detects a vowel and a consonant on the
basis of the compared result from the first comparator 52 and the compared
result from the second comparator 53. When a peak has been surely  detected
with respect to the compared result from the first comparator 52, the area
is determined to be a vowel. When a mean-value exceeds that of the
threshold with respect to the compared result from the 10  second
comparator 53, the area is determined to be a consonant. Alternatively, the
circuit 55 compares an in- crease of the mean-value with a differential
coefficient of the threshold, and when the mean-value exceeds the
threshold, the area is determined to be a consonant The detection by the
vowel/consonant detection means 55 may be also performed in such a manner
that, considering a chacteristic of the area of voice vowel and consonant,
for example, a characteristic that a con- 15  sonant is accompanied by a
vowel, a consonant is determined after when the consonant is accompanied by
a vowel, That is, in order to perform more surely the discrimination of a
noise from a consonant, if, even when a signal is determined to be a
consonant by a mean-value thereof, thereafter no vowel area continues, the
signal is determined to be a noise The cancel coefficient setting means 579
sets a proper cancel coefficient on the basis of the voice infor- 20
mation of the vowel/conssonant area discriminated by the vowel/ consonant
detection means 558. On the other hand, a noise-contained voice/noise
output is predicted for the noise component thereof for each channel by the
noise prediction means 568. Also, a voice signal is canceled for the noise
componentthere- of supplied from the noise prediction means 568 for each
channel by the cancel means 588. The noise cancel ratio at that time is set
for each channel by a cancel coefficient supplied from the cancel
coefficient setting 25   means 579.That Is, when a predicted noise
component represents a, a noise-contained signal [err] and a cancel
coefficient alpha, an output [err] of the cancel means 588 becomes
([err]-alpha; x [err]). The cancel coefficient alpha is a coefficient value
as shown in Fig. 10. That is, Fig. 10 (a) shows a cancel coefficient in
each band, wherein the [err] indicates the entire band of a voice/noise
input. A cancel coefficient is set by dividing the [err] into m channels.
Particularly, the [err] indicates a band containing a voice, and is surely
determined by the vowel/con- 30  sonant detection means 558 as described
above. Thus, in the voice band, a cancel coeff icient is rendered small
(close to zero) so that a noise is canceled as little as possible. That
causes the articulation to be improved. That is because that a human
hearing sense can hear a voice even when having a noise to some extent. In
the non-voice bands [err], a noise is to be sufficiently canceled by taking
the cancel coefficient as 1. The cancel coefficientof Fig. 10 (b) is used
when it has been surely found that a signal is considered to have 35  no
voice and have only a noise, which is to be taken as I so that the noise
can be sufficiently canceled. For example, that corresponds to a case
where, when a signal with no vowel continues from view point of peak
frequency, the signal is determined not to be a voice signal and
accordingly, to be a noise. It Is preferable that the cancel coefficients
of Fig. 10(a) and (b) can be shifted as appropriate. The present invention,
though implemented in software utilizing a computer, may also be
implemented 



40  by use of a dedicated hard circuit. As apparent by the above
description, a voice signal processing device according to the present
invention detects the vowel/consonant area of a noise-contained voice
signal, and on the basis of the detected area, sets a proper cancel
coefficient by coefficient setting means, and then utilizing the cancel
coefficient, cancels properly a predicted noise component, thereby allowing
the noise to be canceled and the articulation to be 45  improved. It is
further understood by those skilled in the art that the foregoing
description is a preferred embodiment and that various changes and
modifications may be made in the invention without departing from the scope
of the appended claims. 1. A voice signal processing device comprising:
frequency analysis means (1, 518) for frequency analyzing a voice input
signal; 55       cepstrum analysis means (2, 528) for cepstrum analyzing
the output from said frequency analysis means (1, 518); peak detection
means (3, 538) for detecting a cepstrum peak of the cepstrum-analyzed
output from said cepstrum analysis means (2, 528); and 7    EP 0 442 342 B1
Increased mean-value tendency. Then, the second comparator 53 compares the
mean-value obtained by the mean-value' calculation means 548 with the
threshold set by the second threshold setting means 54, and out- puts the
compared result. That is, the comparator 53 compares a calculated
mean-value with a threshold mean value  or  compares an increase value of
the calculated mean-value with a threshold differential coefficient val- 5
ue. The vowel/consonant detection circuit 55 detects a vowel and a
consonant on the basis of the compared result from the first comparator 52
and the compared result from the second comparator 53. When a peak has been
surely detected with respect to the compared result from the first
comparator 52, the area Is determined to be a vowel . When a mean-value
exceeds that of the threshold with respect to the compared result from the
10  second comparator 53, the area is determined to be a consonant.
Alternatively, the circuit 55 compares an In- crease of the mean-value with
a differential coefficient of the threshold, and when the mean-value
exceeds the threshold, the area is determined to be a consonant. The
detection by the vowel/consonant detection means 55 may be also performed
in such a manner that, considering a characteristic of the area of voice
vowel and consonant, for example, a characteristic that a con- 15  sonant
is accompanied by a vowel, a consonant Is determined after when the
consonant is accompanied by a vowel. That is, in order to perform more
surely the discrimination of a noise from a consonant, if, even when a
signal is determined to be a consonant by a mean-value thereof, thereafter
no vowel area continues, the signal is determined to be a noise. The cancel
coefficient setting means 579 sets a proper cancel coefficient on the basis
of the voice infor- 20   mation of the vowel/consonant area discriminated
by the vowel/ consonant detection means 558. On the other hand, a
noise-contained voice/noise output is predicted for the noise component
thereof for each channel by the noise prediction means 568. Also, a voice
signal is canceled forthe noise componentthere- of supplied from the noise
prediction means 568 for each channel by the cancel means 588. The noise
cancel ratio at that time is set for each channel by a cancel coefficient
supplied from the cancel coefficient setting 25   means 579.,That is, when
a predicted noise component represents a, a noise-contained signal [err]
and a cancel coefficient alpha, an output [err] of the cancel means 588
becomes ([err] -alpha[err] ). The cancel coefficient alpha, is a
coefficient value as shown in Fig. 10. That is, Fig. 10 (a) shows a cancel
coefficient in each band, wherein the [err] indicates the entire band of a
voice/noise input. A cancel coefficient is set by dividing the [err] into m
channels. Particularly, the [err] indicates a band containing a voice, and
is surely determined by the vowel/con- 30  sonant detection means 5548 as
described above. Thus, in the voice band, a cancel coefficient is rendered
small (close to zero) so that a noise is canceled as little as possible.
That causes the articulation to be improved. That is because that a human
hearing sense can hear a voice even when having a noise to some extent. In
the non-voice bands [err], a noise is to be sufficiently canceled by taking
the cancel coefficient as 1. The cancel coefficient of Fig. 10 (b) is used
when it has been surely found that a signal is considered to have 35   no
voice and have only a noise, which is to be taken as 1 so that the noise
can be sufficiently canceled. For example, that corresponds to a case
where, when a signal with no vowel continues from view point of peak
frequency, the signal is determined not to be a voice signal and
accordingly, to be a noise. It is preferable that 



the cancel coefficients of Fig. 10 (a) and (b) can be shifted as
appropriate. The present invention, though implemented in software
utilizing a computer, may also be implemented 40  by use of a dedicated
hard circuit. As apparent by the above description, a voice signal
processing device according to the present invention detects the
vowel/consonant area of a noise-contained voice signal, and on the basis of
the detected area, sets a proper cancel coefficient by coefficient setting
means, and then utilizing the cancel coefficient, cancels properly a
predicted noise component, thereby allowing the noise to be canceled and
the articulation to be 45  improved. It is further understood by those
skilled in the art that the foregoing description is a preferred embodiment
and that various changes and modifications may be made in the invention
without departing from the scope of the appended claims. 1.  A voice signal
processing device comprising: frequency analysis means (1, 518) for
frequency analyzing a voice input signal; 55       cepstrum analysis means
(2, 528) for cepstrum analyzing the output from said frequency analysis
means (1. 518); peak detection means (3. 538) for detecting a cepstrum peak
of the cepstrum-analyzed output from said cepstrum analysis means (2, 528);
and 7    EP 0 442 342B1 vowel/consonant detection means (5, 558) for
detecting a vowel from a consonant, determining a vowel according to said
cepstrum peak, characterized in that mean.value calculation means (4, 548)
are provided for calculating a mean-value level of the cepstrum- 5
analyzed output from said cepstrum analysis means  (2, 528); and the
vowel/consonant detection means (5,558) determine a consonant according to
said mean-value level. 2. A voice signal processing device in accordance
with claim 1, wherein the vowel/consonant detection means comprises; 10
a first comparator (52) for comparing the peak detected by said peak
detection means (3, 538) with a first threshold set by a first threshold
setting section (51); a second comparator(53)forcomparing the mean-value
calculated by said mean-value calculation means (4. 548) with a specified
threshold set by a second threshold setting section (54); and a
vowel/consonant detection circuit (55) for detecting a vowel and a
consonant on the basis of the com- 15       pared results from said first
and the second comparators (52, 53) and for outputting the detected result.
3.  A voice signal processing device according to claim 1, comprising:
cancel coefficient setting means (7, 578) for setting a cancel coefficient
utilizing the detected result of the vowel/consonant detection means (5,
558); 20       noise prediction means (6, 568) into which said
Fourier-transformed voice signal is input and which pre- dicts the noise
component thereof; cancel means (8, 588) into which the noise-predicted
output from the noise prediction means (6, 568), said voice signal, and the
cancel coefficient signal set by said cancel coefficient setting means (7,
578) are input and which cancels a noise component considering the cancel
ratio from the voice signal; and 25       signal composition means (9, 598)
for composing the canceled output from the cancel means (8, 588). 4. A
voice signal processing device according to claim 1, characterized in that
the frequency analysis means is a band division means. 5.  A voice signal
processing method comprising the steps of: 30       frequency analyizing a
voice input signal to obtain a spectrum; cepstrum analyzing the spectrum to
obtain a cepstrum; detecting a peak of the cepstrum; and determining a
vowel according to said detected peak, characterized by the steps of
calculating a mean- value level of the cepstrum; and 35      determining a
consonant according to said mean-value level. Patentrneprujlhe 40   1.
Sprachsignalverarbeitungsvorrichtung mit ,einer Freiquen~analyseeinrichtung
(1, 518) fOr die Frequenzanalyse eines Spracheingangssignals; 



einer  ps~tralanalyseeinrichtung (2,528) fur die Cepstralanalyse des
Ausgangssignals der Frequenzana- lyseeinnidqhtung (1, 518); elner
ftitzengrfassungseinrichtung (3, 538) fOr die Erfassung einer cepstralen
Spitze des 45   gtrj4gnaiyaiqrtn Atngangssignals der
Cepstralanalysesinrichtung (2, 528); und 9.ier
i*kai-Kons.,onntenerfassungseinrichtung (5, 558) fOr die Unterscheldung
eines Vokals von sinem KgnlwQtpnten, wQbei sin Vokal anha~d der
Cepstralspitze bestimmt wird, 4adu.rch gekenngeqchnet, daM elne
bittqlwertb.erechnungseinrichtung (4, 548) ffir die Berechnung sines
Mittelwertniveaus des ggppstyrjnjy2Igrten Ausgangssignals der
Cepstralanalyseeinrichtung (2, 528) vorgesehen ist; und die
VokalaKonsOnantenerfassungseinrichtung  (5,  558)  einen  Konsonanten
anhand  des MitteqlWr~ie3uS be,.,timmt. 2.
Spractisignalverarbeitungsvorrichtung nach Anspruch 1, bei der die
Vokal-Konsonantenerfassungsein- richtung umfailt: elnen ersaten Kaomparator
(52) fuOr den Vergleich der von der Spitzenerfassungseinrichtung (3,538)
erfall- ten Spitze mit einem von einem ersten Schwellwerteinste" !-^'iitt
(51) eingestellten Schwellwert; 8    EP 0 42 342 B1 elnen tweln Komparator
(53) fOr den Vergleich des von der Mittelwertberechnungseinrichtung (4,
548) tberes4.t. n Mitteiworts mit sinem vpn einem zweiten
Schwellwertoinstollabschnitt (54) elngesteilten vor- geo !nen Sehwollwert;
und aingr \ oI-Konagnantenerfessung schattung (55) ffur die Erfassung eines
Vokils und sines Konsonan- 5       t~e, n a., i>,ynhilge d,,er
Vergleichsergebnisse des ersten und zweiten Comparators (52, 53) und zum
Aus- gown  e8 qrfaftten lrgobnisses. 3. Spraelanpriveqrarbstungsvorrichtung
nach Anspruch 1, mit elner Ltnterdrcickungskoeffizienteneinstelleinrichtung
(7, 578) fOr die Einstellung eines UnterdrOckungs- 10 ko e~ffienton untqr
Verwendung des Erfassungaergebnisses der
Vokal-Konsonantbnerfassungsoinrich- tung (d, 558); melnr
g7eritashvorhersageelnrichtung (6, 588), In die das Fourier-transformlerte
Sprachaignal eingege- ben wIrd und die dessen Rauschantell vorhersagt;
elner Untqrdrfcqklungseinrichtung (8,588), In die das
Gerauschvorhersageausgangssignal der Gerausch- vorhersageelnriehtung (6,
588), das Sprachaignal und des von der Unterdruckungskoeffizlentoneinstell-
einriohtyng (7,578) elngestellte Unterdrilckungskoeff izientensignal
eingegeben werden und die untbr Be- rflcksichtigung des
UntordrOckungsverhiltnlsses elne Gerauschkomponentb Bus dem Spracheignal
un- terdric~kt; und elner Signalzusammensetzungseinrichtung (9,598) zum
Zusammensetzen des unterdrflcktenAusgangs- 20      signals der
Unterdrfkkungseinrichtung (8, 688). 4. Sprachslgnalverarbeltungsvorrichtung
nach Anspruch 1, dadurch gekennzelchnet, dal& die Frequenzana-
lyseenrichtung eine Eandunterteilungselnrichtung Ist. 5.
Spraci(ignalverarboeitungsverfahrer mit den Schritten: 25  Frev~.nzanaiyse
eines Sprachoingungssignals, um ein Spektrum zu erhalten; Cepstralanalyse
des Spektrums, unA eln Cepstrum zu erhalten; Erfass4n elner Spize des
Cepstrums; und RWtiMmen eines Vokals anhand der erfaBten Spitze,
gekennzeichnet durch die Schritte: Berechnen sines Mittelwertniveaus des
Cepstrums; und Bestirnmen elnes Konsonanten anhand des Mittelwertniveaus.
Reyondiceations 1.  Un dispositif de traitement de signal vocal comprenant:
des moyens d'analyse de frequence (1, 518) pour effectuer une analyse de
frequence d'un signal d'ontr.o voQpi; des moyens d'analyse de cepstre
(2,528) poureffectuer une analyse de cepstre du signal de sortie dos mgyens
d'anelyse de frequence (1, 518); des moyens de detection de pic (3, 538)
destines A detecter un pic de cepstre du signal de sortie r6oultant de
I'analyse de cepstre des moyens d'analyse de cepstre (2, 528); et des
moyens de detectlon de 'voyelleconsonne (5, 558) destines a discriminer une
voyelle d'une 



consoqnne, qyi dtqrmlnent une voyelle conformbment au plc du cepstre, 4:i
qaract6rl;6 en ce quo p*es moyens de calcul de valour moyenne (4,548) sont
incorpores pour calculer un niveau de valour mgyftnpe Ou signal de sortie
rdsultailt de l'analyse de cepstre des moyens d'analyse de cepstre (2,
528); et                           i Jegs moyens do dctecqton de
voyellelconsonne (5, 558) determinent une consonne conformement qu nw. aigv
de valeur moyenne. Un &ppositif de traltement de signal vocal solon la
revendication 1, dans lequel les moyens de detection doe voyelle/consonne
comprennent: un promJir gomparateur (52) pour comparer to pic detecte par
los mnoyens de detection de pic (3, 538) avec un premier seuil qui est fixe
par une premiere section de fixation de seuil (51); tin second Lormparstour
(53) pour comparer la valeur moyenne calculee par les moyens de calcul de
valeur moyenne (4, 548) avec un seull specifie qui est fixe par une second.
section de fixation de seuil (54); et 9    n EP 0 442 342 B131I Bill 111111
*              11111 IIIII * C   L   N   S Un Circuit de d6tection de
voyelle/consonne (55) pour detecter une voyelle et une consonne sur la tase
rdls r~s~utats do comparaison provenantdos premier et second comparabturs
(52,53), etpourfournir on w1ij lo, rowiltat detoec. U l.   n dip itif de
traltement de signJvocal solon la revendication 1, compronant: OD1  mOye.n
0 fl.ation de coefficient d'annulation (7, 578) pour fixer un coefficient
d'annulation p VWIiar4t 1, r*2tat mI6tectO des moyens de d6tectlon de
voyelle/consonne (5, 558); d,  moysts ()o prediction de bruit (6, 588)
auxquels Got appliqud le signal vocal ayant subi une trqn fTmation do
Fourtr, oet qul pr6d!sent la composante de bruit de ce signal; 10
les moyens d'annulatlon (8, 588) auxquels sont appiiqu6s le signal de
sortle de prediction de bruit deis tnoyon dq Vrdl.Ction dre bruit (6, 568),
le signal vocal et le signal de coefficient d'annulation qui est fixb6 par
les moyens do fixation de coefficient d'annulation (7, 578), et qul
annulent une composanto de brult du ,Jgnal vocgal en se basant sur 10
rapport d'annulation; et Oes moyens d.'haboration de signal (9, 598) pour
6eaborer le signal de sortie A bruit annuie A partir .ds oyens d'annulation
(8, 588). 4.  tn Olo.apceif do traltoment de signal vocal selon la
revendlcation 1, caracterbe en ce que les moyens d-'najye. eo frftuence
conslstont en moyens de division en bandes. t. lJn qcM940# dp tra.tement de
signal vocal comprenant les btapes suivantes: Qn effe..tuo une analyse de
frtquence d'un signal d'entrbe vocal pour obtenir un spectre; on efeoctue
une analyse de cepstre du spectre, pour obtenir un cepstre; on ditacte un
pic du cepstre;;et on b, tormine une voyelle conformrment au pic d6tecto,
Ogkarawctrlo par los btapes slivantes: 2bn q~alcule un nlvaau de valouer
moyenne du cepstre; et on dbtermine une consonne conformbment a ce niveau
de valour moyenne. Z. 30 35 40 !5                      I 65a i~ ~ ~~~~~~1


