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(57)  Ofthe acoustic signals held in a data-recording
section 1, the input acoustic signal s1 (sampled for max.
pitch cycle X 2) is read from the process-start position
P. A low-pass filter 7 controls the high-band component
of the acoustic signal s1. An decimation section 8 per-

forms appropriate down-sampling on the signal output
from the low-pass filter 7. The signal, thus down-sam-
pled, is read into a signal buffer section 9. A down-sam-
pled, input acoustic signal s2 is transferred from the sig-
nal buffer section 9 to a pitch-calculating section 3,
which calculates a pitch cycle s3.
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Description

[0001] The present invention relates to an apparatus and method which convert the acoustic-signal reproducing
speed by processing a small amount of data.

[0002] Various techniques of converting the speed of reproducing digital PCM acoustic signals from a given recording
medium are known. Of these techniques, a method such as redundant addition wherein the motion of a pointer is
controlled, PICOLA (Pointer Interval Controlled Over Lap and Add) is generally utilized.

[0003] A reproducing-speed converting apparatus will be described, which generates R-fold acoustic signals from
source acoustic signals by means of redundant addition achieved by controlling the motion of a pointer (PICOLA sys-
tem). R is a constant that represents the rate of converting the reproducing speed. R is greater than one (R > 1) in the
case of high-speed reproduction of acoustic signals. R is equal to or less than one in the case of low-speed reproduction
of acoustic signals. FIG. 1 is a block diagram showing the reproducing-speed converting apparatus.

[0004] The reproducing-speed converting apparatus comprises a data-recording section 1, an input buffer section
2, a pitch-calculating section 3, a process control section 4, a data-operating section 5, and a data-accumulating section
6. The data-recording section 1 records acoustic signals and holds the same. The input buffer section 2 receives an
input acoustic signal s1 from the data-recording section

1. The signal s1 (sampled for max. pitch cycle x 2) has been generated from a process-start position P. The input buffer
section 2 transfers an acoustic signal s2 for finding a pitch, to the pitch-calculating section 3. The pitch-calculating
section 3 calculates a pitch cycle s3, which is supplied to the process control 4. Under the control of the process control
section 4, the input buffer section 2 transfers a signal s4, to the data-operating section 5. The data-operating section
5 performs a prescribed process on the signal s4 to achieve high-speed reproduction or low-speed reproduction, there-
by generating an operation process signal s5. The signal s5 is supplied via the input buffer section 2 to the data-
accumulating section 6. In the meantime, the process control section 4 supplies a process control signal s6 to the input
buffer section 2. Further, the process control section 4 supplies a data-read control signal s7 to the data-recording
section 1.

[0005] How the conventional reproducing-speed converting apparatus, which is a PICOLA system, accomplishes
high-speed reproduction and how-speed reproduction will be described below.

[0006] The high-speed reproduction will be first explained, with reference to FIGS. 2 to 4. First, of the acoustic signals
held in the data-recording section 1, an input acoustic signal s1 (sampled for max. pitch cycle x 2) is read from the
process-start position P shown in FIG. 2, into the input buffer section 2. The signal s1 is transferred from the section
2 to the pitch-calculating section 3.

[0007] The pitch-calculating section 3 calculates a pitch cycle s3. More specifically, the section 3 generates a pitch
cycle s3 (T0) that minimizes the mean distortion d (T) defined by the following equation (1):

(equation 1)

T-1
d(T)= %Z x(N-x(i+ T}, T s T< T (1)

=0

[0008] The input buffer 2 transfers an acoustic signal, or a signal s4, to the data-operating section 5. The signal s4
is based on the pitch cycle s3 (T0) the pitch-calculating section 3 has calculated in accordance with the equation (1).
The signal s4 lasts for 2 pitch cycles from the process-start position P.

[0009] The acoustic signal s4 lasting for 2 pitch cycles (2 X TO0), read into the data-operating section 5, is subjected
to weight-adding process that is performed in accordance with the weight-window data shown in FIG. 3. The section
5 generates a weight-added signal, or an operation process signal a5 that lasts for 1 pitch cycle (TO sample).

[0010] Then, the process control section 4 calculates a length L of a reproduced signal (TO sample), in accordance
with the rate R (R > 1) of converting the reproducing speed. The length L is defined by the following equation (2):
(equation 2)

_ 1
L=TyX z )

[0011] The reproduction-signal length L calculated in accordance with the equation (2) may be longer than the pitch
cycle TO (1 <R < 2). In this case, the acoustic signal (i.e., operation process signal s5) generated by the data-operating
section 5 and lasting for one pitch cycle (i.e., TO sample) is transferred to the data-accumulating section 6. Moreover,
other input acoustic signals are transferred from the input buffer section 2 to the data-accumulating section 6, so that
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all samples transferred to the data-accumulating section 6 define the reproduction-signal length L.

[0012] The length defined by the input acoustic signals read into the input buffer section 2 may be shorter than the
reproduction-signal length L. If so, other acoustic signals are read from the data-recording section 1 into the input buffer
section 2 in accordance with a data-read control signal s7 supplied from the process control section 4. These signals,
which are required to make the length equal to the reproducing-signal length L, are directly transferred to the data-
accumulating section 6.

[0013] The reproducing-signal length L may be shorter than the pitch cycle TO (R > 2) as is illustrated in FIG. 4. In
this case, the acoustic signals, which are L samples included in TO samples that define one pitch cycle calculated by
the data-operating section 5, are transferred to the data-accumulating section 6.

[0014] The next process-start position P'in the data-recording section 1 is updated in accordance with the following
equation (3):

(equation 3)

. R
P—P+T0><m (3)

[0015] The low-speed reproduction will be now explained, with reference to FIGS. 5 to 7. First, of the acoustic signals
held in the data-recording section 1, an input acoustic signal s1 (sampled for max. pitch cycle X 2) is read from the
process-start position P shown in FIG. 5, into the input buffer section 2. The signal s 1 is transferred from the section
2 to the pitch-calculating section 3. The pitch-calculating section 3 calculates a pitch cycle s3.

[0016] The input buffer 2 transfers an acoustic signal, or a signal s4, to the data-operating section 5. The signal s4
is based on the pitch cycle s3 (TO0) the pitch-calculating section 3 has calculated. The signal s4 lasts for 2 pitch cycles
from the process-start position P.

[0017] The acoustic signal s4 lasting for 2 pitch cycles, read into the data-operating section 5, is subjected to weight-
adding process that is performed in accordance with the weight-window data shown in FIG. 6. The section 5 generates
a weight-added signal, or an operation process signal a5 that lasts for 1 pitch cycle (TO sample).

[0018] Next, the process control section 4 calculates a length L of a reproduced signal [sample], in accordance with
the rate R (0 < R < 1) of converting the reproducing speed. The length L is defined by the following equation (4):
(equation 4)

1
L=Ty % (4)

[0019] The reproduced-signal length L calculated in accordance with the equation (2) may be longer than two pitch
cycles (2 X T0) and, hence (0.5 <R < 1). If so, the acoustic signal for one pitch cycle (TO sample) from the first signal
held in the input buffer section 2 is transferred to the data-accumulating section 6, along with the acoustic signal (i.e.,
operation process signal s5) generated by the data-operating section 5 and lasting for one pitch cycle (i.e., TO sample).
Moreover, other input acoustic signals are transferred from the input buffer section 2 to the data-accumulating section
6, so that all samples transferred to the data-accumulating section 6 define the reproduced-signal length L.

[0020] The length defined by the input acoustic signals read into the input buffer section 2 may be shorter than the
reproduced-signal length L. Then, other acoustic signals are read from the data-recording section 1 into the input buffer
section 2 in accordance with a data-read control signal s7 supplied from the process control circuit 4. These signals,
which are required to make the length equal to the reproduced-signal length L, are directly transferred to the data-
accumulating section 6.

[0021] The reproduce-signal length L may be shorter than two pitch cycles (2 X T0) (that is, R > 0.5) as shown in
FIG. 7. In this case, the acoustic signals, which are L-TO samples included in TO samples that define one pitch cycle
calculated by the data-operating section 5 and lasts from the first signal held in the input buffer section 2, are transferred
to the data-accumulating section 6.

[0022] The next process-start position P' in the data-recording section 1 is updated in accordance with the following
equation (5):

(equation 5)

" R
P'=P+Ty X 7 (5)

[0023] The greater part of the calculation performed in the conventional PICOLA system described above is the
calculation of pitches in the pitch-calculating section 3. A pitch that would minimize the mean distortion defined by the
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following equation (1) is searched for by means of the pitch-calculating section 3. The number of samples per unit time
of the acoustic signals is increased in the higher sampling frequency. Thus, the pitch cycle for searching is increased.
[0024] FIG. 8 represents the relation between the sampling frequency and the averaged processing power (i.e., ratio
of processing time to the duration of sound reproduced). As seen from FIG. 8, the amount of data that should be
processed to calculate pitch cycles in the conventional PICOLA system is about a square of the, sampling frequency.
[0025] The present invention has been made in view of the foregoing. The object of the invention is to provide an
apparatus and method that convert the speed of reproducing acoustic signals sampled at such a high frequency as
48000 Hz or 44100 Hz, with a smaller amount of data processing compared with the conventional apparatus and
method.

[0026] To attain the object, an apparatus for converting an acoustic-signal reproducing speed, according to the in-
vention, comprises: recording means for recording and holding acoustic signals; decimation means for performing
decimation process on the acoustic signals recorded in the recording means; first accumulating means for accumulating
acoustic signals down-sampled by the decimation means; pitch-calculating means for calculating a pitch cycle of the
signals accumulated in the first accumulating means; second accumulating means for accumulating the acoustic signals
recorded in the recording means; operation means for calculating a similar waveform from a waveform of the pitch
cycle calculated by the pitch-calculating means; third accumulating means for accumulating data representing the
similar waveform calculated by the operation means; and control means for controlling the reading of data into the
second accumulating means, the calculation performed in the operation means, and the transfer of data to the third
accumulating means.

[0027] A method of converting an acoustic-signal reproducing speed, according to the invention, comprises: a dec-
imation step of performing decimation process on acoustic signals recorded in recording means; a first input-output
step of inputting and outputting acoustic signals down-sampled in the decimation step, into and from a first accumulating
means; a pitch-calculating step of calculating a pitch cycle of the signals accumulated in the first accumulating means;
a second input-output step of inputting and outputting the acoustic signals recorded in the recording means, into and
from a second accumulating means; an operation step of calculating a similar waveform from a pitch waveform of the
pitch cycle calculated in the pitch-calculating step; and a third input-output step of inputting and outputting data repre-
senting the similar waveform calculated in the pitch-calculating step, into and from a third accumulating means.
[0028] An apparatus for converting an acoustic-signal reproducing speed, according to this invention, comprises:
recording means for recording and holding acoustic signals; decimation means for performing decimation process on
the acoustic signals recorded in the recording means; first accumulating means for accumulating, in units of frames,
acoustic signals down-sampled by the decimation means; pitch-calculating means for calculating a pitch cycle of the
signals accumulated in the first accumulating means; second accumulating means for accumulating, in units of frames,
the acoustic signals recorded in the recording means; operation means for calculating a similar waveform from a wave-
form of the pitch cycle calculated by the pitch-calculating means; third accumulating means for accumulating, in units
of frames, data representing the similar waveform calculated by the operation means; and data-position designating
means for controlling a position in the second accumulating means, to which acoustic signals are read, a position in
the second accumulating means, at which the calculation of the pitch is started, a position in the third accumulating
means, to which data is transferred, and a position in the third accumulating means, at which data is recorded.
[0029] A method of converting an acoustic-signal reproducing speed, according to the invention, comprises: a dec-
imation step of performing decimation process on acoustic signals recorded in recording means; a first input-output
step of inputting and outputting, in units of frames, acoustic signals down-sampled in the decimation step, into and
from a first accumulating means; a pitch-calculating step of calculating a pitch cycle of the signals accumulated in the
first accumulating means; a second input-output step of inputting and outputting, in units of frames, the acoustic signals
recorded in the recording means, into and from a second accumulating means; an operation step of calculating a similar
waveform from a pitch waveform of the pitch cycle calculated in the pitch-calculating step; and a third input-output step
of inputting and outputting, in units of frames, data representing the similar waveform calculated in the pitch-calculating
step, into and from a third accumulating means.

[0030] With the present invention it is possible to reduce the amount of data that should be processed to convert the
speed of reproducing acoustic signals that have been sampled at such a high frequency as 48000 Hz or 44100 Hz.
[0031] The invention will be more clearly understood from the following description, given by way of example only,
with reference to the accompanying drawings, in which:

Fig. 1is ablock diagram showing a conventional reproducing-speed converting apparatus thatis a PICOLA system;
FIG. 2 is a diagram explaining the waveform-overlapping process that is performed in the PICOLA system (during
the high-speed reproduction: 1 <R < 2);

FIG. 3 is a diagram explaining the weight-adding process effected in the PICOLA system (during the high-speed
reproduction);

FIG. 4 is a diagram explaining the waveform-overlapping process carried out in the PICOLA system (during the



10

15

20

25

30

35

40

45

50

55

EP 1096 477 A2

high-speed reproduction: R > 2);

FIG. 5 is a diagram explaining the waveform-overlapping process carried out in the PICOLA system (during the
low-speed reproduction: 0.5 <R < 1);

FIG. 6 is a diagram explaining the weight-adding process performed the PICOLA system (during the low-speed
reproduction);

FIG. 7 is a diagram explaining the waveform-overlapping process carried out in the PICOLA system (during the
low-speed reproduction: R < 0.5);

FIG. 8 is a graph representing the relation between the sampling frequency and the amount of data processed,
which is observed during the reproducing-speed converting process effected in the PICOLA system;

FIG. 9 is a block diagram of a reproducing-speed converting apparatus that is the first embodiment of the present
invention;

FIG. 10 is the first flowchart explaining the operation of the first embodiment of the invention;

FIG. 11 is the second flowchart explaining the first embodiment of this invention;

FIG. 12 is the third flowchart explaining the operation of the first embodiment of the invention;

FIG. 13 is a graph illustrating the characteristic of the low-pass filter incorporated in the first embodiment of this
invention;

FIG. 14 is a timing chart for explaining the operation of the first embodiment of the present invention

FIG. 15 is a block diagram depicting a reproducing-speed converting apparatus that is the second embodiment of
the invention;

FIG. 16 is the first flowchart explaining the operation of the second embodiment of the invention:

FIG. 17 is the second flowchart explaining the operation of the second embodiment of this invention:

FIG. 18 is the third flowchart explaining the operation of the second embodiment of the invention:

FIG. 19 is the fourth flowchart explaining the operation of the second embodiment of the present invention:

FIG. 20 is the fifth flowchart explaining the operation of the second embodiment of the invention:

FIG. 21 is a diagram explaining the first example of the reproducing-speed converting process that is accomplished
by processing a frame in the second embodiment of the invention;

FIG. 22 is a diagram explaining a buffer-shifting process;

FIG. 23 is a diagram explaining the second example of the reproducing-speed converting process that is realized
by processing a frame in the second embodiment of the invention;

FIG. 24 is a diagram explaining the third example of the reproducing-speed converting process that is effected by
processing a frame in the second embodiment of the invention;

FIG. 25 is a diagram explaining the fourth example of the reproducing-speed converting process that is realized
by processing a frame in the second embodiment of the invention;

FIG. 26 is a diagram explaining the reproducing-speed converting process that is realized by processing a frame
during the high-speed reproduction in the second embodiment of the invention;

FIG. 27 is a diagram explaining the reproducing-speed converting process that is realized by processing a frame
during the low-speed reproduction in the second embodiment of the invention; and

FIG. 28 is a graph illustrating the relation between the sampling frequency and the amount of data processed, for
demonstrating the advantages of the embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Embodiments of the present invention will be described, with reference to the accompanying drawings.
[0033] The first embodiment is a reproducing-speed converting apparatus which converts the reproducing-speed of
a digital PCM acoustic signals. As shown in FIG. 9, the reproducing-speed converting apparatus comprises a data-
recording section 1, a pitch-calculating section 3, a low-pass filter 7, an decimation section 8, and a signal buffer section
9. The data-recording section 1 records and holds acoustic signals. The low-pass filter 7 suppress tWhe high-band
component of each acoustic signal held in the data-recording section 1. The decimation section 8 performs an appro-
priate decimation process on the output signal from the low-pass filter 7. The signal buffer section 9 accumulates the
acoustic signals down-sampled by the decimation section 8. The pitch-calculating section 3 calculates the pitch cycle
of the signals accumulated in the signal buffer section 9.

[0034] The reproducing-speed converting apparatus comprises further comprises an input buffer section 2, a process
control circuit 4, a data-operating section 5, a data-accumulating section 6, and a delay section 10. The delay section
10 compensates for the delay the low-pass filter 7 applies to the acoustic signals recorded in the data-recording section
1. The input buffer section 2 accumulates the acoustic signals output from the delay section 10. The data-operating
section 5 calculates similar waveforms from the waveforms that have the pitch cycle the pitch-calculating section 3.
The data-accumulating section 6 accumulates the data supplied from the data-operating section 5 via the input buffer
section 2. The process control circuit 4 controls the data-reading from the data-operating section 5 to the input buffer
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section 2, the operation of the data-operating section 5, the transfer of the similar waveforms from the section 5 to the
data-accumulating section 6.

[0035] The operation of the reproducing-speed converting apparatus, i.e., the first embodiment of the invention, will
be described in brief.

[0036] Of the acoustic signals held in the data-recording section 1, the input acoustic signal sl (sampled for max.
pitch cycle X 2) is read from the process-start position P. The low-pass filter 7 suppress the high-band component of
the acoustic signal s1. The decimation section 8 performs down-sampling on the signal output from the low-pass filter
7. The signal, thus down-sampled, is read into the signal buffer section 9.

[0037] The output of the signal buffer section 9, or a down-sampled, input acoustic signal s2, is transferred to the
pitch-calculating section 3. The section 3 calculates a pitch cycle s3. The pitch cycle s3 is supplied to the process
control circuit 4.

[0038] The process control circuit 4 generates a data-read control signal s7 from the pitch cycle s3 supplied from
the pitch-calculating section 3. The acoustic signals for two pitch cycles from the process-start position P, included in
the acoustic signals held in the data-recording section 1, are read into the input buffer section 2 through the delay
section 10 that compensates for the delay the low-pass filter 7 applies to the acoustic signals.

[0039] The process control circuit 4 controls the input buffer section 2 in accordance with the pitch cycle s3 supplied
from the pitch-calculating section 3. Thus controlled, the input buffer section 2 transfers the input acoustic signal s1 (i.
e., signal s4 to be processed) delayed by the delay section 10, to the data-operating section 5.

[0040] The data-operating section 5 calculates a similar waveform from the waveform of the signal s4. The similar
waveform, thus obtained, is transferred to the input buffer section 2 of a operating-process signal s5.

[0041] The process control circuit 4 calculates the next process-start position P' and the reproduced signal length
from the reproducing-speed converting rate and the decimation ratio of the decimation section 8. In accordance with
the next process-start position P' and the reproduced signal length, thus calculated, a operating-process signal s5 is
transferred to the data-accumulating section 6 through the input buffer section 2. Alternatively, the acoustic signals
read from the data-recording section 1 into the input buffer section 2 are transferred to the data-accumulating section 6.
[0042] How the reproducing-speed converting apparatus, i.e., the first embodiment described above, operates will
be explained in detail, with reference to the flowcharts of FIGS. 10, 11 and 12.

[0043] First, in Step S101, the apparatus is initialized, setting the process-start position at the value of 0. The value
of the process-start position in the data-recording section 1 is updated by the process control circuit 4. The process
control circuit 4 generates a data-read control signal s7 from the value updated. The control signal s7 is supplied to
the data-recording section 1 and controls the reading of the input acoustic signal s1.

[0044] In Step S102, the process control section 4 causes the low-pass filter 6 to process the input acoustic signal
s1, and the decimation section 8 to perform decimation on the signal s1. The input acoustic signal sl is thereby down-
sampled. That part of the signal s1 which lasts for T',_, X 2, where T'max is the maximum pitch cycle, is read into the
signal buffer section 9.

[0045] Assume that the sampling frequency of the input acoustic signal is 44.1 kHz, that the low-pass filter 7 exhibits
the characteristic of FIG. 13, and that the decimation section 8 has an decimation-factor constant deci of 4. Then, the
input acoustic signal is processed, as will be explained with reference to the timing chart of FIG. 14.

[0046] The input acoustic signal (a) of FIG. 14, which has a sampling frequency of 44.1 kHz, is supplied to the low-
pass filter 7 shown in FIG. 13. The low-pass filter 7 suppress the high-band component of the acoustic signal (a),
outputting a signal (b) of FIG. 14. The output signal (b) of the low-pass filter processing signal is delayed by time D
with respect to the input acoustic signal (a). The output signal (b) is supplied to the decimation section 8. The decimation
section 8 decimates a fourth of the signal (b), generating an input acoustic signal x4¢(i), down-sampled and having a
sampling frequency of 11.025 kHz. The x44(i) is defined by the following equation (6) (see (c) of FIG. 14):

(equation 6)

max

X goci(l) X pr deci i) (6)

[0047] The low-pass filter 7 may be of FIR (Finite Impulse Response) type. If so, it suffices to perform low-pass
filtering on only the sample at the decimation position.

[0048] In Step S103, the process control section 4 causes the pitch-calculating section 3 to calculates a pitch cycle
s3 from the down-sampled, input acoustic signal s2.

[0049] The down-sampled, input acoustic signal has, for example, a pitch cycle T' (sample) that minimizes T the
mean distortion d' (T) defined by the following equation (7). On the other hand, the input acoustic signal s1 has, for
example, a pitch cycle TO that is expressed by the following equation (8).

(equation 7)
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1 T-1
d'(T)= }—Z {xdeci(i)~ xdeci(i+ T))*, T, < T<T . .. (7)

i=0

(equation 8)
Ty =deci X Ty (8)

[0050] Assume that the input acoustic signal has a sampling frequency of 44.1 kHz and that down-sampled, input
acoustic signal has a sampling frequency of 11.025 kHz. Then, T, = 882, Ty = 178, T'hax = 221, and T',i, = 44,
when pitch frequencies ranging from 50 Hz to 200 Hz are searched for. The down-sampled, input acoustic signal is
used to accomplish correlation. Therefore, the amount of data processed to calculate the pitch cycle is much smaller
than in the case where the pitch cycle is calculated in the conventional apparatus by using the equation (1).

[0051] In Step S104, the process control section 4 reads the input acoustic signal s1 for (max. pitch cycle T, X 2)
from the process-start position P into the input buffer section 2 via the delay section 10 that compensates for the delay
D the low-pass filter 7 applies to the acoustic signal. The input buffer section 2 outputs a signal s4, or signal (d) shown
in FIG. 14. The signal s4 is transferred to the data-operating section 5.

[0052] In Step S105 it is determined whether the reproducing-speed converting rate R is greater than 1. If the rate
R is greater than 1, it indicates that the high-speed reproduction is being carried out. In this case, the process control
section 4 goes to Step S106 shown in FIG. 11. If the rate R is not greater than 1, it indicates that the low-speed
reproducing is being performed. If this is the case, the process control section 4 goes to Step S114 shown in FIG. 12.
[0053] During the high-speed reproduction, the data-operating section 5 adds a window weight (shown in FIG. 10)
in Step S106, under the control of the process control section 4. The circuit 5 generates a 1-pitch cycle waveform signal
(i.e., operation process signal s5), as is illustrated at (e) in FIG. 14.

[0054] Thereafter, in Step S107, the process control section 4 calculates a reproduced-signal length L in accordance
with the following equation (9):

(equation 9)

L = deci x -x Ty X +05] ...(9

deci R-1

[0055] The right side is multiplied by the decimation-factor constant deci. The brackets, [ ], in the equation (9) means
the finding of the greatest integer that does not exceed x. The reproduced-signal length L is a multiple of the decimation-
factor constant deci, concerning the position of down-sampling.

[0056] Next, in Step S108, the process control section 4 determines whether the reproduced-signal length is longer
than the pitch cycle. If YES, that is, if the length is longer than the pitch cycle, the section 4 goes to Step S109.. If NO,
the section 4 advances to Step S113.

[0057] In Step S109, the process control section 4 transfers a one-pitch cycle waveform calculated by the data-
operating section 5, to the data-accumulating section 6 through the input buffer section 2.

[0058] Then, in Step S110, the process control section 4, in order to equalize the number of samples transferred
with the reproduced-signal length L, transfers the remaining input acoustic signals, which have not been transferred
to the data-operating section 5, from the input buffer section 2 to the data-accumulating section 6.

[0059] In Step S111, the process control section 4 determines whether the number of samples transferred is less
than the reproduced-signal length L. if YES, the section 4 advances to Step S112. If NO, the section 4 goes to Step S124.
[0060] In Step S112, the process control section 4 reads more acoustic signals from the data-recording section 1
into the input buffer section 2. These acoustic signals are transferred from the input buffer section 2 to the data-accu-
mulating section 6. Then, the section 4 goes to Step S124.

[0061] If NO in Step S108, the process control section 4 goes to Step S113. In Step S113, the section 4 transfers to
the data-accumulating section 6 the samples contained in the one-pitch cycle waveform calculated by the data-oper-
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ating section 5. The section 4 then goes to Step S124. Step S124 will be described later.

[0062] If NOin Step S105 shownin FIG. 10, that is, if the process control section 4 determines that the reproducing-
speed converting rate R is not greater than 1, indicating that the low-speed reproducing is being performed. In this
case, the section 4 goes to Step S114 shown in FIG. 12. In Step S114, the section 4 causes the data-operating section
5 to add a window weight as illustrated in FIG. 14. The data-operating section 5 generates a 1-pitch cycle waveform
signal (i.e., operation process signal s5), as is shown at (e) in FIG. 14.

[0063] In Step S115, the length L of the signal reproduced is calculated in accordance with the following equation (10):
(equation 10)

x Ty x

05! .. (10
deci 1-R (10)

L=decix[

[0064] The right side is multiplied by the decimation-factor constant deci. The brackets, | J, in the equation (10)
means the finding of a greatest integer that does not exceed x. The reproduced-signal length L is a multiple of the
decimation-factor constant deci, concerning the position of down-sampling.

[0065] In Step S116 it is determined whether the reproduced-signal length is longer than (pitch cycle X 2). If YES,
the operation advances to Step S117. If NO, the operation goes to Step S122.

[0066] In Step S117, the process control section 4 transfers the waveform for the first pitch cycle, from the input
buffer section 2 to the data-accumulating section 6.

[0067] In Step S118, the process control section 4 transfers the one-pitch cycle waveform calculated in the data-
operating section 5, to the data-accumulating section 6.

[0068] Then, in Step S119, the process control section 4 transfers the input acoustic signals, which have not been
transferred to the section 6 in Step S117, from the input buffer section 2 to the data-accumulating section 6, so that
the number of the samples transferred may define the length L of the signal reproduced.

[0069] In Step S120, the process control section 4 determines whether the number of the samples transferred is
shorter than the length L of the signal reproduced. If YES, the section 4 goes to Step S121. If NO, the section 4 goes
to Step S124.

[0070] In Step S121, the process control section 4 reads more acoustic signal from the data-recording section 1 into
the input buffer section 2 and transfers these samples to the data-accumulating section 6. The section 4 then advances
to Step S124.

[0071] In Step S122, the process control section 4 transfers the waveform for the first pitch cycle, from the input
buffer section 2 to the data-accumulating section 6.

[0072] In Step S123, the process control section 4 transfers to the data-accumulating section 6 the samples, i.e.,
(reproduced-signal length L -pitch cycle TO), which are contained in the one-pitch cycle waveform calculated in the
data-operating section 5. Then, the section 4 advances to Step S124.

[0073] In Step S124, the process control section 4 updates the next process-start position P' in accordance with the
following equation (11):

(equation 11)

P
+05)...(1D

eci

P'= P+ deci x

[0074] In the equation (11), AP is the distance of moving of the process-start position. The distance AP is given by
the following equation (12):
(equation 12)

R
11-RI'

AP=Ty x (12)

[0075] The next process-start position P' is updated so that it may move to the very down-sampling position.
[0076] In Step S125 it is determined whether the process has completed or not. If NO, the operation goes to Step
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S102. If YES, the process is terminated.

[0077] The first embodiment of this invention has been described.

[0078] The second embodiment of the invention will now be described. The second embodiment is also an apparatus
that converts the speed of reproducing digital PCM acoustic signals. However, the second embodiment is designed to
perform a frame process, not the process effected in the first embodiment shown in FIG. 9. That is, the second em-
bodiment processes input acoustic signals and output acoustic signals in units each consisting of a prescribed number
of signals.

[0079] FIG. 15 shows the second embodiment, i.e., a reproducing-speed converting apparatus. The apparatus com-
prises a data-recording section 1, a pitch-calculating section 3, a low-pass filter 7, an decimation section 8, and a signal
buffer section 9. The data-recording section 1 records and holds acoustic signals. The low-pass filter 7 suppress the
high-band component of each acoustic signal recorded in the data-recording section 1. The decimation section 8 effects
an appropriate decimation process on the output signal from the low-pass filter 7. The signal buffer section 9 accumu-
lates the acoustic signals down-sampled by the decimation section 8, in units of frames. The section 3 calculates the
pitch cycle of each signal held in the signal buffer section 9.

[0080] The reproducing-speed converting apparatus further comprises an input buffer section 2, a data-operating
section 5, a delay section 10, a data-position designating section 11, and a frame-data accumulating section 12. The
delay section 10 compensates for the delay D the low-pass filter 7 applies to the acoustic signal. The input buffer
section 2 accumulates the acoustic signals in units of frames, which have been supplied to it through the delay section
10. The data-operating section 5 calculates similar waveform from the pitch-cycle waveform the pitch-calculating sec-
tion 3 has calculated. The frame-data accumulating section 12 (an output frame buffer section) accumulates the data
in units of frames, which has been calculated by the data-operating section 5. The data-position designating section
11 controls the position where the input buffer section 2 reads acoustic signals, the position where the calculation of
the pitch cycle is started in the input buffer section 2, the position where data is transferred to the frame-data accumu-
lating section 12, and the position data is recorded in the frame-data accumulating section 12.

[0081] The operation of the reproducing-speed converting apparatus, i.e., the second embodiment of the invention,
will be described in brief.

[0082] Of the acoustic signals held in the data-recording section 1, the input acoustic signal s1 for an input frame is
supplied to the low-pass filter 7. The low-pass filter 7 suppress the high-band component of the acoustic signal sl. The
decimation section 8 performs an appropriate down-sampling on the signal output from the low pass-filter 7. The signal
output from the section 8 is read into the signal buffer section 9.

[0083] The input acoustic signal s1 for the input frame is supplied from the data-recording section 1 to the delay
section 10, which compensates for the delay D the low-pass filter 7 applies to the acoustic signal s 1. The signal output
from the delay section 10 is read into the input buffer section 2.

[0084] A down-sampled, input acoustic signal s2 for at most two pitch cycles from the process-start position desig-
nated by the data-position designating section 11 is transferred from the signal buffer section 9 to the pitch-calculating
section 3. The section 3 calculates a pitch cycle s3.

[0085] The data-position designating section 11 generates a signal s4 from the pitch cycle s3 calculated by the pitch-
calculating section 3. The signal s4 is transferred from the input buffer section 2 to the data-operating section 5.
[0086] The data-operating section 5 calculates a similar waveform from the pitch-cycle waveform, generating an
operation process signal s5. The operation process signal s5 is properly over-written in the input buffer section 2.
[0087] The output acoustic signal for the output frame length measured from the transfer position designated by the
data-position designating section 11 is transferred from the input buffer section 2 to the frame-data accumulating section
12.

[0088] The data-position designating section 11 appropriately updates the next process-start position P' in the input
buffer section 2.

[0089] How the reproducing-speed converting apparatus, i.e., the second embodiment described above, operates
will be explained in detail, with reference to the flowcharts of FIGS. 16, 17, 18, 19 and 20.

[0090] First, in Step S201, the apparatus is initialized, making the following settings:

Output flag =0

Input flag = 1

Input position s8 =0

Transfer position s9 =0
Process-start position s10 = 0
Record position s11 =0

[0091] The values for the input position, process-start position, transfer position and record position are controlled
by the data-position designating section 11 shown in FIG. 15.
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[0092] In Step S202 the data-position designating section 11 determines whether the output flag is 1 or not. If YES,
the operation goes to Step S203. If NO, the operation goes to Step S206.

[0093] In Step S203, the data-position designating section 11 controls the frame-data accumulating section 12 (i.e.,
output frame buffer section) shown in FIG. 15. The section 12 outputs the acoustic signals in units of frames. Thereatfter,
in Step S204, the data-position designating section 11 updates the output flag to "0."

[0094] In Step S205, the data-position designating section 11 determines whether the process has completed or not.
If YES, the process is terminated. If NO, the operation goes to Step S202.

[0095] As described above, the operation goes to Step S206 if the data-position designating section 11 determines
in Step S202 that the output flag is not 1. In Step S206 it is determined whether the input flag is 1. If YES in Step S206,
the operation goes to Step S207. If NO, the operation goes to Step S210 shown in FIG. 17.

[0096] In Step S207, the input acoustic signal s 1 for the input-frame length is read from the data-recording section
1 via the delay section 10 into the input buffer section 2, under the control of the data-position designating section 11.
More precisely, the signal s1 is read to the position in the input buffer section 2, which has been designated by "input
position s8."

[0097] Next, in Step S208, the input acoustic signal s1 of the input-frame length is read from the data-recording
section 1 under the control of the data-position designating section 11. The signal s1 is supplied to the low-pass filter
7, which performs low-pass filtering on the signal s1. The signal output from the low-pass filter 7 is subjected to down-
sampling in the decimation section 8. The signal output from the decimation section 8 is read into the signal buffer
section 9.

[0098] In Step S209, the data-position designating section 11 updates the input position s8 to (input position s8) +
(input frame length).

[0099] Next, in Step S210 shown in FIG. 17, the data-position designating section 11 determines whether the input
position s8 is greater than the process-start position s10. If YES, the operation advances to Step S211. If NO, the
operation goes to Step S215.

[0100] In Step S211 the data-position designating section 11 determines whether (output frame length) - (recorded
position s11) is equal to or less than (process-start position s10) - (transfer position s9). If YES, the operation goes to
Step S212. If NO, the operation goes to Step S226.

[0101] In Step S212 shown in FIG. 17, signals at the position in the input buffer section 2, designated by "transfer
position s9," are transferred to the frame-data accumulating section (output frame buffer section) 12 until the section
12 becomes full from the position in the section 12, which has been designated by "record position s11."

[0102] In Step S213, a buffer-shifting process is performed on the acoustic signals held in the input buffer section 2
and signal buffer section 9, shifting these signals by a prescribed "buffer-shifting amount," as is illustrated in FIG. 22.
The "buffer-shifting amount" is a value than can be divided by an decimation factor constant nearly equal to "input-
frame length," without leaving any remainder.

[0103] The buffer-shifting process will be described in detail, with reference to FIG. 18 and FIG. 22.

[0104] First, in Step S222 shown in FIG. 18, the data-position designating section 11 determines whether the transfer
position s9 is equal to or greater than the buffer-shifting amount. If YES, the operation goes to Step S223. If NO, the
buffer-shifting process is terminated.

[0105] In Step S223, the data-position designating section 11 determines whether the process-start position s10 is
greater than (max. pitch cycle) + (buffer-shifting amount). If YES, the operation advances to Step S224. If NO, the
buffer-shifting process is terminated.

[0106] In Step S224, as shown in FIG. 22, the data-position designating section 11 moves the acoustic signals in
the input buffer section 2 by a distance equivalent to the buffer-shifting amount, and the acoustic signals in the signal
buffer section 9 by a distance equivalent to (buffer-shifting amount/decimation factor).

[0107] In Step S225, the data-position designating section 11 updates the data positions as follows:

Input position s8 = input position s8 - buffer-sifting amount

Transfer position s9 = transfer position s9 - buffer-shifting amount
Process-start position s10 = Process-start position s10 - buffer-shifting amount
The buffer-shifting process has just been described.

[0108] Withreferenceto FIG. 17 again, in Step S214, the data-position designating section 11 sets the record position
s11 at "0," the output flag at "1," and the input flag at "0." Then, the section 11 advances to Step S202.

[0109] In Step S215, the data-position designating section 11 determines whether (input frame length) - (record
position s11) is less than (input position s8) - (transfer position s9). If YES, the operation goes to Step S216. If NO, the
operation goes to Step S219.

[0110] In Step S216, as shown in FIG. 23, acoustic signals at the position in the input buffer section 2, designated
by "transfer position s9," are transferred to the output frame buffer section 12 until the section 12 becomes full from
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the position in the section 12, which has been designated by "record position s11." Then, in Step S217, the buffer-
shifting process described above is carried out.

[0111] In Step S218, the data-position designating section 11 sets the record position at "0," the output flag at "1,"
and the input flag at "0." The section 11 advances to Step S202 shown in FIG. 16.

[0112] As described above, the operation goes to Step S219 if itis NO in Step S215. In Step S219, as shown in FIG.
24, the acoustic signal at the position designated by "input position s8" is transferred from the position in the input
buffer section 2, which is designated by "transfer position s9," to the position in the output frame buffer section 12,
which is designated by "record position s11." Then, in Step S220, the above-mentioned buffer-shifting process is carried
out.

[0113] In Step S221, the output flag and the input flag are set at "0" and "1," respectively. The operation goes to Step
S202 shown in FIG. 16.

[0114] Next, the data-position designating section 11, in Step S226 shown in FIG. 19, the acoustic signal at the
position designated by "process-start position s10" is transferred from the position in the input buffer section 2 shown
in FIG. 25, which is designated by "transfer position s9," to the position in the output frame buffer section 12, which is
designated by "record position s11."

[0115] In Step S227, the above-mentioned buffer-shifting process is carried out. The operation goes to Step S228,
in which it is determined whether the reproducing-speed converting rate R is greater than 1. If the rate R is greater
than 1, the operation advances to Steps S229 et seq. that are performed during the high-speed reproduction process.
If the rate R is not greater than 1, the operation goes to Step S236 shown in FIG. 20. The processes effected during
the high-speed reproduction, i.e., Steps S229 et seq., will be explained with reference to FIG. 26.

[0116] In Step S229, the data-position designating section 11 determines whether (input position s8) - (process-start
position s10) is greater than 2 X (max. pitch cycle). If YES, the section 11 advances to Step S230. If NO, the section
11 goes to Step S243. In Step S243, the data-position designating section 11 sets the output flag and the input flag at
"0" and "1," respectively. Then, the section 11 goes to Step S202 shown in FIG. 16.

[0117] Next, in Step S230, the pitch-calculating section 3 calculates the pitch cycle at the position designated by
"process-start position s10," from the acoustic signal extracted from the signal buffer section 9 under the control of the
data-position designating section 11. For example, the section 3 calculates a pitch cycle T (= T'0) that will minimize
the mean distortion d'(T) defined by the following equation (13), for the acoustic signal xye(i) (0 <i<2 X T', 54 held
in the signal buffer section 9, at the position designated by "process-start position s10." Then, the section 3 obtains
the pitch cycle T0 in accordance with the following equation (14).

(equation 13)

] & .
= A (N-x, (i + DY, T <TST o .. (13)

4(T)= =
i=0

(equation 14)
Ty=deci X T (14)

[0118] In Step S231, the data-position designating section 11 determines whether the pitch cycle calculated in Step
S230 is valid or not. If the pitch cycle is found valid, the operation goes to Step S232. If the pitch cycle is found not
valid, the operation advances to Step S245 shown in FIG. 20.

[0119] In Step S232, the data-position designating section 11 transfers the acoustic signal for two pitch cycles, as
operating-process signal s4, from the input buffer section 2 to the data-operating section 5.

[0120] In Step S233, the data-position designating section 11 controls the data-operating section 5. The section 5
adds a window weight to the signal s4, generating a waveform for one pitch cycle. The waveform thus generated is
transferred to the position in the input buffer section 2, which is designated by (process-start position s10) + (pitch cycle).
[0121] In Step S234, the transfer position s9 is updated to (process-start position) + (pitch cycle). The operation then
goes to Step S235.

[0122] If it is determined in Step S228 that the reproducing-speed converting rate R is greater than 1 and if it is
determined in Step S236 (FIG. 20) that the rate R is less than 1, the operation advances to process of the low-speed
reproduction (Step S237 et seq.). Otherwise, the operation goes to Step S245.

[0123] In Step S237 the data-position designating section 11 may determine that (input position s8) - (process-start
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position s10) is greater than the maximum pitch cycle. If so, the section 11 goes to Step S238. If NO, the section 11
advances to Step S243 shown in FIG. 19. In Step S243, the section 11 sets the output flag and the input flag at "0"
and "1," respectively, and goes to Steps S202.

[0124] In Step S238, the pitch cycle at the position designated by "process-start position s10" is calculated from the
acoustic signal extracted in the signal buffer section 9. For example, there is calculated a pitch cycle T (= T'0) that will
minimize the mean distortion d'(T) defined by the following equation (15), for the acoustic signal Xyei(i) (0 <i<2 X
T'hax held in the signal buffer section 9, at the position designated by "process-start position s10." Then, the pitch cycle
TO is obtained in accordance with the following equation (16). In the equation (16), deci is an decimation factor constant.
(equation 15)

1 T-1
d'(T) = —T-Z (X ()= X (=TT <STST .. (15)

=0

(equation 16)
Ty =deci X Ty (16)

[0125] Ifitis determined in Step S239 that the pitch cycle calculated in Step S238 is valid, the operation advances
to Step S240. Otherwise, the operation goes to Step S245.
[0126] In Step S240, the acoustic signal for two pitch cycle, which is held in the input buffer section 2, is transferred
as signal s4 to the data-operating section 5.
[0127] In Step S241, the data-operating section 5 adds a window weight to the signal s4, generating a waveform for
one pitch cycle. The waveform thus generated is transferred to the position in the input buffer section 2, which is
designated by (process-start position s10) - (pitch cycle) (see FIG. 27).
[0128] In Step S242, "transfer position s9" is updated as follows:

(Transfer position s9) = (process-start position s10) - (pitch cycle)
[0129] The operation returns to Step S235 shown in FIG. 19. In Step S235, "process-start position s10" is updated
as indicated by the following equation (17). Then, the operation advances to Step S210.
(equation 17)

process-start position s10 = process-start position s10

P
+05] ...(17)

+deci x _
eci

[0130] The value x in the brackets | 1, multiplied by deci in the second term on the right side, is a greatest integer
that does not exceed x (= AP/deci + 0.5), where is AP is a distance the process-start position moves, said distance is
given by the following equation (18):

(equation 18)

R

(18)

[0131] In Step S245, "transfer position s9" and "process-start position s10" are updated as follows:
(Transfer position s9) = (process-start position s10)
(Process-start position s10) = (process-start position s10)+ (input frame length)

Then, the operation goes to Step S210.

[0132] The advantage of the embodiments of this invention, described above, will be described with reference to
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FIG. 28. FIG. 28 shows the relation the sampling frequency and the amount of data processed have in the conventional
system, and also the relation the frequency and the data amount have in the reproducing-speed converting apparatus
of the invention when the sampling frequency is 44100 Hz. (In FIG. 28, the shaded bar "proposed" pertains to the
present invention.) As shown in FIG. 28, the amount of data process in the system according to the invention is about
25% of the amount of data processed in the conventional system. The present invention achieves this advantage,
because the pitch cycle is calculated from an acoustic signal that has been subjected to low-pass filtering and deci-
mation.

Claims
1. An apparatus for converting an acoustic-signal reproducing speed, comprising:

recording means for recording and holding acoustic signals;

decimation means for performing decimation process on the acoustic signals recorded in the recording means;
first accumulating means for accumulating acoustic signals down-sampled by the decimation means;
pitch-calculating means for calculating a pitch cycle of the signals accumulated in the first accumulating means;
second accumulating means for accumulating the acoustic signals recorded in the recording means;
operation means for calculating a similar waveform from a waveform of the pitch cycle calculated by the pitch-
calculating means;

third accumulating means for accumulating data representing the similar waveform calculated by the operation
means; and

control means for controlling the reading of data into the second accumulating means, the calculation per-
formed in the operation means, and the transfer of data to the third accumulating means.

2. The apparatus according to claim 1, which further comprises
low-pass filter means for suppressing a high-band component of each signal recorded in the recording means,
wherein the decimation means performs the decimation process on an output signal of the low-pass filter
means.

3. The apparatus according to claim 2, which further comprises
delay means for compensating delay in the low-pass filter means,
wherein the control means supplies acoustic signals having a length of predetermined number of pitch cycle from
a process-start position into the second accumulating means through the delay means.

4. The apparatus according to claim 1, 2 or 3 wherein the operation means calculates the similar waveform by a
weight-adding process using weight-window data.

5. The apparatus according to claim 4, wherein the control means changes the weight-adding process in accordance
with a reproducing-speed converting rate.

6. The apparatus according to any preceding claim, wherein the control means calculates a process-start position
and a reproduced-signal length on the basis of an decimation rate in accordance with a reproducing-speed con-
verting rate.

7. The apparatus according to claim 5, wherein

the control means compares the reproduced-signal length with the pitch cycle of the similar waveform calcu-
lated by the operation means, and
data representing the similar waveform are changed in accordance with the result of said comparison.

8. A method of converting an acoustic-signal reproducing speed, comprising:

an decimation step of performing decimation process on acoustic signals recorded in recording means;

a first input-output step of inputting and outputting acoustic signals down-sampled in the decimation step, into
and from a first accumulating means;

a pitch-calculating step of calculating a pitch cycle of the signals accumulated in the first accumulating means;
a second input-output step of inputting and outputting the acoustic signals recorded in the recording means,
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into and from a second accumulating means;

an operation step of calculating a similar waveform from a pitch waveform of the pitch cycle calculated in the
pitch-calculating step; and

a third input-output step of inputting and outputting data representing the similar waveform calculated in the
pitch-calculating step, into and from a third accumulating means.

An apparatus for converting an acoustic-signal reproducing speed, comprising:

recording means for recording and holding acoustic signals;

decimation means for performing decimation process on the acoustic signals recorded in the recording means;
first accumulating means for accumulating, in units of frames, acoustic signals down-sampled by the decima-
tion means;

pitch-calculating means for calculating a pitch cycle of the signals accumulated in the first accumulating means;
second accumulating means for accumulating, in units of frames, the acoustic signals recorded in the recording
means;

operation means for calculating a similar waveform from a waveform of the pitch cycle calculated by the pitch-
calculating means;

third accumulating means for accumulating, in units of frames, data representing the similar waveform calcu-
lated by the operation means; and

data-position designating means for controlling a position in the second accumulating means, to which acoustic
signals are read, a position in the second accumulating means, at which the calculation of the pitch is started,
a position in the third accumulating means, to which data is transferred, and a position in the third accumulating
means, at which data is recorded.

The apparatus according to claim 9, which further comprises

low-pass filter means for suppressing a high-band component of each acoustic signal recorded in the re-
cording means,

wherein the decimation means performs the decimation process on an output signal of the low-pass filter
means.

The apparatus according to claim 10, which further comprises

delay means for compensating delay in the low-pass filter means,

wherein the control means supplies acoustic signals having a length of predetermined number of pitch cycle
from a process-start position into the second accumulating means through the delay means.

The apparatus according to claim 9, 10 or 11 wherein the operation means calculates the similar waveform by a
weight-adding process using weight-window data.

The apparatus according to claim 12, wherein the data-position designating means changes the weight-adding
process in accordance with a reproducing-speed converting rate.

A method of converting an acoustic-signal reproducing speed, comprising:

an decimation step of performing decimation process on acoustic signals recorded in recording means;

a first input-output step of inputting and outputting, in units of frames, acoustic signals down-sampled in the
decimation step, into and from a first accumulating means;

a pitch-calculating step of calculating a pitch cycle of the signals accumulated in the first accumulating means;
a second input-output step of inputting and outputting, in units of frames, the acoustic signals recorded in the
recording means, into and from a second accumulating means;

an operation step of calculating a similar waveform from a pitch waveform of the pitch cycle calculated in the
pitch-calculating step; and

a third input-output step of inputting and outputting, in units of frames, data representing the similar waveform
calculated in the pitch-calculating step, into and from a third accumulating means.
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