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(57) In a voice signal pitch period detecting method
for detecting the pitch period of an input voice waveform
by taking a predetermined number of pitch periods on
the basis of the input voice waveform of a predetermined
time period, a voice signal pitch period detecting method
is characterized by reducing, when the detected pitch

period is not more than a predetermined reference val-
ue, the number of times of pitch period detecting
processing by considering the pitch period of a wave-
form of a predetermined number of pitch periods sub-
sequent to a waveform of the predetermined number of
pitch periods detected the same as the currently detect-
ed pitch period.
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Description

<Technical Field>

[0001] The present invention relates generally to a
voice signal pitch period detecting method, a voice sig-
nal pitch period detecting device, a voice signal time-
axis compressing device, a voice signal time-axis de-
compressing device, and a voice signal time-axis com-
pressing/decompressing device.

<Background Art>

[0002] When a voice signal is compressed or decom-
pressed, the pitch period of a voice waveform must be
found. The pitch period generally represents the voice
height. One of pitch period detecting methods is one uti-
lizing auto-correlation.
[0003] An example of the pitch period detecting meth-
od using auto-correlation is a method of finding auto-
correlation (short-time auto-correlation), assuming that
a signal is time-limited, and a signal exists only within a
section having a time period Ts, while no signal exists
(always zero) outside the section having the time period
Ts. When a voice waveform is represented by digital
voice data x(n), a short-time auto-correlation value Rn
(k) is as follows, as also described in "Digital Signal
Processing of Voice" (First Volume) issued by CORONA
PUBLISHING CO., LTD. written by L. R .Rabiner & R.
W. Schafer and translated by Suzuki Hisayoshi, pp.152
to pp.152.

where

[0004] In this case, Ts denotes a time section where
it is assumed that a voice signal exists, k denotes a delay
time period in a case where a voice waveform is delayed
when the short-time auto-correlation value Rn(k) is cal-
culated, and the relationship of Ts >> k holds. When
such a value of k that the short-time auto-correlation val-
ue Rn(k) is the maximum is found, k is a pitch period.
[0005] A time period Ts for detecting pitch periods is
generally set to twice the estimated maximum pitch (i.
e., the longest pitch period). Generally, the pitch period
of the input voice waveform is detected by taking two
pitch periods on the basis of an input voice waveform of
a time length corresponding to the time period Ts.
[0006] In the case of a waveform having a long pitch
period, therefore, even if the waveform is detected by
taking two pitch periods for each time period Ts, as

m = 0,1,2,........,Ts-1-k (1)

shown in Fig. 14 (b) , a time period during which time
periods Ts(1) and Ts(2) for detecting pitch periods are
overlapped is short.
[0007] In the case of the waveform having a short
pitch period, however, a time period during which the
time periods Ts (1) and Ts (2) (and Ts (2) and Ts(3)) for
detecting pitch periods are overlapped is lengthened, as
shown in Fig. 14 (a). The reason for this is that the time
period Ts for detecting pitch periods is set to twice the
estimated maximum pitch.
[0008] In the case of the waveform having a short
pitch period, therefore, the number of times of pitch pe-
riod detecting processing per unit time (the number of
times of calculation of a correlation value) is thus larger,
as compared with that in the case of the waveform hav-
ing a long pitch period. Accordingly, a processing load
on processing means (a processor) for performing pitch
period detecting processing is heavy.
[0009] The voice of a human being-may, in some cas-
es, be composed of a waveform which is repeated at
the same pitch period. In the case of a voice composed
of a waveform having a short pitch period (for example,
a high voice of woman or the like), the number of wave-
forms having the same pitch period within a predeter-
mined time period is larger, as compared with a voice
composed of a waveform having a long pitch period (for
example, a low voice of man or the like).
[0010] It is found that in the case of the voice com-
posed of the waveform having a short pihch period, the
effect thereof is small even if the number of times of pitch
period detecting processing per unit time is decreased.
[0011] The present invention has been made on the
basis of such a viewpoint and its object is to provide a
voice signal pitch period detecting method and a voice
signal pitch period detecting device, a voice signal time-
axis compressing device, a voice signal time-axis de-
compressing device, and a voice signal time-axis com-
pressing/decompressing device which can reduce a
processing load and shorten a processing time period.

<Disclosure of Invention>

[0012] In a voice signal pitch period detecting method
for detecting the pitch period of an input voice waveform
by taking a predetermined number of pitch periods on
the basis of the input voice waveform of a predetermined
time period, a first voice signal pitch period detecting
method according to the present invention is character-
ized by reducing, when the detected pitch period is not
more than a predetermined reference value, the number
of times of pitch period detecting processing by consid-
ering the pitch period of a waveform of a predetermined
number of pitch periods subsequent to a waveform of
the predetermined number of pitch periods detected the
same as the currently detected pitch period.
[0013] In avoice signal pitch period detecting method
for detecting the pitch period of an input voice waveform
by taking a predetermined number of pitch periods on
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the basis of the input voice waveform of a predetermined
time period, a second voice signal pitch period detecting
method according to the present invention is character-
ized by judging whether the detected pitch period is long
or short on the basis of the ratio of the detected pitch
period to the predetermined time period, and reducing,
when it is judged that the detected pitch period is short,
the number of times of pitch period detecting processing
by considering the pitch period of a waveform of the pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected the same as the detected pitch period.
[0014] A first voice signal pitch period detecting de-
vice according to the present invention is characterized
by comprising first means for detecting the pitch period
of an input voice waveform by taking a predetermined
number of pitch periods on the basis of the input voice
waveform of a predetermined time period; second
means for judging whether or not the detected pitch pe-
riod is not more than a predetermined reference value;
third means for causing, when it is judged that the de-
tected pitch period is more than the predetermined ref-
erence value, the first means to detect the pitch period
of a waveform of a predetermined number of pitch peri-
ods subsequent to a waveform of the predetermined
number of pitch periods detected; and fourth means for
determining, when it is judged that the detected pitch
period is not more than the predetermined reference val-
ue, the pitch period of the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected to be the same as the currently detected pitch
period, and omitting the pitch period detecting process-
ing by the first means with respect to the waveform of
the predetermined number of pitch periods subsequent
to the waveform of the predetermined number of pitch
periods detected.
[0015] A second voice signal pitch period detecting
device according to the present invention is character-
ized by comprising first means for detecting the pitch
period of an input voice waveform by taking a predeter-
mined number of pitch periods on the basis of the input
voice waveform of a predetermined time period; second
means for judging whether the detected pitch period is
long or short on the basis of the ratio of the detected
pitch period to the predetermined time period; third
means for causing, when it is judged that the detected
pitch period is long, the first means to detect the pitch
period of a waveform of a predetermined number of
pitch periods subsequent to a waveform of the prede-
termined number of pitch periods detected; and fourth
means for determining, when it is judged that the detect-
ed pitch period is short, the pitch period of the waveform
of the predetermined number of pitch periods subse-
quent to the waveform of the predetermined number of
pitch periods detected to be the same as the currently
detected pitch period, and omitting the pitch period de-
tecting processing by the first means with respect to the

waveform of the predetermined number of pitch periods
subsequent . to the waveform of the predetermined
number of pitch periods detected.
[0016] A first voice signal time-axis compressing de-
vice according to the present invention is characterized
by comprising pitch period detecting means for detect-
ing the pitch period of an input voice waveform; and
time-axis compressing means for time-axis compress-
ing the input voice waveform on the basis of the pitch
period detected by the pitch period detecting means, the
pitch period detecting means comprising first means for
detecting the pitch period of the input voice waveform
by taking a predetermined number of pitch periods on
the basis of the input voice waveform of a predetermined
time period, second means for judging whether or not
the detected pitch period is not more than a predeter-
mined reference value, third means for causing, when
it is judged that the detected pitch period is more than
the predetermined reference value, the first means to
detect the pitch period of a waveform of a predetermined
number of pitch periods subsequent to a waveform of
the predetermined number of pitch periods detected,
and fourth means for determining, when it is judged that
the detected pitch period is not more than the predeter-
mined reference value, the pitch period of the waveform
of the predetermined number of pitch periods subse-
quent to the waveform of the predetermined number of
pitch periods detected to be the same as the currently
detected pitch period, and omitting the pitch period de-
tecting processing by the first means with respect to the
waveform of the predetermined number of pitch periods
subsequent to the waveform of the predetermined
number of pitch periods detected.
[0017] A second voice signal time-axis compressing
device according to the present invention is character-
ized by comprising pitch period detecting means for de-
tecting the pitch period of an input voice waveform; and
time-axis compressing means for time-axis compress-
ing the input voice waveform on the basis of the pitch
period detected by the pitch period detecting means, the
pitch period detecting means comprising first means for
detecting the pitch period of the input voice waveform
by taking a predetermined number of pitch periods on
the basis of the input voice waveform of a predetermined
time period, second means for judging whether the de-
tected pitch period is long or short on the basis of the
ratio of the detected pitch period to the predetermined
time period, third means for causing, when it is judged
that the detected pitch period is long, the first means to
detect the pitch period of a waveform of a predetermined
number of pitch periods subsequent to a waveform of
the predetermined number of pitch periods detected,
and fourth means for determining, when it is judged that
the detected pitch period is short, the pitch period of the
waveform of the predetermined number of pitch periods
subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
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period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0018] A first voice signal time-axis decompressing
device according to the present invention is character-
ized by comprising pitch period detecting means for de-
tecting the pitch period of an input voice waveform; and
time-axis decompressing means for time-axis decom-
pressing the input voice waveform on the basis of the
pitch period detected by the pitch period detecting
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis. of the input voice waveform
of a predetermined time period, second means for judg-
ing whether or not the detected pitch period is not more
than a predetermined reference value, third means for
causing, when it is judged that the detected pitch period
is more than the predetermined reference value, the first
means to detect the pitch period of a waveform of a pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected, and fourth means for determining, when it is
judged that the detected pitch period is not more than
the predetermined reference value, the pitch period of
the waveform of the predetermined number of pitch pe-
riods subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0019] A second voice signal time-axis decompress-
ing device according to the present invention is charac-
terized by comprising pitch period detecting means for
detecting the pitch period of an input voice waveform;
and time-axis decompressing means for time-axis de-
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period, third means for causing,
when it is judged that the detected pitch period is long,
the first means to detect the pitch period of a waveform
of a predetermined number of pitch periods subsequent
to a waveform of the predetermined number of pitch pe-
riods detected, and fourth means for determining, when
it is judged that the detected pitch period is short, the
pitch period of the waveform of the predetermined
number of pitch periods subsequent to the waveform of
the predetermined number of pitch periods detected to

be the same as the currently detected pitch period, and
omitting the pitch period detecting processing by the first
means with respect to the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected.
[0020] A first voice signal time-axis compressing/de-
compressing device according to the present invention
is characterized by comprising pitch period detecting
means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; time-axis decompressing means for time-axis
decompressing the input voice waveform on the basis
of the pitch period detected by the pitch period detecting
means; and switching means for switching the time-axis
compressing means and the time-axis decompressing
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether or not the detected pitch period is not more
than a predetermined reference value, third means for
causing, when it is judged that the detected pitch period
is more than the predetermined reference value, the first
means to detect the pitch period of a waveform of a pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected, and fourth means for determining, when it is
judged that the detected pitch period is not more than
the predetermined reference value, the pitch period of
the waveform of the predetermined number of pitch pe-
riods subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0021] A second voice signal time-axis compressing/
decompressing device according to the present inven-
tion is characterized by comprising pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; time-axis decompressing means for time-axis
decompressing the input voice waveform on the basis
of the pitch period detected by the pitch period detecting
means; and switching means for switching the time-axis
compressing means and the time-axis decompressing
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
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ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period, third means for causing,
when it is judged that the detected pitch period is long,
the first means to detect the pitch period of a waveform
of a predetermined number of pitch periods subsequent
to a waveform of the predetermined number of pitch pe-
riods detected, and fourth means for determining, when
it is judged that the detected pitch period is short, the
pitch period of the waveform of the predetermined
number of pitch periods subsequent to the waveform of
the predetermined number of pitch periods detected to
be the same as the currently detected pitch period, and
omitting the pitch period detecting processing by the first
means with respect to the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected.
[0022] A third voice signal time-axis compressing/de-
compressing device according to the present invention
is characterized by comprising pitch period detecting
means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; a memory storing the pitch period detected by
the pitch period detecting means and the voice wave-
form, which has been time-axis compressed, obtained
by the time-axis compressing mans; and time-axis de-
compressing means for reading out the pitch period and
the voice waveform from the memory and time-axis de-
compressing the read voice waveform on the basis of
the read pitch period, the pitch period detecting means
comprising first means for detecting the pitch period of
the input voice waveform by taking a predetermined
number of pitch periods on the basis of the input voice
waveform of a predetermined time period, second
means for judging whether or not the detected pitch pe-
riod is not more than a predetermined reference value,
third means for causing, when it is judged that the de-
tected pitch period is more than the predetermined ref-
erence value, the first means to detect the pitch period
of a waveform of a predetermined number of pitch peri-
ods subsequent to a waveform of the predetermined
number of pitch periods detected, and fourth means for
determining, when it is judged that the detected pitch
period is not more than the predetermined reference val-
ue, the pitch period of the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected to be the same as the currently detected pitch
period, and omitting the pitch period detecting process-
ing by the first means with respect to the waveform of
the predetermined number of pitch periods subsequent
to the waveform of the predetermined number of pitch
periods detected.
[0023] A fourth voice signal time-axis compressing/
decompressing device according to the present inven-

tion is characterized by comprising pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; a memory storing the pitch period detected by
the pitch period detecting means and the voice wave-
form, which has been time-axis compressed, obtained
by the time-axis compressing mans; and time-axis de-
compressing means for reading out the pitch period and
the voice waveform from the memory and time-axis de-
compressing the read voice waveform on the basis of
the read pitch period, the pitch period detecting means
comprising first means for detecting the pitch period of
the input voice waveform by taking a predetermined
number of pitch periods on the basis of the input voice
waveform of a predetermined time period, second
means for judging whether the detected pitch period is
long or short on the basis of the ratio of the detected
pitch period to the predetermined time period, third
means for causing, when it is judged that the detected
pitch period is long, the first means to detect the pitch
period of a waveform of a predetermined number of
pitch periods subsequent to a waveform of the prede-
termined number of pitch periods detected, and fourth
means for determining, when it is judged that the detect-
ed pitch period is short, the pitch period of the waveform
of the predetermined number of pitch periods subse-
quent to the waveform of the predetermined number of
pitch periods detected to be the same as the currently
detected pitch period, and omitting the pitch period de-
tecting processing by the first means with respect to the
waveform of the predetermined number of pitch periods
subsequent to the waveform of the predetermined
number of pitch periods detected.
[0024] A fifth voice signal time-axis compressing/de-
compressing device according to the present invention
is characterized by comprising first pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; a memory storing the voice waveform, which
has been time-axis compressed, obtained by the time-
axis compressing mans; second pitch period detecting
means for reading out the voice waveform from the
memory and detecting the pitch period of the read voice
waveform; and time-axis decompressing means for
time-axis decompressing the voice waveform read out
of the memory on the basis of the pitch period detected
by the second pitch period detecting means, each of the
pitch period detecting means comprising first means for
detecting the pitch period of the voice waveform by tak-
ing a predetermined number of pitch periods on the ba-
sis of the voice waveform of a predetermined time peri-
od, second means for judging whether or not the detect-
ed pitch period is not more than a predetermined refer-
ence value; third means for causing, when it is judged
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that the detected pitch period is more than the predeter-
mined reference value, the first means to detect the
pitch period of a waveform of a predetermined number
of pitch periods subsequent to a waveform of the pre-
determined number of pitch periods detected, and fourth
means for determining, when it is judged that the detect-
ed pitch period is not more than the predetermined ref-
erence value,.the pitch period of the waveform of the
predetermined number of pitch periods subsequent to
the waveform of the predetermined number of pitch pe-
riods detected to be the same as the currently detected
pitch period, and omitting the pitch period detecting
processing by the first means with respect to the wave-
form of the predetermined number of pitch periods sub-
sequent to the waveform of the predetermined number
of pitch periods detected.
[0025] A sixth voice signal time-axis compressing/de-
compressing device according to the present invention
is characterized by comprising first pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; a memory storing the voice waveform, which
has been time-axis compressed, obtained by the time-
axis compressing mans, second pitch period detecting
means for reading out the voice waveform from the
memory and detecting the pitch period of the read voice
waveform; and time-axis decompressing means for
time-axis decompressing the voice waveform read out
of the memory on the basis of the pitch period detected
by the second pitch period detecting means, each of the
pitch period detecting means comprising first means for
detecting the pitch period of the voice waveform by tak-
ing a predetermined number of pitch periods on the ba-
sis of the voice waveform of a predetermined time peri-
od, second means for judging whether the detected
pitch period is long or short on the basis of the ratio of
the detected pitch period to the predetermined time pe-
riod, third means for causing, when it is judged that the
detected pitch period is long, the first means to detect
the pitch period of a waveform of a predetermined
number of pitch periods subsequent to a waveform of
the predetermined number of pitch periods detected,
and fourth means for determining, when it is judged that
the detected pitch period is short, the pitch period of the
waveform of the predetermined number of pitch periods
subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0026] A seventh voice signal time-axis compressing/
decompressing device according to the present inven-
tion is characterized by comprising pitch period detect-
ing means for detecting the pitch period of an input voice

waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; band dividing and coding means for dividing the
voice waveform, which has been time-axis compressed,
obtained by the time-axis compressing means into a plu-
rality of bands and coding the voice waveform for each
of the obtained bands; a memory storing the pitch period
detected by the pitch period detecting means and codes
obtained by the band dividing and coding means; band
dividing and decoding means for reading out the codes
from the memory and decoding the read codes to obtain
the voice waveform which has been time-axis com-
pressed; and time-axis decompressing means for read-
ing out the pitch period from the memory and time-axis
decompressing the voice waveform obtained by the
band dividing and decoding means on the basis of the
read pitch period, the pitch period detecting means com-
prising first means for detecting the pitch period of the
input voice waveform by taking a predetermined number
of pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether or not the detected pitch period is not more
than a predetermined reference value, third means for
causing, when it is judged that the detected pitch period
is more than the predetermined reference value, the first
means to detect the pitch period of a waveform of a pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected, and fourth means for determining, when it is
judged that the detected pitch period is not more than
the predetermined reference value, the pitch period of
the waveform of the predetermined number of pitch pe-
riods subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0027] A eighth voice signal time-axis compressing/
decompressing device according to the present inven-
tion is characterized by comprising pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; band dividing and coding means for dividing the
voice waveform, which has been time-axis compressed,
obtained by the time-axis compressing means into a plu-
rality of bands and coding the voice waveform for each
of the obtained bands; a memory storing the pitch period
detected by the pitch period detecting means and codes
obtained by the band dividing and coding means; band
dividing and decoding means for reading out the codes
from the memory and decoding the read codes to obtain
the voice waveform which has been time-axis com-
pressed; and time-axis decompressing means for read-
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ing out the pitch period from the memory and time-axis
decompressing the voice waveform obtained by the
band dividing and decoding means on the basis of the
read pitch period, the pitch period detecting means com-
prising first means for detecting the pitch period of the
input voice waveform by taking a predetermined number
of pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period, third means for causing,
when it is judged that the detected pitch period is long,
the first means to detect the pitch period of a waveform
of a predetermined number of pitch periods subsequent
to a waveform of the predetermined number of pitch pe-
riods detected, and fourth means for determining, when
it is judged that the detected pitch period is short, the
pitch period of the waveform of the predetermined
number of pitch periods subsequent to the waveform of
the predetermined number of pitch periods detected to
be the same as the currently detected pitch period, and
omitting the pitch period detecting processing by the first
means with respect to the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected.
[0028] A ninth voice signal time-axis compressing/de-
compressing device according to the present invention
is characterized by comprising first pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the first pitch period detect-
ing means; band dividing and coding means for dividing
the voice waveform, which has been time-axis com-
pressed, obtained by the time-axis compressing means
into a plurality of bands and coding the voice waveform
for each of the obtained bands; a memory storing codes
obtained by the band dividing and coding means; band
dividing and decoding means for reading out the codes
from the memory and decoding the read codes to obtain
the voice waveform which has been time-axis com-
pressed; second pitch period detecting means for de-
tecting the pitch period of the voice waveform obtained
by the band dividing and decoding means; and time-axis
decompressing means for time-axis decompressing the
voice waveform obtained by the band dividing and de-
coding means on the basis of the pitch period detected
by the second pitch period detecting means, each of the
pitch period detecting means comprising first means for
detecting the pitch period of a voice waveform by taking
a predetermined number of pitch periods on the basis
of the voice waveform of a predetermined time period,
second means for judging whether or not the detected
pitch period is not more than a predetermined reference
value, third means for causing, when it is judged that the
detected pitch period is more than the predetermined
reference value, the first means to detect the pitch pe-

riod of a waveform of a predetermined number of pitch
periods subsequent to a waveform of the predetermined
number of pitch periods detected, and fourth means for
determining, when it is judged that the detected pitch
period is not more than the predetermined reference val-
ue, the pitch period of the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected to be the same as the currently detected pitch
period, and omitting the pitch period detecting process-
ing by the first means with respect to the waveform of
the predetermined number of pitch periods subsequent
to the waveform of the predetermined number of pitch
periods detected.
[0029] A tenth voice signal time-axis compressing/de-
compressing device according to the present invention
is characterized by comprising first pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; time-axis compressing means for time-axis
compressing the input voice waveform on the basis of
the pitch period detected by the pitch period detecting
means; band dividing and coding means for dividing the
voice waveform, which has been time-axis compressed,
obtained by the time-axis compressing means into a plu-
rality of bands and coding the voice waveform for each
of the obtained bands; a memory storing codes obtained
by the band dividing and coding means; band dividing
and decoding means for reading out the codes from the
memory and decoding the read codes to obtain the
voice waveform which has been time-axis compressed;
second pitch period detecting means for detecting the
pitch period of the voice waveform obtained by the band
dividing and decoding means; and time-axis decom-
pressing means for time-axis decompressing the voice
waveform obtained by the band dividing and decoding
means on the basis of the pitch period detected by the
second pitch period detecting means, each of the pitch
period detecting means comprising first means for de-
tecting the pitch period of the voice waveform by taking
a predetermined number of pitch periods on the basis
of the voice waveform of a predetermined time period,
second means for judging whether the detected pitch
period is long or short on the basis of the ratio of the
detected pitch period to the predetermined time period,
third means for causing, when it is judged that the de-
tected pitch period is long, the first means to detect the
pitch period of a waveform of a predetermined number
of pitch periods subsequent to a waveform of the pre-
determined number of pitch periods detected, and fourth
means for determining, when it is judged that the detect-
ed pitch period is short, the pitch period of the waveform
of the predetermined number of pitch periods subse-
quent to the waveform of the predetermined number of
pitch periods detected to be the same as the currently
detected pitch period, and omitting the pitch period de-
tecting processing by the first means with respect to the
waveform of the predetermined number of pitch periods
subsequent to the waveform of the predetermined
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number of pitch periods detected.
[0030] A third voice signal time-axis compressing de-
vice according to the present invention is characterized
by comprising pitch period detecting means for detect-
ing the pitch period of an input voice waveform; repro-
duction speed inputting means for inputting reproduc-
tion speed information; and time-axis compressing
means for time-axis compressing the input voice wave-
form on the basis of the reproduction speed information
inputted by the reproduction speed inputting means and
the pitch period detected by the pitch period detecting
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether or not the detected pitch period is not more
than a predetermined reference value, third means for
causing, when it is judged that the detected pitch period
is more than the predetermined reference value, the first
means to detect the pitch period of a waveform of a pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected, and fourth means for determining, when it is
judged that the detected pitch period is not more than
the predetermined reference value, the pitch period of
the waveform of the predetermined number of pitch pe-
riods subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0031] It is preferable that there is provided means for
changing the reference value on the basis of the repro-
duction speed information inputted by the reproduction
speed inputting means.
[0032] A fourth voice signal time-axis compressing
device according to the present invention is character-
ized by comprising pitch period detecting means for de-
tecting the pitch period of an input voice waveform; re-
production speed inputting means for inputting repro-
duction speed information; and time-axis compressing
means for time-axis compressing the input voice wave-
form on the basis of the reproduction speed information
inputted by the reproduction speed inputting means and
the pitch period detected by the pitch period detecting
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period, third means for causing,
when it is judged that the detected pitch period is long,
the first means to detect the pitch period of a waveform

of a predetermined number of pitch periods subsequent
to a waveform of the predetermined number of pitch pe-
riods detected, and fourth means for determining, when
it is judged that the detected pitch period is short, the
pitch period of the waveform of the predetermined
number of pitch periods subsequent to the waveform of
the predetermined number of pitch periods detected to
be the same as the currently detected pitch period, and
omitting the pitch period detecting processing by the first
means with respect to the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected.
[0033] An example of the means for judging whether
the detected pitch period is long or short is one for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period and the reproduction speed
information inputted by the reproduction speed inputting
means.
[0034] A third voice signal time-axis decompressing
device according to the present invention is character-
ized by comprising pitch period detecting means for de-
tecting the pitch period of an input voice waveform; re-
production speed inputting means for inputting repro-
duction speed information; and time-axis decompress-
ing means for time-axis decompressing the input voice
waveform on the basis of the reproduction speed infor-
mation inputted by the reproduction speed inputting
means and the pitch period detected by the pitch period
detecting means, the pitch period detecting means com-
prising first means for detecting the pitch period of the
input voice waveform by taking a predetermined number
of pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether or not the detected pitch period is not more
than a predetermined reference value, third means for
causing, when it is judged that the detected pitch period
is more than the predetermined reference value, the first
means to detect the pitch period of a waveform of a pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected, and fourth means for determining, when it is
judged that the detected pitch period is not more than
the predetermined reference value, the pitch period of
the waveform of the predetermined number of pitch pe-
riods, subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0035] It is preferable that there is provided means for
changing the reference value on the basis of the repro-
duction speed information inputted by the reproduction
speed inputting means.
[0036] A fourth voice signal time-axis decompressing
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device according to the present invention is character-
ized by comprising pitch period detecting means for de-
tecting the pitch period of an input voice waveform; re-
production speed inputting means for inputting repro-
duction speed information; and time-axis decompress-
ing means for time-axis decompressing the input voice
waveform on the basis of the reproduction speed infor-
mation inputted by the reproduction speed inputting
means and the pitch period detected by the pitch period
detecting means, the pitch period detecting means com-
prising first means for detecting the pitch period of the
input voice waveform by taking a predetermined number
of pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the.
predetermined time period, third means for causing,
when it is judged that the detected pitch period is long,
the first means to detect the pitch period of a waveform
of a predetermined number of pitch periods subsequent
to a waveform of the predetermined number of pitch pe-
riods detected, and fourth means for determining, when
it is judged that the detected pitch period is short, the
pitch period of the waveform of the predetermined
number of pitch periods subsequent to the waveform of
the predetermined number of pitch periods detected to
be the same as the currently detected pitch period, and
omitting the pitch period detecting processing by the first
means with respect to the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected.
[0037] An example of the means for judging whether
the detected pitch period is long or short is one for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period and the reproduction speed
information inputted by the reproduction speed inputting
means.
[0038] An eleventh voice signal time-axis compress-
ing/decompressing device according to the present in-
vention is characterized by comprising pitch period de-
tecting means for detecting the pitch period of an input
voice waveform; reproduction speed inputting means
for inputting reproduction speed information; time-axis
compressing means for time-axis compressing the input
voice waveform on the basis of the reproduction speed
information inputted by the reproduction speed inputting
means and the pitch period detected by the pitch period
detecting means; time-axis decompressing means for
time-axis decompressing the input voice waveform on
the basis of the reproduction speed information inputted
by the reproduction speed inputting means and the pitch
period detected by the pitch period detecting means;
and switching means for switching the time-axis com-
pressing means and the time-axis decompressing
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input

voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether or not the detected pitch period is not more
than a predetermined reference value, third means for
causing, when it is judged that the detected pitch period
is more than the predetermined reference value, the first
means to detect the pitch period of a waveform of a pre-
determined number of pitch periods subsequent to a
waveform of the predetermined number of pitch periods
detected, and fourth means for determining, when it is
judged that the detected pitch period is not more than
the predetermined reference value, the pitch period of
the waveform of the predetermined number of pitch pe-
riods subsequent to the waveform of the predetermined
number of pitch periods detected to be the same as the
currently detected pitch period, and omitting the pitch
period detecting processing by the first means with re-
spect to the waveform of the predetermined number of
pitch periods subsequent to the waveform of the prede-
termined number of pitch periods detected.
[0039] It is characterized in that there is provided
means for changing the reference value on the basis of
the reproduction speed information inputted by the re-
production speed inputting means.
[0040] A twelfth voice signal time-axis compressing/
decompressing device according to the present inven-
tion is characterized by comprising pitch period detect-
ing means for detecting the pitch period of an input voice
waveform; reproduction speed inputting means for in-
putting reproduction speed information; time-axis com-
pressing means for time-axis compressing the input
voice waveform on the basis of the reproduction speed
information inputted by the reproduction speed inputting
means and the pitch period detected by the pitch period
detecting means; time-axis decompressing means for
time-axis decompressing the input voice waveform on
the basis of the reproduction speed information inputted
by the reproduction speed inputting means and the pitch
period detected by the pitch period detecting means;
and switching means for switching the time-axis com-
pressing means and the time-axis decompressing
means, the pitch period detecting means comprising
first means for detecting the pitch period of the input
voice waveform by taking a predetermined number of
pitch periods on the basis of the input voice waveform
of a predetermined time period, second means for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period, third means for causing,
when it is judged that the detected p.itch period is long,
the first means to detect the pitch period of a waveform
of a predetermined number of pitch periods subsequent
to a waveform of the predetermined number of pitch pe-
riods detected, and fourth means for determining, when
it is judged that the detected pitch period is short, the
pitch period of the waveform of the predetermined
number of pitch periods subsequent to the waveform of
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the predetermined number of pitch periods detected to
be the same as the currently detected pitch period, and
omitting the pitch period detecting processing by the first
means with respect to the waveform of the predeter-
mined number of pitch periods subsequent to the wave-
form of the predetermined number of pitch periods de-
tected.
[0041] An example of the means for judging whether
the detected pitch period is long or short is one for judg-
ing whether the detected pitch period is long or short on
the basis of the ratio of the detected pitch period to the
predetermined time period and the reproduction speed
information inputted by the reproduction speed inputting
means.

<Brief Description of Drawings>

[0042] Fig. 1 is a block diagram showing the configu-
ration of a pitch period detecting device according to the
present invention.
[0043] Fig. 2 is a flow chart for explaining time-axis
compression processing.
[0044] Fig. 3 is a flow chart showing the operations of
the pitch period detecting device according to the
present invention.
[0045] Figs. 4 (a) and 4 (b) are diagrams for explaining
time-axis compression processing.
[0046] Fig. 5 is a block diagram showing the configu-
ration of a time-axis decompressing device according to
the present invention.
[0047] Fig. 6 is a flow chart showing the operations of
the time-axis decompressing device according to the
present invention.
[0048] Fig. 7 is a diagram for explaining time-axis de-
compression processing.
[0049] Fig. 8 is a block diagram showing the configu-
ration of a time-axis compressing/decompressing de-
vice according to the present invention.
[0050] Fig. 9 is a block diagram showing the configu-
ration of a voice signal recording/reproducing apparatus
according to the present invention.
[0051] Fig. 10 is a block diagram showing the config-
uration of another voice signal recording/reproducing
apparatus according to the present invention.
[0052] Fig. 11 is a block diagram showing the config-
uration of still another voice signal recording/reproduc-
ing apparatus according to the present invention.
[0053] Fig. 12 is a block diagram showing the config-
uration of a voice signal recording/reproducing appara-
tus according to the present invention.
[0054] Figs. 13(a) and 13(b) are diagrams for explain-
ing the effect of reducing strain.
[0055] Figs. 14(a) and 14(b) are diagrams showing
conventional time-axis compression processing.

<Best Mode for Carrying Out the Invention>

[0056] Referring now to Figs. 1 to 10, embodiments

of the present invention will be described.

[1] Description of First Embodiment

[0057] Fig. 1 illustrates the configuration of a repro-
ducing apparatus for performing fast listening(fast for-
ward reproduction) of a voice signal.
[0058] Reference numeral 1 denotes pitch period de-
tecting means for detecting a pitch period Tp represent-
ing the voice height of an inputted digital voice signal
(hereinafter referred to as a "voice signal") . The pitch
period detecting means 1 detects the pitch period Tp by
a pitch period detecting method using well-known auto-
correlation. The pitch period detecting means 1 detects
the pitch period Tp on the basis of an input voice signal
corresponding to a time period Ts by performing pitch
period detecting processing once. Let Tp be the pitch
period of each of voice signals corresponding to two
pitch periods (2Tp) from the head of the input voice sig-
nal corresponding to the time period Ts. The pitch period
detected by the pitch period detecting means 1 is fed to
a switch 5 and is fed to a buffer 3.
[0059] The buffer 3 temporarily stores the newest
pitch period found by the pitch period detecting means
1. The switch 5 is for selecting one of the pitch period
Tp obtained by the pitch period detecting means 1 and
the pitch period Tp most newly detected in the past
which is stored'in the buffer 3 and feeding the selected
pitch period to time-axis compressing means 4. When
the switch 5 is switched to a contact a, the pitch period
Tp obtained by the pitch period detecting means 1 is fed
to the time-axis compressing means 4. When the switch
5 is switched to a contact b, the pitch period Tp most
newly detected in the past which is stored. in the buffer
3 is fed to the time-axis compressing means 4.
[0060] Reference numeral 2 denotes pitch period
judging means for judging whether or not a branching
variable upd calculated on the basis of the pitch period
Tp detected by the pitch period detecting means 1 and
a reproduction speed set by reproduction speed setting
means 7 is larger than a threshold SH set by threshold
setting means 6 and switching the switch 5 on the basis
of the results of the judgment.
[0061] The pitch period judging means 2 switches the
switch 5 to the contact a when the branching variable
upd is more than the threshold SH, while switching the
switch 5 to the contact b when the branching variable
upd is not more than the threshold SH.
[0062] The time-axis compressing means 4 subjects
the input voice signal to time-axis compression process-
ing on the basis of the pitch period fed from the switch
5. The time-axis compressing means 4 performs the fol-
lowing time-axis compression processing when the re-
production speed is twice the standard speed, for ex-
ample. That is, respective voice waveforms A and B of
first pitch periods Tp from the input voice signal corre-
sponding to the time period Ts are cut down, as shown
in Fig. 2. A waveform A' obtained by multiplexing the cut
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waveform A by a weighting factor S1 which linearly
changes from one to zero and a waveform B' obtained
by multiplexing the cut waveform B by a weighting factor
S2 which linearly changes from zero to one are pro-
duced. The obtained waveforms A' and B' are added, to
obtain a waveform C of one pitch period Tp.
[0063] Fig. 3 shows the operations of the reproducing
apparatus shown in Fig. 1.
[0064] A user first operates the reproduction speed
setting means 7 to set a reproduction speed (step 1).
Set reproduction speed information is fed to the pitch
period judging means 2. The reproduction speed may
be set by the user selecting a desired reproduction
speed from previously determined patterns, for exam-
ple, 1.0 times the standard speed to 2.0 times the stand-
ard speed or may be set by the user numerically entering
the reproduction speed.
[0065] When the reproduction speed is set, a thresh-
old SH is set, and the initial value of a branching variable
upd is set (step 2). As the threshold SH, a time period
for detecting pitch periods Tp (a time period for finding
auto-correlation) Ts is set. Here, 240 (samples) shall be
set. As the initial value of the branching variable upd, a
value larger than the threshold SH (the threshold SH <
the branching variable upd) is set. Here, 300 (samples)
shall be set as the initial value of the branching variable
upd. "Sample" means the number of voice signals sam-
pled in accordance with a desired sampling frequency
when a voice signal is a digital signal.
[0066] Description is now made of a case where twice
the standard speed is set as the reproduction speed.
[0067] When the threshold SH and the initial value of
the branching variable upd are set, the pitch period de-
tecting means 1 and the time-axis compressing means
4 start to read an input voice signal (step 3).
[0068] At the step 3 first carried out after the repro-
duction operation is started, the reading of input voice
signals which are 240 samples corresponding to the
time period Ts for detecting pitch periods is started. At
the step 3 second and later carried out, the reading of
input voice signals corresponding to the number of sam-
ples which have been compressed at the step 8, de-
scribed later, is started. When data corresponding to
100 samples, for example, are compressed, the reading
of the data corresponding to 100 samples is started at
the step 3 next carried out.
[0069] The pitch period judging means 2 2 compares
the branching variable upd with the threshold SH (step
4). Ts < upd immediately after the initial value of the
branching variable upd is set at the step 2. At the step
4 first carried out, therefore, it is judged that the branch-
ing variable upd is more than the threshold SH. There-
after, the program proceeds to the step 5. At the step 5,
the switch 5 is switched to the contact a. Further, the
pitch period detecting processing by the pitch period de-
tecting means 1 is performed (step 6). That is, the pitch
period Tp is detected on the basis of voice signals cor-
responding to two pitch periods included in the time pe-

riod Ts. The pitch period Tp obtained by the pitch period
detecting means 1 is fed to the time-axis compressing
means 4 through the switch 5, and is fed to the buffer 3
and stored therein.
[0070] The branching variable upd is updated to a fac-
tor Q1 times Tp (Q1 3 Tp) (step 7). The factor Q1 is a
value determined by the set reproduction speed, and is
set to "4" when the reproduction speed is twice the
standard speed, as shown in Table 1. Thereafter, the
time-axis compressing means 4 subjects the input voice
signal whose pitch period has been found to time-axis
compression processing on the basis of the pitch period
Tp fed from the pitch period detecting means 1 through
the switch 5 (step 8).

[0071] The time-axis compressing means 4 performs
time-axis compression processing corresponding to the
reproduction speed. In this case, the reproduction
speed is twice the standard speed. Accordingly, the
time-axis compression processing, described using Fig.
2, is performed.
[0072] Thereafter, it is judged whether or not the re-
production processing is terminated (step 9). The repro-
duction processing is terminated when the user oper-
ates a stop button (not shown) so as to stop the repro-
duction of a voice, for example.
[0073] When the reproduction processing is not ter-
minated (NO at step 9), the program is returned to the
step 3. At the step 3, the reading of the input voice sig-
nals is started. The branching variable upd and the
threshold SH are compared with each other (step 4). At
the step 4 second carried out, used as the branching
variable upd is the branching variable (upd = Q1 3 Tp)
obtained by the updating at the step 7. That is, it is
judged whether or not Q1 times the pitch, period Tp de-
tected last time is larger than the time period Ts for de-
tecting pitch periods (= the threshold SH). When the re-
production speed is twice the standard speed, it is
judged whether or not four times the pitch period Tp de-
tected last time is larger than the threshold SH.
[0074] When the branching variable upd is more than
the threshold SH, it is judged that the pitch period is rel-
atively long. Accordingly, the processing at the steps 5
to 9 is performed again. Thereafter, the program is re-
turned to the step 3. The processing at the steps 3 to 9
is repeatedly performed until it is judged at the step 4
that the branching variable upd is not more than the

 Table 1

reproduction speed Q1 Q2

2.0 4 2

1.75 4.5 2

1.5 5 2

1.3 6 2

1.2 6 2
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threshold SH.
[0075] When it is judged at the step 4 that the branch-
ing variable upd is not more than the threshold SH, it is
judged that the pitch period is relatively short. Accord-
ingly, pitch detecting processing for an input voice wave-
form of two pitch periods subsequent to an input voice
waveform of two pitch periods found last time is omitted.
That is, it is assumed that the same pitch period as the
pitch period found last time is further repeated twice. In
this case, in order to perform time-axis compression
processing, considering the pitch period most newly de-
tected in the past which is stored in the buffer 3 as the
pitch period of input voice signals corresponding to two
pitch periods to be currently found, the switch 5 is
switched to the contact b (step 10).
[0076] Furthermore, the branching variable upd is up-
dated to a value {upd + (Q2 3 Tp)} obtained by adding
Q2 times the pitch period Tp most newly detected at the
step 6 to the current branching variable upd (step 11).
[0077] Q2 is determined as "2" irrespective of the set
reproduction speed, as shown in Table 1. Letting Tp be
the pitch period most newly detected at the step 6, there-
fore, the branching variable upd is updated to 6 Tp at
the step 11.
[0078] Thereafter, the time-axis compressing means
4 subjects the input voice signal to time-axis compres-
sion processing on the basis of the pitch period Tp fed
from the buffer 3 through the switch 5 (step 8). When
the reproduction processing is not terminated (NO at
step 9), the program is returned to the step 3. At the step
3, the reading of the input voice signals is started.
[0079] Processing at the steps 3, 4, 10, 11, 8, and 9
is repeated until it is judged at the step 4 that the branch-
ing variable upd is more than the threshold SH. In this
case, the branching variable is updated to a value which
is larger by (2Tp) at the step 11.
[0080] As described in the foregoing, when it is judged
at the step 4 that the branching variable upd is not more
than the threshold SH, no pitch period detecting
processing is performed. Further, the switch 5 is
switched to the contact b. Accordingly, the time-axis
compression processing is performed on the basis of
the pitch period most newly detected which is stored in
the buffer 3.
[0081] By repeating the foregoing processing, when
the pitch period Tp is short, as shown in Fig. 4 (a), the
necessity of detecting the pitch period is eliminated with
respect to the voice waveform of two pitch periods sub-
sequent to the voice waveform of two pitch periods de-
tected. Accordingly, a processing load on the pitch pe-
riod detecting means 1 is reduced.
[0082] On the other hand, when the pitch period Tp is
long, as shown in Fig. 4 (b), the number of times of pitch
period detecting processing per unit time is small. Ac-
cordingly, a processing load on the pitch period detect-
ing means 1 is not changed from before.
[0083] As shown in Table 1, the reason why the factor
Q1 by which the variable Tp is multiplexed is changed

depending on the reproduction speed (reproduction
speed information from the reproduction speed setting
means) will be described.
[0084] When the reproduction speed is twice the
standard speed, for example, a waveform of the first
pitch period and a waveform of the second pitch period
are compressed into one waveform, to constitute the
first output waveform, and a waveform of the third pitch
period and a waveform of the fourth pitch period are then
compressed, to constitute the second output waveform,
as shown in Fig. 13 (a). If waveforms of four or more
pitch periods are included in a time period Ts for detect-
ing pitch periods (= a threshold SH), therefore, the pitch
period need not be detected when the second output
waveform is produced. Therefore, the factor Q1 by
which the variable Tp is multiplexed is taken as "4", as
shown in Table 1.
[0085] When the reproduction speed is 1.5 times the
standard speed, for example, a waveform of the first
pitch period and a waveform of the second pitch period
are compressed into one waveform, to constitute the
first output waveform, a waveform of the third pitch pe-
riod is then taken as the second output waveform as it
is, and a waveform of the fourth pitch period and a wave-
form of the fifth pitch period are then compressed, to
constitute the third output waveform, as shown in Fig.
13 (b). If waveforms of five or more pitch periods are
included in a range in which pitch periods are detected,
therefore, the pitch period need not be detected when
the second and third output waveforms are produced.
Therefore, the factor Q1 by which the variable Tp is mul-
tiplexed is taken as "5", as shown in Table 1.
[0086] Suitable factors are respectively given in the
same manner as that with respect to the other reproduc-
tion speeds. That is, it can be confirmed that strain is
reduced by setting the factor by which the variable Tp
is multiplexed to the most suitable value.
[0087] In Table 1, the factor Q1 by which the variable
Tp is multiplexed is changed depending on the repro-
duction speed information from the reproduction speed
setting means. Alternatively, the threshold SH used at
the step 4 may be changed depending on the reproduc-
tion speed, in which case substantially the same results
can be realized.

[2] Description of Second Embodiment

[0088] Although in the above-mentioned first embod-
iment, description was made of a case where an input-
ted voice signal is time-axis compressed, the present
invention is not limited to the same. The present inven-
tion is also applicable to a case where an inputted voice
signal is time-axis decompressed.
[0089] Fig. 5 illustrates the configuration of a repro-
ducing apparatus for performing slow listening (slow re-
production) of a voice signal. In Fig. 5, units correspond-
ing to those shown in Fig. 1 are assigned the same ref-
erence numerals.

21 22



EP 1 136 981 A1

13

5

10

15

20

25

30

35

40

45

50

55

[0090] In the reproducing apparatus, the time-axis
compressing means 4 shown in Fig. 1 is replaced with
a time-axis decompressing means 8.
[0091] The time-axis decompressing means 8 per-
forms the following time-axis decompression process-
ing when the reproduction speed is one-half the stand-
ard speed, for example. That is, a voice waveform of
three pitch periods is cut down, as shown in Fig. 7. A
waveform A of the two pitch periods on the front side is
multiplexed by a weighting factor S1 which linearly
changes from zero to one, for example, to produce a
waveform A' of the two pitch periods. Further, a wave-
form B of the two pitch periods on the rear side is mul-
tiplexed by a weighting factor S2 which linearly changes
from one to zero, for example, to produce a waveform
B' of the two pitch periods. The obtained waveforms A'
and B' are added, to obtain a waveform of two pitch pe-
riods comprising a waveform D of one pitch period and
a waveform E of one pitch period.
[0092] A voice waveform of three pitch periods is then
cut down in the same manner as described above from
a point which is moved rightward by one pitch period, to
obtain a waveform of two pitch periods. That is, the
waveform of two pitch periods is obtained for each
movement by one pitch period. Accordingly, the repro-
duction speed is one-half the standard speed.
[0093] The voice waveform of three pitch periods is
then cut down from a position which is shifted by one
pitch period, and the waveform of two pitch periods on
the front side and the waveform of two pitch periods on
the rear side are respectively multiplexed by weights in-
dicated by broken lines, and the results of the multipli-
cation are added together, to obtain a waveform of two
pitch periods.
[0094] The voice waveform of three pitch periods is
cut down from the position which is shifted by one pitch
period to perform the same processing, thereby convert-
ing the waveform of one pitch period into the waveform
of two pitch periods. Consequently, it is possible to per-
form slow listening.
[0095] Fig. 6 shows the operations of the reproducing
apparatus shown in Fig. 5.
[0096] A user first operates reproduction speed set-
ting means 7 to set a reproduction speed (step 21). Set
reproduction speed information is fed to pitch period
judging means 2.
[0097] When the reproduction speed is set, a thresh-
old SH is set, and the initial value of a branching variable
upd is set (step 22) . As the threshold SH, a time period
for detecting pitch periods (a time period for finding an
auto-correlation value) Ts is set. Here, 240 (samples)
shall be set. As the initial value of the branching variable
upd, a value larger than the threshold SH (the threshold
SH < the branching variable upd) is set. Here, 300 (sam-
ples) shall be set as the initial value of the branching
variable upd.
[0098] Description is now made of a case where 0.5
times the standard speed is set as the reproduction

speed.
[0099] When the threshold SH and the initial value of
the branching variable upd are set, the pitch period de-
tecting means 1 and the time-axis compressing means
4 start to read an input voice signal (step 23).
[0100] At the step 23 first carried out after the repro-
duction operation is started, the reading of input voice
signals which are 240 samples corresponding to the
time period Ts for detecting pitch periods is started. At
the step 23 second and later carried out, the reading of
input voice signals corresponding to the number of sam-
ples which have been decompressed is started. When
data corresponding to 100 samples, for example, are
decompressed, the reading of the data corresponding
to 100 samples is started at the step 3 next carried out.
[0101] The pitch period judging means 2 compares
the branching variable upd with the threshold SH (step
24) . Ts < upd immediately after the initial value of the
branching variable upd is set at the step 22. At the step
24 first carried out, therefore, it is judged that the branch-
ing variable upd is more than the threshold SH. There-
after, the program proceeds to the step 25. At the step
25, a switch 5 is switched to a contact a. Further, pitch
period detecting processing by pitch period detecting
means 1 is performed (step 26). The pitch period Tp ob-
tained by the pitch period detecting means 1 is fed to
the time-axis decompressing means 8 through the
switch 5, and is fed to a buffer 3 and stored therein.
[0102] The branching variable upd is updated to a fac-
tor Q1' times Tp (Q1' 3 Tp) (step 27) . The factor Q1' is
a value determined by the set reproduction speed, and
is set to "3" when the reproduction speed is 0.5 times
the standard speed, as shown in Table 2. Thereafter, the
time-axis decompressing means 8 subjects an input
voice signal to time-axis decompression processing on
the basis of the pitch period Tp fed from the pitch period
detecting means 1 through the switch 5 (step 28).

[0103] The time-axis decompressing means 8 per-
forms time-axis decompression processing correspond-
ing to the reproduction speed. In this case, the repro-
duction speed is 0.5 times the standard speed. Accord-
ingly, the time-axis decompression processing, de-
scribed using Fig. 7, is performed.
[0104] Thereafter, it is judged whether or not the re-
production processing is terminated (step 29). When the
reproduction processing is not terminated (No at step

 Table 2

reproduction speed Q1' Q2'

0.8 6 2

0.75 5 2

0.7 4 2

0.6 3.5 1.5

0.5 3 1
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29), the program is returned to the step 23. At the step
23, the reading of input voice signals is started. The
branching variable upd and the unit time Ts are com-
pared with each other (step 24). At the step 24 second
carried out, used as the branching variable upd is the
branching variable (upd = Q1' 3 Tp) obtained by the up-
dating at the step 27. That is, it is judged whether or not
Q1' times the pitch period Tp detected last time is larger
than the time period Ts for detecting pitch periods (= the
threshold SH). When the reproduction speed is 0.5
times the standard speed, it is judged whether o,r not
three times the pitch period Tp detected last time is larg-
er than the threshold SH.
[0105] When the branching variable upd is more than
the threshold SH, it is judged that the pitch period is rel-
atively long. Accordingly, the processing at the steps 25
to 29 is performed again. Thereafter, the program is re-
turned to the step 23. The processing at the steps 23 to
29 is repeatedly performed until it is judged at the step
24 that the branching variable upd is not more than the
threshold SH.
[0106] When it is judged at the step 24 that the
branching variable upd is not more than the threshold
SH, it is judged that the pitch period is relatively short.
Accordingly, pitch detecting processing for an input
voice waveform of one pitch period subsequent to an
input voice waveform of three pitch periods used in the
last decompression processing is omitted. That is, it is
assumed that the same pitch period as the pitch period
found last time is further repeated once. In this case, in
order to perform time-axis decompression processing,
considering the pitch period most newly detected in the
past which is stored in the buffer 3 as the pitch period
of the input voice signal corresponding to one pitch pe-
riod to be currently found, the switch 5 is switched to a
contact b (step 30).
[0107] Furthermore, the branching variable upd is up-
dated to a value {upd + (Q2' 3 Tp)} obtained by adding
Q2' times the pitch period Tp most newly detected at the
step 26 to the current branching variable upd (step 31).
[0108] The factor Q2' is a value determined by the set
reproduction speed, as shown in Table 2. When the re-
production speed is 0.5 times the standard speed, the
factor Q2' is set to "2" . Letting Tp be the pitch period
most newly detected at the step 26, therefore, the
branching variable upd is updated to 4 Tp at the step 31.
[0109] Thereafter, the time-axis compressing means
8 subjects the input voice signal to time-axis decom-
pression processing on the basis of the pitch period Tp
fed from the buffer 3 through the switch 5 (step 28).
When the reproduction processing is not terminated
(NO at step 29), the program is returned to the step 23.
At the step 23, the reading of the input voice signals is
started.
[0110] Processing at the steps 23, 24, 30, 31, 28, and
29 is repeated until it is judged at the step 24 that the
branching variable upd is more than the threshold SH.
In this case, the branching variable is updated to a value

which is larger by 1Tp at the step 31.
[0111] As described in the foregoing, when it is judged
at the step 24 that the branching variable upd is not more
than the threshold SH, no pitch period detecting
processing is performed. Further, the switch 5 is
switched to the contact b. Accordingly, the time-axis de-
compression processing is performed on the basis of
the pitch period most newly detected which is stored in
the buffer 3.
[0112] That is, when the pitch period is short, the ne-
cessity of detecting the pitch period of the voice signal
at the step 26 is eliminated. Accordingly, a processing
load on the pitch period detecting means 1 is reduced.

[3] Description of Third Embodiment

[0113] Fig. 8 illustrates the configuration of a repro-
ducing apparatus for performing fast listening of a voice
signal and slow listening of a voice signal.
[0114] In Fig. 8, reference numeral 12 denotes AD-
PCM (Adaptive Differential Pulse Code Modulation)
coding means for coding an inputted voice signal by ex-
isting ADPCM processing. Reference numeral 9 de-
notes a memory storing a signal coded by the ADPCM
coding means 12. Reference numeral 13 denotes AD-
PCM decoding means for decoding the signal from the
memory 9.
[0115] Reference numeral 15 denotes a fast listening
reproducing apparatus described in Fig. 1. Reference
numeral 16 denotes a slow listening reproducing appa-
ratus described in Fig. 5. Reference numeral 14 denotes
selecting means for selecting either one of the fast lis-
tening reproducing apparatus 15 and the slow listening
reproducing apparatus 16.
[0116] When the fast listening reproducing apparatus
15 is selected by the selecting means 14, the signal from
the ADPCM decoding means 13 is fed to the fast listen-
ing reproducing apparatus 15, where time-axis com-
pression processing is performed. In this case, there-
fore, an output signal for fast listening is obtained.
[0117] When the slow listening reproducing appara-
tus 16 is selected by the selecting means 14, the signal
from the ADPCM decoding means 13 is fed to the slow
listening reproducing apparatus 16, where time-axis de-
compression processing is performed. In this case,
therefore, an output signal for slow listening is obtained.

[4] Description of Fourth Embodiment

[0118] Fig. 9 illustrates an audio recording/reproduc-
ing apparatus.
[0119] In Fig. 9, the same units as those shown in Fig.
1 are assigned the same reference numerals and
hence, the description thereof is not repeated.
[0120] In the voice signal recording/reproducing ap-
paratus, a memory 9 and time-axis decompressing
means 8 are added to the reproducing apparatus shown
in Fig. 1. At the time of recording, a voice signal which
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has been time-axis compressed by time-axis compress-
ing means 4 and a pitch period used in the case of time-
axis compression are stored in the memory 9.
[0121] At the time of reproduction, the voice signal
which has been time-axis compressed and the pitch pe-
riod are read out of the memory 9, and are fed to the
time-axis decompressing means 8. The time-axis de-
compressing means 8 decompresses and outputs the
voice signal, which has been time-axis compressed,
read out of the memory 9 on the basis of the pitch period
read out of the memory 9.
[0122] The audio recording/reproducing apparatus is
an apparatus for not performing fast listening or slow
listening of a voice signal but recording a lot of voice
signals in a small number of memories by storing the
voice signal in the memory with the voice signal time-
axis compressed.

[5] Description of Fifth Embodiment

[0123] Fig. 10 illustrates an audio recording/reproduc-
ing apparatus.
[0124] In Fig. 10, the same units as those shown in
Fig. 9 are assigned the same reference numerals and
hence, the description thereof is not repeated.
[0125] The voice signal recording/reproducing appa-
ratus differs from the recording/reproducing apparatus
shown in Fig. 9 in that a pitch period detecting device
for detecting a pitch period used when time-axis decom-
pression processing is performed by time-axis decom-
pressing means 8 on the basis of a voice signal read out
of a memory 9 is added, and only a voice signal which
has been time-axis compressed by time-axis compress-
ing means 4 is stored and a pitch period used in the case
of the time-axis compression is not stored in the memory
9.
[0126] The added pitch period detecting device com-
prises pitch period detecting means 21, pitch period
judging means 22, a buffer 23, threshold setting means
25, and a switch 24, and detects a pitch period in the
same method as the pitch period detecting method de-
scribed in Fig. 3 or 6. In the audio recording/reproducing
apparatus, the pitch period need not be stored in the
memory 9, thereby making it possible to reduce the ca-
pacity of the memory 9, as compared with that in the
recording/reproducing apparatus shown in Fig. 9.

[6] Description of Sixth Embodiment

[0127] Fig. 11 illustrates an audio recording/reproduc-
ing apparatus. Band dividing and coding means 10 and
band dividing and decoding means 11 are further added
to the audio recording/reproducing apparatus shown in
Fig. 9.
[0128] In the audio recording/reproducing apparatus,
a voice signal which has been compressed along, time-
axis by time-axis compressing means 4 is also com-
pressed along the frequency band by the band dividing

and coding means 10, thereby making it possible to re-
duce the capacity of the memory 9, as compared with
that in the recording/reproducing apparatus shown in
Fig. 9.

[7] Description of Seventh Embodiment

[0129] Fig. 12 illustrates an audio recording/reproduc-
ing apparatus. The audio recording/reproducing appa-
ratus differs from the audio recording/reproducing ap-
paratus shown in Fig. 11 in that a pitch period detecting
device for detecting a pitch period used when time-axis
decompression processing is performed by time-axis
decompressing means 8 on the basis of a voice signal
read out of a memory 9 is added, and only a voice signal
which has been time-axis compressed by time-axis
compressing means 4 is stored and a pitch period used
in the case of the time-axis compression . is not stored
in the memory 9.
[0130] The added pitch period detecting device com-
prises pitch period detecting means 21, pitch period
judging means 22, a buffer 23, threshold setting means
25, and a switch 24, and detects a pitch period in the
same method as the pitch period detecting method de-
scribed in Fig. 3 or 6. In the audio recording/reproducing
apparatus, the pitch period need not be stored in the
memory 9, thereby making it possible to reduce the ca-
pacity of the memory 9, as compared with that in the
recording/reproducing apparatus shown in Fig. 11.

Claims

1. In a voice signal pitch period detecting method for
detecting the pitch period of an input voice wave-
form by taking a predetermined number of pitch pe-
riods on the basis of the input voice waveform of a
predetermined time period, a voice signal pitch pe-
riod detecting method characterized by

reducing, when the detected pitch period is
not more than a predetermined reference value, the
number of times of pitch period detecting process-
ing by considering the pitch period of a waveform
of a predetermined number of pitch periods subse-
quent to a waveform of the predetermined number
of pitch periods detected the same as the currently
detected pitch period.

2. In a voice signal pitch period detecting method for
detecting the pitch period of an input voice wave-
form by taking a predetermined number of pitch pe-
riods on the basis of the input voice waveform of a
predetermined time period, a voice signal pitch pe-
riod detecting method characterized by

judging whether the detected pitch period is
long or short on the basis of the ratio of the detected
pitch period to said predetermined time period, and
reducing, when it is judged that the detected pitch
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period is short, the number of times of pitch period
detecting processing by considering the pitch peri-
od of a waveform of a predetermined number of
pitch periods subsequent to a waveform of the pre-
determined number of pitch periods detected the
same as the detected pitch period.

3. A pitch period detecting device comprising:

first means for detecting the pitch period of an
input voice waveform by taking a predeter-
mined number of pitch periods on the basis of
the input voice waveform of a predetermined
time period;
second means for judging whether or not the
detected pitch period is not more than a prede-
termined reference value;
third means for causing, when it is judged that
the detected pitch period is more than the pre-
determined reference value, the first means to
detect the pitch period of a waveform of a pre-
determined number of pitch periods subse-
quent to a waveform of the predetermined
number of pitch periods detected; and
fourth means for determining, when it is judged
that the detected pitch period is not more than
the predetermined reference value, the pitch
period of the waveform of the predetermined
number of pitch periods subsequent to the
waveform of the predetermined number of pitch
periods detected to be the same as the current-
ly detected pitch period, and omitting the pitch
period detecting processing by the first means
with respect to the waveform of the predeter-
mined number of pitch periods subsequent to
the waveform of the predetermined number of
pitch periods detected.

4. A pitch period detecting device comprising:

first means for detecting the pitch period of an
input voice waveform by taking a predeter-
mined number of pitch periods on the basis of
the input voice waveform of a predetermined
time period;
second means for judging whether the detected
pitch period is long or short on the basis of the
ratio of the detected pitch period to said prede-
termined time period;
third means for causing, when it is judged that
the detected pitch period is long, the first means
to detect the pitch period of a waveform of a
predetermined number of pitch periods subse-
quent to a waveform of the predetermined
number of pitch periods detected; and
fourth means for determining, when it is judged
that the detected pitch period is short, the pitch
period of the waveform of the predetermined

number of pitch periods subsequent to the
waveform of the predetermined number of pitch
periods detected to be the same as the current-
ly detected pitch period, and omitting the pitch
period detecting processing by the first means
with respect to the waveform of the predeter-
mined number of pitch periods subsequent to
the waveform of the predetermined number of
pitch periods detected.

5. A voice signal time-axis compressing device com-
prising:

pitch period detecting means for detecting the
pitch period of an input voice waveform; and
time-axis compressing means for time-axis
compressing the input voice waveform on the
basis of the pitch period detected by the pitch
period detecting means,
the pitch period detecting means comprising
first means for detecting the pitch period of the
input voice waveform by taking a predeter-
mined number of pitch periods on the basis of
the input voice waveform of a predetermined
time period,
second means for judging whether or not the
detected pitch period is not more than a prede-
termined reference value,
third means for causing, when it is judged that
the detected pitch period is more than the pre-
determined reference value, the first means to
detect the pitch period of a waveform of a pre-
determined number of pitch periods subse-
quent to a waveform of the predetermined
number of pitch periods detected, and
fourth means for determining, when it is judged
that the detected pitch period is not more than
the predetermined reference value, the pitch
period of the waveform of the predetermined
number of pitch periods subsequent to the
waveform of the predetermined number of pitch
periods detected to be the same as the current-
ly detected pitch period, and omitting the pitch
period detecting processing by the first means
with respect to the waveform of the predeter-
mined number of pitch periods subsequent to
the waveform of the predetermined number of
pitch periods detected.

6. A voice signal time-axis compressing device com-
prising:

pitch period detecting means for detecting the
pitch period of an input voice waveform; and
time-axis compressing means for time-axis
compressing the input voice waveform on the
basis of the pitch period detected by the pitch
period detecting means,
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the pitch period detecting means comprising
first means for detecting the pitch period of the
input voice waveform by taking a predeter-
mined number of pitch periods on the basis of
the input voice waveform of a predetermined
time period,
second means for judging whether the detected
pitch period is long or short on the basis of the
ratio of the detected pitch period to said prede-
termined time period;
third means for causing, when it is judged that
the detected pitch period is long, the first means
to detect the pitch period of a waveform of a
predetermined number of pitch periods subse-
quent to a waveform of the predetermined
number of pitch periods detected, and
fourth means for determining, when it is judged
that the detected pitch period is short, the pitch
period of the waveform of the predetermined
number of pitch periods subsequent to the
waveform of the predetermined number of pitch
periods detected to be the same as the current-
ly detected pitch period, and omitting the pitch
period detecting processing by the first means
with respect to the waveform of the predeter-
mined number of pitch periods subsequent to
the waveform of the predetermined number of
pitch periods detected.

7. A voice signal time-axis decompressing device
comprising:

pitch period detecting means for detecting the
pitch period of an input voice waveform; and
time-axis decompressing means for time-axis
decompressing the input voice waveform on
the basis of the pitch period detected by the.
pitch period detecting means,
the pitch period detecting means comprising
first means for detecting the pitch period of the
input voice waveform by taking a predeter-
mined number of pitch periods on the basis of
the input voice waveform of a predetermined
time period,
second means for judging whether or not the
detected pitch period is not more than a prede-
termined reference value,
third means for causing, when it is judged that
the detected pitch period is more than the pre-
determined reference value, the first means to
detect the pitch period of a waveform of a pre-
determined number of pitch periods subse-
quent to a waveform of the predetermined
number of pitch periods detected, and
fourth means for determining, when it is judged
that the detected pitch period is not more than
the predetermined reference value, the pitch
period of the waveform of the predetermined

number of pitch periods subsequent to the
waveform of the predetermined number of pitch
periods detected to be the same as the current-
ly detected pitch period, and omitting the pitch
period detecting processing by the first means
with respect to the waveform of the predeter-
mined number of pitch periods subsequent to
the waveform of the predetermined number of
pitch periods detected.

8. A voice signal time-axis decompressing device
comprising:

pitch period detecting means for detecting the
pitch period of an input voice waveform; and
time-axis decompressing means for time-axis
decompressing the input voice waveform on
the basis of the pitch period detected by the
pitch period detecting means,
the pitch period detecting means comprising
first means for detecting the pitch period of the
input voice waveform by taking a predeter-
mined number of pitch periods on the basis of
the input voice waveform of a predetermined
time period,
second means for judging whether the detected
pitch period is long or short on the basis of the
ratio of the detected pitch period to said prede-
termined time period;
third means for causing, when it is judged that
the detected pitch period is long, the first means
to detect the pitch period of a waveform of a
predetermined number of pitch periods subse-
quent to a waveform of the predetermined
number of pitch periods detected, and
fourth means for determining, when it is judged
that the detected pitch period is short, the pitch
period of the waveform of the predetermined
number of pitch periods subsequent to the
waveform of the predetermined number of pitch
periods detected to be the same as the current-
ly detected pitch period, and omitting the pitch
period detecting processing by the first means
with respect to the waveform of the predeter-
mined number of pitch periods subsequent to
the waveform of the predetermined number of
pitch periods detected.
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