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(54) Singing voice synthesizing method

(57) A frequency spectrum is detected by analyzing
a frequency of a voice waveform corresponding to a
voice synthesis unit formed of a phoneme or a phonemic
chain. Local peaks are detected on the frequency spec-
trum, and spectrum distribution regions including the lo-
cal peaks are designated. For each spectrum distribu-
tion region, amplitude spectrum data representing an
amplitude spectrum distribution depending on a fre-
quency axis and phase spectrum data representing a
phase spectrum distribution depending on the frequen-
cy axis are generated. The amplitude spectrum data is

adjusted to move the amplitude spectrum distribution
represented by the amplitude spectrum data along the
frequency axis based on an input note pitch, and the
phase spectrum data is adjusted corresponding to the
adjustment. Spectrum intensities are adjusted to be
along with a spectrum envelope corresponding to a de-
sired tone color. The adjusted amplitude and phase
spectrum data are converted into a synthesized voice
signal.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is based on Japanese Patent
Application 2002-052006, filed on February 27, 2002,
the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

A) FIELD OF THE INVENTION

[0002] This invention relates to a singing voice syn-
thesizing method, a singing voice synthesizing appara-
tus and a storage medium by using a phase vocoder
technique.

B) DESCRIPTION OF THE RELATED ART

[0003] Conventionally, as a singing voice synthesiz-
ing technique, a singing voice synthesizing using a well-
known Spectral Modeling Synthesis (SMS) technique
according to a specification of the U.S. Patent Applica-
tion No. 5029509 is well known. (For example, refer to
Japanese Patent No. 2906970.)
[0004] FIG. 21 shows a singing voice synthesizing ap-
paratus adopting the technique explained in Japanese
Patent No. 2906970. At Step S1, a singing voice signal
is input, and at Step S2, a SMS analyzing process and
a section logging process is executed to the input sing-
ing voice signal.
[0005] In the SMS analyzing process, the input voice
signal is divided into a series of time frames, and one
set of a magnitude spectrum data is generated in each
frame by Fast Fourier Transform (FFT) and the like, and
a linear spectrum corresponding to plurality of peaks
from one set of magnitude spectrum data by each frame.
A data representing an amplitude value and frequency
of these linear spectrums are called a Deterministic
Component. Next, a spectrum of the deterministic com-
ponent is subtracted from a spectrum of an input voice
waveform to obtain a remaining difference spectrum.
This remaining difference spectrum is called Stochastic
Component.
[0006] In the section logging process, the determinis-
tic component data and the stochastic data obtained in
the SMS analyzing process are divided corresponding
to a voice synthesis unit. The voice synthesis unit is a
structural element of lyrics. For example, a voice syn-
thesis unit is consisted of a single phoneme such as [a]
or [i] or, a phonemic chain (a chain of a plurality of pho-
nemes) such as [a_i] or [a_p].
[0007] In a voice synthesis unit database DB, a deter-
ministic component data and stochastic component da-
ta are stored for every voice synthesis unit.
[0008] In the singing voice synthesizing, at Step S3,
lyrics data and melody data are input. Then, at Step S4,

a phonemic series/voice synthesis unit conversion proc-
ess is executed on the phonemic series that the lyrics
data represents to divide the phonemic series into a
voice synthesis unit. Then, the deterministic component
data and the stochastic component data are read from
the database DB as a voice synthesis unit data for every
voice synthesis unit.
[0009] At Step S5, a voice synthesis unit connecting
process is executed on the voice synthesis unit data (the
deterministic component data and the stochastic com-
ponent data) read from the database DB to connect
voice synthesis unit data in an order of pronunciations.
At Step S6, new deterministic component data adapting
to the musical note pitch is generated based on the mu-
sical note pitch that the deterministic component data
and the melody data indicate for every voice synthesis
unit. At this time, if a spectrum intensity is adjusted to
be a form of a spectrum envelope that the deterministic
component data processed at Step S5 is taken over, a
musical tone of the voice signal input at Step S1 can be
reproduced with the new deterministic component data.
[0010] At Step S7, the deterministic component data
generated at Step S6 is added to the stochastic compo-
nent data executed the process at Step S5 in every
voice synthesis unit. Then, at Step S8, the data to which
the adding process is executed at Step S7 is converted
to a synthesized voice signal of time region by a reverse
FFT and the like in each voice synthesis unit.
[0011] For example, to synthesizing a singing voice
[saita], voice syntheses units corresponding to voice
synthesis units [#s], [s_a], [a], [a_i], [I], [i_t], [a], and [a#]
(# represents a silence) are read from the database DB,
and they are connected each other at Step S5. Then, at
Step S6, a deterministic component data that has a pitch
corresponding to the input musical note pitch is gener-
ated in each voice synthesis unit. After the adding proc-
ess at Step S7 and the converting process at Step S8,
a singing voice signal of [saita] can be obtained.
[0012] According to the above-described prior art,
there is a tendency that a sense of unity between the
deterministic component and the stochastic component
is not satisfactory. That is, there is a tendency that the
singing voice is caught as an artificial voice because the
voice signal pitch input at Step S1 is converted corre-
sponding to the input musical note pitch at Step S6 and
the stochastic component data is added to the determin-
istic component data with the converted pitch at Step
S7. For example, the stochastic component data is
sounded being split in a section of a long sound such as
[i] in singing [saita].
[0013] In order to deal with this kind of tendencies, the
inventors of the present invention suggested that an am-
plitude spectrum distribution in a lower region that the
stochastic component data represents is adjusted cor-
responding to the input musical note pitch before (refer
to Japanese Patent Application No. 2000-401041).
However, if the stochastic component data is adjusted
as above, it is not easy to control splitting and resound-
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ing of the stochastic component completely.
[0014] Also, in the SMS technique, analysis of a
voiced fricative or plosive sound is difficult, and it is a
problem that the synthesizing voice will be very artificial
sound. The SMS technique is on the assumption that a
voice signal is consisted of a deterministic component
and a stochastic component, and it is a fundamental
problem that the voice signal cannot be split into the de-
terministic component and the stochastic component as
the SMS technique.
[0015] On the other hand, the phase vocoder tech-
nique is explained in a specification of the U.S. Patent
No. 3360610. In the phase vocoder technique, a signal
was represented by a filter bank before and recently has
been represented by a frequency region as a result of
the FFT of input signal. Recently, the phase vocoder
technique is widely used for a time-stretch (stretching
or shortening of a time axis without changing the original
pitch), a pitch-shift (changing a pitch without changing
the time length) and the like. As this kind of pitch chang-
ing technique, the result of FFT of the input signal is not
used as it is. It is well known that the pitch-sift is execut-
ed by moving the spectrum distribution on a frequency
axis in each spectrum distribution region after dividing
the FFT spectrum into a plurality of spectrum distribution
regions centered at a local peak. (For example, refer to
J. Laroche and M. Dolson, "New Phase-Vocoder Tech-
niques for Real-Time Pitch Shifting, Chourusing, Har-
monizing, and Other Exotic Audio Modifications" J. Au-
dio Eng. Soc., Vol. 47, No. 11, 1999). However, relevan-
cy between the pitch shifting technique and the singing
voice synthesizing technique is not clear.

SUMMARY OF THE INVENTION

[0016] It is an object of the present invention to pro-
vide a new singing voice synthesizing method or appa-
ratus that enable a natural and high-quality voice syn-
thesizing by using a phase vocoder technique, and a
storage medium.
[0017] According to one aspect of the present inven-
tion, there is provided a singing voice synthesizing
method, comprising the steps of: (a) detecting a fre-
quency spectrum by analyzing a frequency of a voice
waveform corresponding to voice synthesis unit of a
voice to be synthesized; (b) detecting a plurality of local
peaks of a spectrum intensity on the frequency spec-
trum; (c) designating, for each of the plurality of the local
peaks, a spectrum distribution region including the local
peak and spectrums therebefore and thereafter on the
frequency spectrum and generating amplitude spec-
trum data representing an amplitude spectrum distribu-
tion depending on a frequency axis for each spectrum
distribution region; (d) generating phase spectrum data
representing a phase spectrum distribution depending
on the frequency axis for each spectrum distribution re-
gion; (e) designating a pitch for the voice to be synthe-
sized; (f) adjusting, for each spectrum distribution re-

gions, the amplitude spectrum data for moving the am-
plitude spectrum distribution represented by the ampli-
tude spectrum data along the frequency axis in accord-
ance with the pitch; (g) adjusting, for each spectrum dis-
tribution regions, the phase spectrum distribution repre-
sented by the phase spectrum data in accordance with
the adjustment of the amplitude spectrum data; and (h)
converting the adjusted amplitude spectrum data and
the adjusted phase spectrum data into a synthesized
voice signal of a time region.
[0018] According to the first singing voice synthesiz-
ing method, a voice waveform corresponding to a voice
synthesis unit (a phoneme or a phonemic chain) is ex-
ecuted a frequency analysis, and a frequency spectrum
is detected. Then an amplitude spectrum data and a
phase spectrum data are generated based on the fre-
quency spectrum. When a desired pitch is designated,
the amplitude spectrum data and the phase spectrum
data are adjusted corresponding to the designated
pitch, and a synthesized voice signal in a time region is
generated based on the adjusted amplitude spectrum
data and the adjusted phase spectrum data. Because
voice synthesizing is executed without splitting the re-
sult of the frequency analysis of the voice waveform into
a deterministic component and a stochastic component,
the stochastic component may not split and resound.
Therefore, a natural synthesized sound can be ob-
tained. Also, a natural synthesized sound can be ob-
tained in a case of a voiced fricative or plosive sound.
[0019] According to another aspect of the present in-
vention, there is provided a singing voice synthesizing
method, comprising the steps of: (a) obtaining amplitude
spectrum data and phase spectrum data corresponding
to a voice synthesis unit of a voice to be synthesized,
wherein the amplitude spectrum data is data represent-
ing an amplitude spectrum distribution depending on a
frequency axis for each spectrum distribution region for
each of a plurality of local peaks of a spectrum intensity
including the local peak and spectrums therebefore and
thereafter in a frequency spectrum obtained by a fre-
quency analysis of a voice waveform of the voice syn-
thesis unit, and the phase spectrum data is data repre-
senting a phase spectrum distribution depending on the
frequency axis for each spectrum distribution region; (b)
designating a pitch for the voice to be synthesized; (c)
adjusting, for each spectrum distribution regions, the
amplitude spectrum data for moving the amplitude spec-
trum distribution represented by the amplitude spectrum
data along the frequency axis in accordance with the
pitch; (d) adjusting, for each spectrum distribution re-
gions, the phase spectrum distribution represented by
the phase spectrum data in accordance with the adjust-
ment of the amplitude spectrum data; and (e) converting
the adjusted amplitude spectrum data and the adjusted
phase spectrum data into a synthesized voice signal of
a time region.
[0020] The second singing voice synthesizing method
corresponds to the case that the amplitude spectrum da-
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ta and the phase spectrum data are stored in a database
in each voice synthesis unit after executing the process-
es up to the step of generating the phase spectrum data,
or the case that the process up to the step of generating
the phase spectrum data is executed with other appa-
ratus. That is, in the second singing voice synthesizing
method, in a obtaining step, the amplitude spectrum da-
ta and the phase spectrum data corresponding to the
voice synthesis unit of the voice to be synthesized are
obtained from other apparatus or the database, and a
process after the step to designate pitch is executed in
the same method as the first singing voice synthesizing
method. Therefore, according to the second singing
voice synthesizing method, a natural synthesized sound
can be obtained as the first singing voice synthesizing
method.
[0021] According to further aspect of the present in-
vention, there is provided a singing voice synthesizing
apparatus, comprising: a designating device that desig-
nates a voice synthesis unit and a pitch for a voice to be
synthesized; a reading device that reads voice wave-
form data representing a waveform corresponding to the
voice synthesis unit as voice synthesis unit data from a
voice synthesis unit database; a first detecting device
that detects a frequency spectrum by analyzing a fre-
quency of the voice waveform represented by the voice
waveform data; a second detecting device that detects
a plurality of local peaks of a spectrum intensity on the
frequency spectrum; a first generating device that des-
ignates, for each of the plurality of the local peaks, a
spectrum distribution region including the local peak and
spectrums therebefore and thereafter on the frequency
spectrum and generates amplitude spectrum data rep-
resenting an amplitude spectrum distribution depending
on a frequency axis for each spectrum distribution re-
gion; a second generating device that generates phase
spectrum data representing a phase spectrum distribu-
tion depending on the frequency axis for each spectrum
distribution region; a first adjusting device that adjusts,
for each spectrum distribution regions, the amplitude
spectrum data for moving the amplitude spectrum dis-
tribution represented by the amplitude spectrum data
along the frequency axis in accordance with the pitch;
a second adjusting device that adjusts, for each spec-
trum distribution regions, the phase spectrum distribu-
tion represented by the phase spectrum data in accord-
ance with the adjustment of the amplitude spectrum da-
ta; and a converting device that converts the adjusted
amplitude spectrum data and the adjusted phase spec-
trum data into a synthesized voice signal of a time re-
gion.
[0022] According to yet further aspect of the present
invention, there is provided a singing voice synthesizing
apparatus, comprising: a designating device that desig-
nates a voice synthesis unit and a pitch for a voice to be
synthesized; a reading device that reads amplitude
spectrum data and phase spectrum data corresponding
to the voice synthesis unit as voice synthesis unit data

from a voice synthesis unit database, wherein the am-
plitude spectrum data is data representing an amplitude
spectrum distribution depending on a frequency axis for
each spectrum distribution region for each of a plurality
of local peaks of a spectrum intensity including the local
peak and spectrums therebefore and thereafter in a fre-
quency spectrum obtained by a frequency analysis of a
voice waveform of the voice synthesis unit, and the
phase spectrum data is data representing a phase spec-
trum distribution depending on the frequency axis for
each spectrum distribution region; a first adjusting de-
vice that adjusts, for each spectrum distribution regions,
the amplitude spectrum data for moving the amplitude
spectrum distribution represented by the amplitude
spectrum data along the frequency axis in accordance
with the pitch; a second adjusting device that adjusts,
for each spectrum distribution regions, the phase spec-
trum distribution represented by the phase spectrum da-
ta in accordance with the adjustment of the amplitude
spectrum data; and a converting device that converts
the adjusted amplitude spectrum data and the adjusted
phase spectrum data into a synthesized voice signal of
a time region.
[0023] The first and second singing voice synthesiz-
ing apparatuses are to execute the before-described
first and second singing voice synthesizing methods by
using the voice synthesis unit database, and a natural
singing voice synthesized voice can be obtained.
[0024] According to yet further aspect of the present
invention, there is provided a singing voice synthesizing
apparatus, comprising: a designating device that desig-
nates a voice synthesis unit and a pitch for each of voic-
es to be sequentially synthesized; a reading device that
reads voice waveform data corresponding to each of the
voice synthesis unit designated by the designating de-
vice from a voice synthesis unit database; a first detect-
ing device that detects a frequency spectrum by analyz-
ing a frequency of the voice waveform corresponding to
each voice waveform; a second detecting device that
detects a plurality of local peaks of a spectrum intensity
on the frequency spectrum corresponding to each voice
waveform; a first generating device that designates, for
each of the plurality of the local peaks for each voice
synthesis unit, a spectrum distribution region including
the local peak and spectrums therebefore and thereafter
on the frequency spectrum and generates amplitude
spectrum data representing an amplitude spectrum dis-
tribution depending on a frequency axis for each spec-
trum distribution region; a second generating device that
generates phase spectrum data representing a phase
spectrum distribution depending on the frequency axis
for each spectrum distribution region of each voice syn-
thesis unit; a first adjusting device that adjusts, for each
spectrum distribution regions of each voice synthesis
unit, the amplitude spectrum data for moving the ampli-
tude spectrum distribution represented by the amplitude
spectrum data along the frequency axis in accordance
with the pitch; a second adjusting device that adjusts,
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for each spectrum distribution regions of each voice syn-
thesis unit, the phase spectrum distribution represented
by the phase spectrum data in accordance with the ad-
justment of the amplitude spectrum data; a first connect-
ing device that connects the adjusted amplitude spec-
trum data to connect sequential voice synthesis units
respectively corresponding to the voices to be sequen-
tially synthesized in a pronunciation order, wherein the
spectrum intensities are adjusted to be agreed or ap-
proximately agreed with each another at connection
points of the sequential voice synthesis units; a second
connecting device that connects the adjusted phase
spectrum data to connect sequential voice synthesis
units respectively corresponding to the voices to be se-
quentially synthesized in a pronunciation order, wherein
the phases are adjusted to be agreed or approximately
agreed with each another at connection points of the se-
quential voice synthesis units; and a converting device
that converts the connected amplitude spectrum data
and the connected phase spectrum data into a synthe-
sized voice signal of a time region.
[0025] According to yet further aspect of the present
invention, there is provided a singing voice synthesizing
apparatus, comprising: a designating device that desig-
nates a voice synthesis unit and a pitch for each of voic-
es to be sequentially synthesized; a reading device that
reads voice waveform data corresponding to each of the
voice synthesis unit designated by the designating de-
vice from a voice synthesis unit database, wherein the
amplitude spectrum data is data representing an ampli-
tude spectrum distribution depending on a frequency
axis for each spectrum distribution region for each of a
plurality of local peaks of a spectrum intensity including
the local peak and spectrums therebefore and thereafter
in a frequency spectrum obtained by a frequency anal-
ysis of a voice waveform of the voice synthesis unit, and
the phase spectrum data is data representing a phase
spectrum distribution depending on the frequency axis
for each spectrum distribution region; a first adjusting
device that adjusts, for each spectrum distribution re-
gions of each voice synthesis unit, the amplitude spec-
trum data for moving the amplitude spectrum distribu-
tion represented by the amplitude spectrum data along
the frequency axis in accordance with the pitch; a sec-
ond adjusting device that adjusts, for each spectrum dis-
tribution regions of each voice synthesis unit, the phase
spectrum distribution represented by the phase spec-
trum data in accordance with the adjustment of the am-
plitude spectrum data; a first connecting device that con-
nects the adjusted amplitude spectrum data to connect
sequential voice synthesis units respectively corre-
sponding to the voices to be sequentially synthesized in
a pronunciation order, wherein the spectrum intensities
are adjusted to be agreed or approximately agreed with
each another at connection points of the sequential
voice synthesis units; a second connecting device that
connects the adjusted phase spectrum data to connect
sequential voice synthesis units respectively corre-

sponding to the voices to be sequentially synthesized in
a pronunciation order, wherein the phases are adjusted
to be agreed or approximately agreed with each another
at connection points of the sequential voice synthesis
units; and a converting device that converts the connect-
ed amplitude spectrum data and the connected phase
spectrum data into a synthesized voice signal of a time
region.
[0026] The third and the fourth singing voice synthe-
sizing apparatuses are to execute the before described
first or second singing voice synthesizing methods by
using the voice synthesis unit database, and can obtain
a natural singing voice synthesized sound. Moreover,
spectral intensities and phases at a connecting part of
the sequential voice synthesis units are adjusted to be
the same or approximately the same to each other at
the time of connecting the amplitude spectral data and
the phase spectral data to be modified for connecting
the voice synthesis units in the order of the pronuncia-
tion; therefore, it is prevented to generate noise at the
time of generating the synthesized voice.
[0027] According to the present invention, amplitude
spectrum data and phase spectrum data are generated
based on a result of a frequency analyzing of a voice
waveform corresponding to a voice synthesis unit, and
the amplitude spectrum data and the phase spectrum
data are adjusted corresponding to a designated pitch.
Then, since a synthesized voice signal in a time region
is generated based on the adjusted amplitude spectrum
data and the adjusted phase spectrum data, a situation
that the stochastic component splits and resounds as
the conventional example that the result of the frequen-
cy analysis is split into the deterministic component and
the stochastic component will not occur principally, and
an effect that enables a natural or high-quality singing
voice synthesizing can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 is a block diagram showing a circuit structure
of a singing voice synthesizing apparatus according
to an embodiment of the present invention.
FIG. 2 is a flow chart showing an example of a sing-
ing voice analyzing process.
FIG. 3 is a diagram showing a state of a storing in
a voice synthesis unit database.
FIG. 4 is a flow chart showing an example of a sing-
ing voice synthesizing process.
FIG. 5 is a flow chart showing an example of a con-
version process at Step 76 in FIG. 4.
FIG. 6 is a flow chart showing another example of
the singing voice analyzing process.
FIG. 7 is a flow chart showing another example of
the singing voice synthesizing process.
FIG. 8A is a waveform figure showing an input voice
signal as an analyzing object. FIG. 8B is a spectrum
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figure showing a result of frequency analysis.
FIG. 9A is a spectrum figure showing a region point
of a spectrum distribution before a pitch-shift. FIG.
9B is a spectrum figure showing a region point of a
spectrum distribution after the pitch-shift.
FIG. 10A is a graph showing a distribution of an am-
plitude spectrum and a phase spectrum before the
pitch-shift. FIG. 10B is a graph showing a distribu-
tion of the amplitude spectrum and the phase spec-
trum after the pitch-shift.
FIG. 11 is a graph to explain a designating process
of a spectrum distribution region in a case that a
pitch is lowered.
FIG. 12A is a graph showing a local peak point and
a spectrum envelope before the pitch-shift. FIG.
12B is a graph showing the local peak point and a
spectrum envelope after the pitch-shift.
FIG. 13 is a graph showing an example of a spec-
trum envelope curve.
FIG. 14 is a block diagram showing the pitch-shift
process and a musical tone adjustment process re-
lated to a long sound.
FIG. 15 is a block diagram showing an example of
the musical tone adjustment process related to the
long sound.
FIG. 16 is a block diagram showing another exam-
ple of the musical tone adjustment process related
to the long sound.
FIG. 17 is a graph to explain a modelizing of the
spectrum envelope.
FIG. 18 is a graph to explain miss matching of a
level and a musical tone that occur at a time of con-
nection to the voice synthesis unit.
FIG. 19 is a graph to explain a smoothing process.
FIG. 20 is a graph to explain a level adjustment
process.
FIG. 21 is a block diagram showing an example of
a conventional singing voice synthesizing process.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] FIG. 1 is a block diagram showing a circuit
structure of a singing voice synthesizing apparatus ac-
cording to an embodiment of the present invention. This
singing voice synthesizing apparatus has a structure
wherein a small computer 10 controls operations.
[0030] A central processing unit (CPU) 12, a read only
memory (ROM) 14, a random access memory (RAM)
16, a singing voice input unit 17, a lyrics/melody input
unit 18, a control parameter input unit 20, an external
storage unit 22, a displaying unit 24, a timer 26, a digital/
analogue (D/A) conversion unit 28, a musical instrument
digital interface (MIDI) interface 30, a communication in-
terface 32 and the like are connected to a bus 11.
[0031] The CPU executes various kinds of processes
related to the singing voice synthesizing and the like ac-
cording to a program stored in the ROM 14. The proc-

esses related to the singing voice synthesizing are ex-
plained later referring FIGS. 2 to 7 and the like.
[0032] The RAM 16 includes various kinds of storing
regions such as a working region at a time of various
processes in the CPU 12. As the storing regions accord-
ing to the embodiment of the present invention, for ex-
ample, inputting data storing regions are respectively
corresponding to the input units 17, 18 and 20. The de-
tails will be explained later.
[0033] The singing voice input unit 17 has a micro-
phone, a voice inputting terminal and the like for input-
ting a singing voice signal, and equips an analogue/dig-
ital (A/D) conversion device that converts the input sing-
ing voice signal to a digital waveform data. The digital
waveform data to be input is stored in a predetermined
region in the RAM 16.
[0034] The lyrics/melody input unit 18 equips a key-
board that can input letters and numbers, and a reading
device that can read scores. It can input a melody data
that represents a series of musical notes (including rest)
that consists a lyrics data and melody that represents a
phonemic series that consists the lyrics of a desired
singing voice. The lyrics data and the melody data to be
input are stored in a predetermined region in the RAM
16.
[0035] The control parameter input unit 20 equips pa-
rameter setting devices such as a switch, a volume and
the like, and can set a control parameter for controlling
a musical expression of the singing voice synthesized
voice. A musical tone, a pitch classification (high, mid-
dle, low, etc.), a pitch throb (a pitch bend, vibrato, etc.),
dynamics classification (high, middle, low, etc. of a vol-
ume level), a tempo classification (fast, middle, slow,
etc. tempo) and the like can be set as the control pa-
rameter. The control parameter data that represents a
control parameter to be set is stored in a predetermined
region in the RAM 16.
[0036] The external storage unit 22 includes one or
plural kinds of removable storing mediums such as a
flexible disk (FD), a compact disk (CD), a digital versatile
disk (DVD), a magneto optical disk (MO) and the like.
Data can be transmitted from the storing medium to the
RAM 16 in a state that a desired storing medium is load-
ed into the external storage unit 22. If a loaded medium
is writable such as HD and FD, data in the RAM 16 can
transmit to the storing medium.
[0037] As a program storing unit, a storing medium of
the external storage unit can be used instead of the
ROM 14. In this case, the program stored in the storing
medium is transmitted from the external storage unit 22
to the RAM 16. Then, the CPU is executed operations
according to the program stored in the RAM 16. By doing
this, a program addition, version-up, etc. can easily be
executed.
[0038] The displaying unit 24 includes a displaying
device such as a liquid crystal displaying device, and
can display various kids of information such as the
above-described results of the frequency analysis and
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the like.
[0039] The timer 26 generates a tempo clock signal
TCL in a cycle corresponding to a tempo that a tempo
data TM designates, and the tempo clock signal TCL is
provided to the CPU 12. The CPU 12 executes a signal
outputting process to the D/A conversion unit 28 based
on the tempo clock signal TCL. A tempo that the tempo
data TM designates can be set flexibly by a tempo set-
ting device in an input unit 20.
[0040] The D/A conversion unit 28 converts a synthe-
sized digital voice signal to an analogue voice signal.
The analogue voice signal transmitted from the D/A con-
version unit 28 is converted to audio sound by a sound
system 34 including an amplifier, a speaker, etc..
[0041] The MIDI interface 30 is provided for executing
a MIDI communication to a MIDI device 36 that is sep-
arate from this singing voice synthesizing apparatus,
and is used for receiving data for singing voice synthe-
sizing from the MIDI device 36 in the present invention.
As a data for singing voice synthesizing, a lyrics data
and a melody data corresponding to a desired singing
voice, a control parameter data for controlling a musical
expression and the like can be received. These data for
singing voice synthesizing are formed according to what
is called a MIDI format, and the MIDI format may pref-
erably be adapted for the lyrics data and the melody data
input from the input unit 18 and the control parameter
data input from the input unit 20.
[0042] As for the lyrics data, the melody data and the
control parameter data received via the MIDI interface
30, a MIDI system exclusive data, which a manufacturer
can define on its own form will be preferable for enabling
the data to be read before other data. Also, as for one
kind of data of the control parameter data input from the
input unit 20 and the control parameter data received
via the MIDI interface 30, a singer (or a musical tone)
designating data may be used in a case that the voice
synthesis unit data is stored in a later-described data-
base by each singer (or each musical tone). In this case,
as for the singer (or musical tone) designating data, pro-
gram change data of MIDI can be used.
[0043] The communication interface 32 is provided for
data communication to other computer 38 via the com-
munication network (for example, local area network
(LAN), the Internet, and a telephone line) 37. The pro-
grams and various kinds of data necessary for executing
the present invention (for example, the lyrics data, the
melody data, the voice synthesis unit data, etc.) may be
loaded from the computer 38 to the RAM 16 or the ex-
ternal storage unit 22 via the communication network 37
and the communication interface 32 according to a
downloading demand.
[0044] Next, an example of the singing voice analyz-
ing process is explained referring to FIG. 2. At Step 40,
the singing voice signal is input from the input unit 17
via the microphone or the voice inputting terminal to ex-
ecute the A/D conversion, and the digital waveform data
that represents the voice waveform of the input signal

is stored in the RAM 16. FIG. 8A shows an example of
the input voice waveform. Moreover, in FIG. 8A and oth-
er figures, "t" represents time.
[0045] At Step 42, a section waveform is logged at
each section corresponding to each voice synthesis unit
(phoneme or phonemic chain) for the digital waveform
data to be stored (the digital waveform data is divided).
As for the voice synthesis unit, there are a vowel pho-
neme, a phonemic chain of vowel and consonant or con-
sonant and vowel, phonemic chain of consonant and
consonant, phonemic chain of vowel and vowel, a pho-
nemic chain of silence and consonant or vowel, a pho-
nemic chain of vowel or consonant and silence and the
like. As for a vowel phoneme, there is a long sound pho-
neme that is sung by lengthening a vowel. As an exam-
ple, as for a singing voice of [saita], a section waveform
is logged corresponding to each of [#s], [s_a], [a], [a_i],
[I], [i_t], [t_a], [a] and [a#].
[0046] At Step 44, one or plurality of time frame(s) is
fixed by each section waveform, a frequency spectrum
(an amplitude spectrum and a phase spectrum) are de-
tected by executing the frequency analysis for each
frame by the FFT and the like. Then, the data that rep-
resents the frequency spectrum is stored in a predeter-
mined region in the RAM 16. A frame length may be a
certain length or a flexible length. To make the frame
length a flexible length, after the frequency analysis of
one frame as a fixed length, a pitch is detected from the
result of the frequency analysis, and a frame length cor-
responding to the detected pitch is set, and the frequen-
cy analysis can be executed on the frame again. In an-
other case, after the frequency analysis of one frame as
a fixed length, a pitch is detected from the result of the
frequency analysis, a next frame length is set corre-
sponding to the detected pitch, and the frequency anal-
ysis of the next frame can be executed. The number of
frames will be one frame or plurality of frames for a sin-
gle phoneme consisted of only vowel, and will be plural-
ity of frames for the phonemic chain. In FIG. 8B, the fre-
quency spectrum obtained by the frequency analysis of
the voice waveform in FIG. 8A by the FFT is shown.
Moreover, in FIG. 8B and other figures, "f" represents
frequency.
[0047] Next, at Step 46, a pitch is detected based on
the amplitude spectrum by voice synthesis unit, and a
pitch data that represents a detected pitch is generated
to store in a predetermined region in the RAM 16. The
pitch detection can be executed by an averaging meth-
od of all frames of the pitches obtained by each frame.
[0048] At Step 48, plurality of local peaks of a spec-
trum intensity (amplitude) on the amplitude spectrum
are detected by each frame. In order to detect the local
peaks, a method wherein a peak whose amplitude value
is the maximum is detected from the next plurality (for
example, 4) peaks can be used. In FIG. 8B, the detected
plurality of local peaks P1, P2, P3... are indicated.
[0049] At Step 50, a spectrum distribution region cor-
responding to each local peak by each frame on the am-

11 12



EP 1 505 570 A1

8

5

10

15

20

25

30

35

40

45

50

55

plitude spectrum is designated, and an amplitude spec-
trum data represents the amplitude spectrum distribu-
tion in the region depending on the frequency axis to
store in a predetermined region in the RAM 16. As a
method for designating the spectrum distribution region,
there are a method wherein each half of the frequency
axes cut between two adjacent local peaks are assigned
to a spectral distribution region including the local peak
closer to the half and a method wherein the bottom
where the amplitude is the lowest is found between the
adjacent two local peaks, and the frequency of the bot-
tom is used as a boundary of the adjacent spectrum dis-
tribution regions. FIG. 8B shows an example of the
former method wherein the spectrum distribution re-
gions R1, R2, R3... are respectively assigned to the local
peaks P1, P2, P3...
[0050] At Step 52, a phase spectrum data that repre-
sents the phase spectrum distribution in each spectrum
distribution depending on the frequency axis by each
frames based on the phase spectrum is generated, and
it is stored in a predetermined region in the RAM 16. In
FIG. 10A, the amplitude spectrum distribution and the
phase spectrum distribution in one frame in one spec-
trum distribution region are respectively shown with
curves AM1 and PH1.
[0051] At Step 54, a pitch data, an amplitude spec-
trum data and a phase spectrum data are stored in a
voice synthesis unit database by each voice synthesis
unit. The RAM 16 or the external storage device 22 can
be used as a voice synthesis unit database.
[0052] FIG. 3 shows an example of a state of a storing
in a voice synthesis unit database DBS. Voice synthesis
unit data each corresponding to a single phoneme such
as [a], [i], etc., and voice synthesis unit data each cor-
responding to a phonemic chain such as [a_i], [s_a], etc.
are stored in the database DBS. At Step 54, the pitch
data, the amplitude spectrum data and the phase spec-
trum data are stored as voice synthesis unit data.
[0053] At a time of storing the voice synthesis unit da-
ta, by storing the voice synthesis unit data, each having
difference in a singer (a musical tone), the pitch classi-
fication, the dynamics classification, the tempo classifi-
cation and the like from other voice synthesis units, a
natural (or high quality) singing voice can be synthe-
sized. For example, for voice synthesis unit [a], voice
synthesis unit data M1, M2 and M3 respectively corre-
sponding to the tempo classifications "slow", "middle",
and "fast" while the pitch classification is "low" and the
dynamics classification is "small" are recorded by hav-
ing a singer A sing in all the combination of the tempo
classifications "slow", "middle", "fast", the pitch classifi-
cations "high", "middle", "low" and the dynamics classi-
fications "large", "middle", "small". The voice synthesis
unit data corresponding to the other combinations are
recorded in the same way. The pitch data generated at
Step 46 is used when it is judged to which of "low", "mid-
dle" and "high" of the pitch classification the voice syn-
thesis unit data is belonging.

[0054] As for a singer B who has a different voice from
the singer A, a multiplicity of the voice synthesis units
are recorded in the database DBS with different pitch
classifications, dynamics classifications and pitch clas-
sifications by having the singer B sing similar to the
above described singer A. Also, voice synthesis units
other than [a] are recorded in the same manner as de-
scribed above.
[0055] Although the voice synthesis unit data are gen-
erated in accordance with the singing voice signal input
from the input unit 17 in the above-described example,
the singing voice signal can be input via the interface 30
or 32, and the voice synthesis unit data can be gener-
ated in accordance with the input voice signal. Moreo-
ver, the database DBS can be stored not only in the RAM
16 or the external storage unit 22 but also in the ROM14,
a storage unit of the MIDI device 36, a storage unit of
the computer 38, etc.
[0056] FIG. 4 shows an example of a singing voice
synthesizing process. At Step 60, lyrics data and melody
data for a desired song are input from the input unit 18
and are stored into the RAM 16. The lyrics data and the
melody data can be also input via the interface 30 or 32.
[0057] At Step 62, a phoneme series corresponding
to the input lyrics data is converted into individual voice
synthesis units. Thereafter, at Step 64, voice synthesis
unit data (pitch data, amplitude spectrum data and
phase data) corresponding to each voice synthesis units
are read from the database DBS. At Step 64, a tone
color, a pitch classification, a dynamics classification, a
tempo classification, etc. may be input from the input
unit 20 as control parameters, and voice synthesis unit
data corresponding to the control parameters directed
by the data.
[0058] By the way, duration of the pronunciation of the
voice synthesis unit is corresponding to the number of
the voice synthesis unit data. That is, when the voice
synthesizing is executed by using the voice synthesis
unit data to be stored without changing, the duration of
the pronunciation corresponding to the number of the
voice synthesis unit data can be obtained. However, the
duration of the pronunciation may be inappropriate de-
pending on a duration of the musical note (an input mu-
sical note length), a set tempo and the like, and chang-
ing the duration of pronunciation will be necessary. In
order to satisfy this necessity, the number of read frames
of the voice synthesis unit data may be controlled cor-
responding to the input note length, the set tempo and
the like.
[0059] For example, in order to shortening the dura-
tion of the pronunciation of the voice synthesis unit, the
voice synthesis unit data is read skipping a part of
frames. Also, in order to lengthening the duration of the
pronunciation of the voice synthesis unit, voice synthe-
sis unit data is red repeatedly. Moreover, when a long
sound of a single phoneme such as [a] is synthesized,
the duration of the pronunciation tends to be changed.
Synthesizing the long sound is explained later with ref-
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erence to FIGs. 14 to 16.
[0060] At Step 66, the amplitude spectrum data of
each frame is adjusted corresponding to a pitch of the
input musical note corresponding to each voice synthe-
sis unit. That is, the amplitude spectrum distribution that
the amplitude spectrum data represents by each spec-
trum distribution region is moved on the frequency axis
to be a pitch corresponding to the input musical note
pitch.
[0061] FIGS. 10A and 10B show an example of mov-
ing the spectrum distribution region AM1 to the region
AM2 for rising the pitch of the spectrum distribution re-
gion with a local peak frequency of fi and the lower and
the upper limit frequencies are fl and fu.
[0062] In this case, as for the spectrum distribution
AM2, the frequency of the local peak is Fi=T,fi, and a
pitch conversion ratio is called T=Fi/fi. Also, the lower
limit frequency Fi and the upper limit Fu are decided cor-
responding to each frequency difference "fi-fi" and "fu-fi".
[0063] FIG. 9A shows the spectrum distribution re-
gions R1, R2, R3 (same as shown in FIG. 8B) respec-
tively having the local peaks P1, P2, P3, and FIG. 9B
shows an example of moving the spectrum distribution
regions toward the higher note in a direction of the fre-
quency axis. In a spectrum distribution region R1 shown
in FIG. 9B, the frequency, the lower limit frequency f11
and the upper limit frequency f12of the local peak P1 are
decided as same as the same method with reference to
FIG. 10 described in the above. It also can be applied
to other spectrum distribution region.
[0064] In the above-described example, however, the
spectrum distribution is moved toward the higher pitch
side on the frequency axis to rise the pitch, it can be
moved toward the lower pitch side on the frequency axis
to lower the pitch. In this case, two spectrum distribution
regions Ra and Rb are partly overlapped as shown in
FIG. 11.
[0065] In an example in FIG. 11, the local peak Pb and
the spectrum distribution region Pb that has a lower limit
frequency fb1 (fb1<fa2) and the upper limit frequency fb2
(fb2>fa2) to the spectrum distribution region Ra are over-
lapped in frequency regions fa1 to fa2. In order to avoid
this kind of situation, for example, the frequency regions
fb1 to fa2 are divided into two by a central frequency, the
upper frequency fa2 in the region Ra is converted to a
predetermined frequency that is lower than the fc, and
the lower frequency fb1 in the region Rb is converted to
a predetermined frequency that is higher than the fc. As
a result, in the region Ra, a spectrum distribution AMa
can be used in a frequency region that is lower than the
fc, and in the region Rb, a spectrum distribution AMa can
be used in a frequency region that is higher than the fc.
[0066] As described in the above, when the spectrum
distribution that includes the local peak is moved on the
frequency axis, the spectrum envelope stretches and
shortens only by changing the frequency setting, and a
problem that the musical tone is different from the input
voice waveform arises. In order to reproduce the musi-

cal tone of the input voice waveform, it is necessary that
the spectrum intensity of local peaks of one or plurality
of the spectrum distribution region is adjusted along with
the spectrum envelope corresponding to a linked line
with the local peaks of a series of spectrum distribution
region by each frame.
[0067] FIG. 12 shows an example of the spectrum in-
tensity adjustment, and FIG. 12A shows a spectrum en-
velope EV corresponding to local peaks P11 to P18 be-
fore the pitch-shift. In order to rise the pitch in proportion
to the input musical note pitch, the spectrum intensity is
increased or decreased to be along with the spectrum
envelope to the spectrum envelope EV at a time that the
local peaks P11 to P18 are moved on the frequency axis
as shown in P21 to P28 in FIG. 12B. As a result, a musical
tone that is same as the input voice waveform can be
obtained.
[0068] In FIG. 12A, Rf is a frequency region lacked
with the spectrum envelope. When the pitch is raised,
transferring the local peaks such as P27, P28 and the like
to the frequency region Rf as shown in FIG. 12B may
be necessary. In order to avoid this kind of situation, the
spectrum envelope of the frequency region Rf is ob-
tained by an interpolation method as shown in FIG. 12B,
and the spectrum intensity of the local peak is adjusted
according to the obtained spectrum envelope EV.
[0069] In the above-described example, however,
musical tone of the input voice waveform is reproduced,
a musical tone that is different from the input voice wave-
form may be added on the synthesizing voice. By doing
this, the spectrum intensity may be adjusted by using
the spectrum envelope that the spectrum envelope EV
shown in FIG. 12 is transformed or a new spectrum en-
velope.
[0070] In order to simplify a process using the spec-
trum envelope, the spectrum envelope is preferably ex-
pressed with a curve or a straight line. FIG. 13 shows
two kinds of spectrum envelope curves EV1 and EV2.
The curve EV1 simply expresses the spectrum envelope
with a line graph by linking each of local peaks by a
straight line. Also, the curve EV2 expresses the spec-
trum envelope by a cubic spline function. When the
curve EV2 is used, the interpolation can accurately be
executed..
[0071] Next, at Step 68 in FIG. 4, the phase spectrum
data is adjusted by each voice synthesis unit corre-
sponding to the adjustment of the amplitude spectrum
data of each frame. That is, in a spectrum distribution
region that includes ith local peak in a frame as shown
FIG. 10A, a phase spectrum distribution PH1 is corre-
sponding to an amplitude distribution AM1. When the
amplitude spectrum distribution AM1 is moved as AM2
at Step 66, it is necessary that the phase spectrum dis-
tribution PH1 is adjusted corresponding to the amplitude
spectrum distribution AM2. This is for making the phase
spectrum distribution PH1 a sine wave at a frequency at
a local peak of a target place of the moving.
[0072] When a time interval between the frames is ∆t,

15 16



EP 1 505 570 A1

10

5

10

15

20

25

30

35

40

45

50

55

a local peak frequency is fi, and a pitch conversion ratio
is T, a phase interpolation amount ∆ψ1 related to the
spectrum distribution region that contains ith local peak
is provided with a following equation A1.

[0073] The interpolation amount ∆ψi that is obtained
by the equation A1 is added to a phase of each phase
spectrum in the regions Fi to Fu as shown in FIG. 10B,
and the phase at a frequency Fi of the local peak is
ψi+∆ψi.
[0074] The phase interpolation as described in the
above is executed for each spectrum distribution region.
For example, in one frame, in the case that the frequen-
cy of the local peak is perfectly in a harmonic relation
(the harmonic frequency is an absolute integral multiple
of the fundamental frequency), the fundamental fre-
quency of the input voice (that is, the pitch that the pitch
data in the voice synthesis unit data represents) is fo.
When numbers of the spectrum distribution region are
k=1, 2, 3, ...., the phase interpolation amount ∆ψi is pro-
vided with a following equation A2.

[0075] At Step 70, a reproduction starting time is de-
cided corresponding to the set tempo and the like by
each voice synthesis unit. The reproduction starting
time depends on the set tempo and the input musical
note length and can be represented with a clock count
of the tempo clock signal TCL. As an example, in the
case of the singing voice [saita], the reproduction start-
ing time of the voice synthesis unit [s_a] is set in order
to start [a] other than [s] at a note-on time that is decided
by the input musical note length and the set tempo. At
Step 60, the lyrics data and the melody are input on real
time base. When the singing voice synthesizing is exe-
cuted on real time base, the lyrics data and the melody
data are input before the note-on time in order to be pos-
sible to set the reproduction starting time described in
the above.
[0076] At Step 72, a spectrum intensity level can be
adjusted between the voice synthesis units. This'level
adjustment process is executed for both of the ampli-
tude spectrum data and the phase spectrum data, and
it is executed for preventing a noise generated at a time
of a synthesizing voice generation with a data connec-
tion at a next Step 74. There are a smoothing process,
a level adjustment process and the like as a level ad-
justment process, and these processes are explained
later referring to FIGS. 17 to 20.
[0077] At Step 74, the amplitude spectrum data are
connected to each another, and the phase spectrum da-
ta are connected to each another. Then, at Step 76, the

∆ψi=2πfi(T-1) ∆t (A1)

∆ψi=2πfok (T-1) ∆t (A2)

amplitude spectrum data and the phase spectrum data
are converted to a synthesized voice signal (a digital
waveform data) of the time region by each voice syn-
thesis unit.
[0078] FIG. 5 shows an example of a conversion proc-
ess at Step 76. At Step 76a, a reverse FFT process is
executed on the frame data (the amplitude spectrum da-
ta and the phase spectrum data) of the frequency region
to obtain the synthesized voice signal of the time region.
Then, at Step 76b, a windowing process is executed on
the synthesized voice signal of the time region. In this
process, a time windowing function is multiplied on the
synthesized voice signal of the time region. At Step 76c,
an overlapping process is executed on the synthesized
voice signal of the time region. In this process, the syn-
thesized voice signal of the time region is connected by
overlapping the waveform of the voice synthesis unit in
an order.
[0079] At Step 78, the synthesized voice signal is out-
put to the D/A converting unit 28 referring to the repro-
duction starting time decided at Step 78. As a result, the
singing voice is generated to be synthesized from the
sound system 34.
[0080] FIG. 6 shows another example of the singing
voice analyzing process. At Step 80, the singing voice
signal is input as same way as that is described before
with reference to Step 40, and the digital waveform data
that represents the voice waveform of the input signal
is stored in the RAM 16. The singing voice signal may
be input via the interface 30 or 32.
[0081] At Step 82, a section waveform is logged by
each section corresponding to the voice synthesis unit
for the digital waveform data to be stored as same way
as that is described before with reference to Step 42.
[0082] At Step 83, a section waveform data (the voice
synthesis unit data) that represents the section wave-
form by each voice synthesis unit is stored in the voice
synthesis unit database. The RAM 16 and the external
storage unit 22 can be used as the voice synthesis unit
database, and The ROM 14, a storing device in the MIDI
device 36 and the storing device in the computer 38 may
be used depending on a request. At a time of storing the
voice synthesis unit data, section waveform data m1,
m2, m3... which are different in the singer (the musical
tone), the pitch classification, the dynamics classifica-
tion and the tempo classification by each voice synthe-
sis unit can be stored in the voice synthesis unit data-
base DBS as same way as that is described before with
reference to FIG. 3.
[0083] Next, another example of the singing voice
synthesizing process is explained referring to FIG. 7. At
Step 90, the lyrics data and the melody data correspond-
ing to the desired singing voice are input as same way
as that is described before with reference to Step 60.
[0084] At Step 92, the phonemic series that the lyrics
data represents is converted to individual voice synthe-
sis unit as same way as that is described before with
reference to Step 62. Then at Step 94, the section wave-
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form data (the voice synthesis unit data) corresponding
to each voice synthesis unit is read from the database
that is executed the storing process at Step 84. In this
case, data such as the musical tone, the pitch classifi-
cation, the dynamics classification and the tempo clas-
sification are input as a control parameter from the input
unit 20, and the section waveform data corresponding
to the control parameter that the data instructs may be
read. Also, the duration of pronunciation of the voice
synthesis unit may be changed corresponding to the in-
put musical note length and the set tempo as same way
as that is described before with reference to Step 64.
For doing this, when the voice waveform is read, reading
the voice waveform may be continued only for a desired
duration of pronunciation by omitting a part of the voice
waveform or repeating a part or whole of the voice wave-
form.
[0085] At Step 96, one or plurality of time frames are
decided for the section waveform by each section wave-
form data to be read, and the frequency analysis is ex-
ecuted by each frame by the FFT and the like to detect
the frequency spectrum (the amplitude spectrum and
the phase spectrum). Then data that represents the fre-
quency spectrum is stored in a predetermined region in
the RAM 16.
[0086] At Step 98, the same processes as Steps 46
to 52 in FIG. 2 are executed to generate the pitch data,
the amplitude spectrum data and the phase spectrum
data by each voice synthesis unit. Then at Step 100, the
same processes as Steps 66 to 78 in FIG. 4 are execut-
ed to synthesize the singing voice and reproduce it.
[0087] The singing voice synthesizing process in FIG.
7 is compared to the singing voice synthesizing process
in FIG. 4. In the singing voice synthesizing process in
FIG. 4, the pitch data, the amplitude spectrum data and
the phase spectrum data by each voice synthesis unit
are obtained from the database to execute the singing
voice synthesizing. On the other hand, in the singing
voice synthesizing process in FIG. 7, the section wave-
form data by each voice synthesis unit is obtained from
the database to execute the singing voice synthesizing.
However, they are different from each other in a point
described in the above, the procedure of the singing
voice synthesizing is substantially the same. According
to the singing voice synthesizing in FIG. 4 or FIG. 7,
since the frequency analysis result of the input voice
waveform is not split into the deterministic component
and the stochastic component, the stochastic compo-
nents is not split and resound. Therefore, a natural (a
high qualified) synthesized voice can be obtained. Also,
a natural synthesized voice can be obtained as for the
voiced fricative and plosive sound.
[0088] FIG. 14 shows the pitch-shift process and a
musical tone adjustment process (corresponding to
Step 66 in FIG. 4) related to a long sound of a single
phoneme such as [a]. In this case, a data set (a section
waveform data) of the pitch data, the amplitude spec-
trum data and the phase spectrum data shown in FIG.

3 is provided in the database. Also, the voice synthesis
unit data that is different in the singer (the musical tone),
the pitch classification, the dynamics classification and
the tempo classification is stored in the database. When
the control parameter such as a desired singer (a de-
sired musical tone), pitch classification, dynamics clas-
sification and tempo classification is designated in the
input unit 20, the voice synthesis unit data correspond-
ing to the control parameter to be designated is read.
[0089] At Step 110, the pitch changing process that is
the same as the process at Step 66 is executed on an
amplitude spectrum data FSP that is resulted from a
long sound voice synthesis unit data SD. That is, the
spectrum distribution is moved where a pitch corre-
sponds to the input musical note pitch that the input mu-
sical note pitch data PT shows on the frequency axis by
each spectrum distribution region of each frame related
to amplitude spectrum data FSP.
[0090] In the case that the long sound whose duration
of the pronunciation is longer than the time length of the
voice synthesis unit data SD is required, after reading
the voice synthesis unit data SD to the end, the process
returns to the start to read again. As doing this, a method
to repeat the reading in a time sequential order can be
adapted depending on a necessity. As another method,
the voice synthesis unit data SD is read from the end to
the start after it is read to the end, and a method to repeat
the reading in a time sequential order and the reading
in a time reverse order depending on the necessity may
be adapted. In this method, a reading starting point at a
time of the reading in a time reverse order may be set
randomly.
[0091] In the database DBS shown in FIG. 3 in the
pitch changing process at Step 110, for example, a pitch
throb data that represents a time sequential pitch
change is stored corresponding to each of a long voice
synthesis unit data M1 (or m1), M2 (or m2) and M3 (or
m3), etc. such as [a]. In this case, at Step 112, the pitch
throb data VP to be read is added on the input musical
note pitch, and the pitch changing at Step 110 is con-
trolled corresponding to the pitch controlling data as ad-
dition result. By doing this, the pitch throb (for example,
the pitch bend, vibrato and the like) can be added on the
synthesized voice to obtain a natural synthesized voice.
Also, since a style of a pith throb can be altered corre-
sponding to the control parameters such as the musical
tone, the pitch classification, the dynamics classification
and the tempo classification, naturalness is improved.
The pitch throb data may be used by modifying one or
plurality of pitch throb data corresponding to the voice
synthesis unit by interpolation corresponding to the con-
trol parameter such as the musical tone and the like.
[0092] At Step 114, a musical tone adjustment proc-
ess is executed on an amplitude spectrum data FSP'
that is executed the pitch changing process at Step 110.
This process is to set the musical tone of the synthe-
sized voice adjusting the spectrum intensity according
to the spectrum envelope by each frame as described
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before with reference to FIG. 12.
[0093] FIG. 15 shows an example of the musical tone
adjustment process at Step 114. In this example, for ex-
ample, the spectrum envelope data that represents one
typical spectrum envelope corresponding to the voice
synthesis unit of the long sound [a] is stored in the da-
tabase shown in FIG. 3.
[0094] At Step 116, the spectrum envelope data cor-
responding to the voice synthesis unit of the long sound
is read from the database DBS. Then at Step 118, a
spectrum envelope setting process is executed based
one the spectrum envelope data to be read. That is, the
spectrum envelope is set by adjusting the spectrum in-
tensity in order to be along with the spectrum envelope
indicated by the spectrum envelope data for each am-
plitude spectrum data of each frame of plurality of n
frames amplitude spectrum data FRi to FRn in a frame
group FR of long sounds. As a result, an appropriate
musical tone can be added on the long sound.
[0095] In the spectrum envelope setting process at
Step 118, for example, for example, a spectrum enve-
lope throb data that represents a time sequential spec-
trum envelope change is stored corresponding to each
of a long voice synthesis unit data such as [a] M1 (or
m1), M2 (or m2) and M3 (or m3) in the database DBS
shown in FIG. 3, and the spectrum envelope throb data
corresponding to the control parameter to be designated
responding to designating the control parameter such
as the musical tone, the pitch classification, the dynam-
ics classification and the tempo classification in the input
unit 20 may be read. In this case, at Step 118, the spec-
trum envelope throb data VE to be read is added on the
spectrum envelope throb data to be read at Step 116,
and the spectrum envelope setting at Step 118 is con-
trolled corresponding to the spectrum envelope control-
ling data as addition result. By doing this, the musical
tone throb (for example, tone bend and the like) can be
added on the synthesized voice to obtain a natural syn-
thesized voice. Also, since a style of a pith throb can be
altered corresponding to the control parameters such as
the musical tone, the pitch classification, the dynamics
classification and the tempo classification, naturalness
is improved. The pitch throb data may be used by mod-
ifying one or plurality of pitch throb data corresponding
to the voice synthesis unit by interpolation correspond-
ing to the control parameter such as the musical tone
and the like.
[0096] FIG. 16 shows another example of the musical
tone adjustment process at Step 114. In the singing
voice synthesizing, a singing voice synthesizing of a
phoneme series (e.g., [s_a]) - a single phoneme (e.g.,
[a]) - a phoneme series (e.g., [a_i]) such as the above
described example of singing [saita] is a typical exam-
ple, and FIG. 16 shows the example of the typical sing-
ing voice synthesizing. In FIG. 16, a former note in am-
plitude spectrum data PFR of the last frame of the former
note is corresponding to, for example, the phoneme se-
ries [s_a], a long sound of n frames amplitude spectrum

data FRi to FRn of long sound is corresponding to, for
example, the single phoneme [a], and a latter note in
amplitude spectrum data PFR of the first frame of the
latter note is corresponding to, for example, the pho-
neme series [a_i].
[0097] At Step 120, the spectrum envelope is extract-
ed from am amplitude spectrum data PFR of a last frame
of a former note, and the spectrum envelope is extracted
from am amplitude spectrum data NFR of a first frame
of the latter note. Then two spectrum envelopes to be
extracted are executed a time interpolation, and a spec-
trum envelope data that represents a spectrum enve-
lope for a long sound is formed.
[0098] At Step 122, the spectrum envelope is set by
adjusting the spectrum intensity in order to be along with
the spectrum envelope that the spectrum envelope data
to be formed at Step 120 indicates for each amplitude
spectrum data of each frame of plurality of n frames am-
plitude spectrum data FRi to FRn. As a result, an appro-
priate musical tone can be added on the long sound be-
tween the phonemic chains.
[0099] Also, at Step 122, the spectrum envelope set-
ting can be controlled by reading the spectrum envelope
throb data VE from the database DBS corresponding to
the control parameter such as musical tone and the like
as same as the before-described process with reference
to Step 118. By doing this, a natural synthesized voice
can be obtained.
[0100] Next, an example of the smoothing process
(corresponding to Step 72) is explained referring to
FIGS. 17 to 19. In this example, in order to make data
easy to be handled and to simplify a calculation, a spec-
trum envelope of each frame of a voice synthesis unit is
analyzed into a slope component represented by a
straight line (or an index function) and one or plurality
of harmonic components represented by an index func-
tion as shown in FIG. 17. That is, an intensity of the har-
monic component is calculated based on the slope com-
ponent, and the spectrum envelope is represented by
adding the slope component and the harmonic compo-
nent. Also, a value extended the slope component to
OHz is called a gain of the slope component.
[0101] As an example, two voice synthesis units [a_i]
and [i_a] as shown in FIG. 18 are connected each other.
Since these voice synthesis units are originally extract-
ed from different recordings, there is a miss matching in
musical tones and levels of connecting part [i]. Then, a
step of a waveform is formed at the connecting part as
shown in FIG. 18, and it is heard as a noise. By cross-
fading each parameter of slope components and har-
monic components of two voice synthesis unit data with
the connecting point as a center from a few frames be-
fore or after the center, a step at the connecting point is
eliminated and generation of noise can be prevented.
[0102] For example, in order to cross fade parameters
for harmonic components, as shown in FIG. 19, the pa-
rameters for harmonic components of both voice syn-
thesis unit data is multiplied by a function (cross fade
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parameter) that makes parameters to be 0.5 at the con-
necting point and the products of the multiplication are
added together. In FIG. 19, an example wherein the
cross-fading is executed by adding waveforms, each
representing time sequential change of intensity of the
first harmonic component (based on the slope compo-
nents) for a voice synthesis unit [a_i] or [i_a] and each
waveform is multiplied by the cross fade parameter.
[0103] The cross fading can be executed also on pa-
rameters such as other harmonic components and
slope components as same as the above.
[0104] FIG. 20 is an example of the level adjustment
process (corresponding to Step 72). In this example, as
same as the above, the level adjustment process in the
case that [a_i] and [i_a] are connected to synthesize is
explained.
[0105] In this case, the level adjustment is executed
in order to be almost same amplitudes before and after
the connecting point of voice synthesis units instead of
cross fading. The level adjustment can be executed by
multiplying a certain or a transitional coefficient to the
amplitude of the voice synthesis unit.
[0106] In this example, it is explained that gains of
slope components of two voice synthesis units are
joined. First, as shown in FIG. 20A and 20B, for voice
synthesis units [a_i] and [i_a], parameters (broken lines
in the drawings) are calculated by interpolating gains of
slope components between the fist frame and the last
frame, and differences between the actual slope com-
ponents and the interpolated parameters.
[0107] Next, typical samples (the slope components
and each parameter of the harmonic component) for
each of phonemes [a] and [i] are calculated. As the typ-
ical samples, the amplitude spectrum data of the first
and the last frames of [a_I] can be calculated.
[0108] In accordance with the typical samples of [a]
and [i], as indicated by the broken line shown in FIG.
20C, parameters calculated by the linear interpolation
of the gains of the slope components between [a] and
[i] are obtained, and parameters calculated by the linear
interpolation of the gains of the slope components be-
tween [i] and [a] are obtained. Next, by adding the dif-
ferences calculated with FIGs. 20A and 20B respective-
ly to the interpolated parameters, the interpolated pa-
rameters are agreed every time at a boundary; there-
fore, discontinuity of the gains of the slope components
is not generated. By the same manner, discontinuity can
be prevented for the other parameters such as the pa-
rameters of the harmonic component.
[0109] At the above described Step 72, the above de-
scribed smoothing process or level adjustment process
is applied not only to the amplitude spectrum data but
also to the phase spectrum data for adjustment of
phase. As a result, production of noise can be prevent-
ed, and high quality singing voice synthesizing can be
achieved. Further, in the smoothing process or level ad-
justment process, although the spectrum intensities are
completely agreed at the connecting point, the spectrum

intensities can be approximately agreed.
[0110] The present invention has been described in
connection with the preferred embodiments. The inven-
tion is not limited only to the above embodiments. It is
apparent that various modifications, improvements,
combinations, and the like can be made by those skilled
in the art.

Claims

1. A singing voice synthesizing method, comprising
the steps of:

(a) detecting a frequency spectrum by analyz-
ing a frequency of a voice waveform corre-
sponding to voice synthesis unit of a voice to
be synthesized;
(b) detecting a plurality of local peaks of a spec-
trum intensity on the frequency spectrum;
(c) designating, for each of the plurality of the
local peaks, a spectrum distribution region in-
cluding the local peak and spectrums therebe-
fore and thereafter on the frequency spectrum
and generating amplitude spectrum data repre-
senting an amplitude spectrum distribution de-
pending on a frequency axis for each spectrum
distribution region;
(d) generating phase spectrum data represent-
ing a phase spectrum distribution depending on
the frequency axis for each spectrum distribu-
tion region;
(e) designating a pitch for the voice to be syn-
thesized;
(f) adjusting, for each spectrum distribution re-
gions, the amplitude spectrum data for moving
the amplitude spectrum distribution represent-
ed by the amplitude spectrum data along the
frequency axis in accordance with the pitch;
(g) adjusting, for each spectrum distribution re-
gions, the phase spectrum distribution repre-
sented by the phase spectrum data in accord-
ance with the adjustment of the amplitude spec-
trum data; and
(h) converting the adjusted amplitude spectrum
data and the adjusted phase spectrum data into
a synthesized voice signal of a time region.

2. A singing voice synthesizing method, comprising
the steps of:

(a) obtaining amplitude spectrum data and
phase spectrum data corresponding to a voice
synthesis unit of a voice to be synthesized,
wherein the amplitude spectrum data is data
representing an amplitude spectrum distribu-
tion depending on a frequency axis for each
spectrum distribution region for each of a plu-
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rality of local peaks of a spectrum intensity in-
cluding the local peak and spectrums therebe-
fore and thereafter in a frequency spectrum ob-
tained by a frequency analysis of a voice wave-
form of the voice synthesis unit, and the phase
spectrum data is data representing a phase
spectrum distribution depending on the fre-
quency axis for each spectrum distribution re-
gion;
(b) designating a pitch for the voice to be syn-
thesized;
(c) adjusting, for each spectrum distribution re-
gions, the amplitude spectrum data for moving
the amplitude spectrum distribution represent-
ed by the amplitude spectrum data along the
frequency axis in accordance with the pitch;
(d) adjusting, for each spectrum distribution re-
gions, the phase spectrum distribution repre-
sented by the phase spectrum data in accord-
ance with the adjustment of the amplitude spec-
trum data; and
(e) converting the adjusted amplitude spectrum
data and the adjusted phase spectrum data into
a synthesized voice signal of a time region.

3. A singing voice synthesizing method according to
claim 1, wherein the pitch designating step (e) des-
ignates the pitch in accordance with pitch throb data
representing a variation of the pitch in a time se-
quence.

4. A singing voice synthesizing method according to
claim 3, wherein the pitch throb data is correspond-
ing to a control parameter for controlling a musical
expression of the voice to be synthesized.

5. A singing voice synthesizing method according to
claim 1, wherein the amplitude spectrum data ad-
justing step (f) adjusts the spectrum intensity of the
local peak that is not along with a spectrum enve-
lope corresponding to a line connecting each of the
plurality of the local peaks before the adjustment to
be along with the spectrum envelope.

6. A singing voice synthesizing method according to
claim 1, wherein the amplitude spectrum data ad-
justing step (f) adjusts intensity of the local peak that
is not along with a predetermined spectrum enve-
lope to be along with the predetermined spectrum
envelope.

7. A singing voice synthesizing method according to
claim 5, wherein the amplitude spectrum data ad-
justing step (f) sets the spectrum envelope that var-
ies in a time sequence by adjusting the intensity in
accordance with spectrum envelope throb data rep-
resenting a variation of the spectrum envelope for
a time sequence for sequential time frames.

8. A singing voice synthesizing method according to
claim 7, wherein the spectrum envelope throb data
is corresponding to a control parameter for control-
ling a musical expression of the voice to be synthe-
sized.

9. A singing voice synthesizing apparatus, compris-
ing:

a designating device that designates a voice
synthesis unit and a pitch for a voice to be syn-
thesized;
a reading device that reads voice waveform da-
ta representing a waveform corresponding to
the voice synthesis unit as voice synthesis unit
data from a voice synthesis unit database;
a first detecting device that detects a frequency
spectrum by analyzing a frequency of the voice
waveform represented by the voice waveform
data;
a second detecting device that detects a plural-
ity of local peaks of a spectrum intensity on the
frequency spectrum;
a first generating device that designates, for
each of the plurality of the local peaks, a spec-
trum distribution region including the local peak
and spectrums therebefore and thereafter on
the frequency spectrum and generates ampli-
tude spectrum data representing an amplitude
spectrum distribution depending on a frequen-
cy axis for each spectrum distribution region;
a second generating device that generates
phase spectrum data representing a phase
spectrum distribution depending on the fre-
quency axis for each spectrum distribution re-
gion;
a first adjusting device that adjusts, for each
spectrum distribution regions, the amplitude
spectrum data for moving the amplitude spec-
trum distribution represented by the amplitude
spectrum data along the frequency axis in ac-
cordance with the pitch;
a second adjusting device that adjusts, for each
spectrum distribution regions, the phase spec-
trum distribution represented by the phase
spectrum data in accordance with the adjust-
ment of the amplitude spectrum data; and
a converting device that converts the adjusted
amplitude spectrum data and the adjusted
phase spectrum data into a synthesized voice
signal of a time region.

10. A singing voice synthesizing apparatus, compris-
ing:

a designating device that designates a voice
synthesis unit and a pitch for a voice to be syn-
thesized;
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a reading device that reads amplitude spectrum
data and phase spectrum data corresponding
to the voice synthesis unit as voice synthesis
unit data from a voice synthesis unit database,
wherein the amplitude spectrum data is data
representing an amplitude spectrum distribu-
tion depending on a frequency axis for each
spectrum distribution region for each of a plu-
rality of local peaks of a spectrum intensity in-
cluding the local peak and spectrums therebe-
fore and thereafter in a frequency spectrum ob-
tained by a frequency analysis of a voice wave-
form of the voice synthesis unit, and the phase
spectrum data is data representing a phase
spectrum distribution depending on the fre-
quency axis for each spectrum distribution re-
gion;
a first adjusting device that adjusts, for each
spectrum distribution regions, the amplitude
spectrum data for moving the amplitude spec-
trum distribution represented by the amplitude
spectrum data along the frequency axis in ac-
cordance with the pitch;
a second adjusting device that adjusts, for each
spectrum distribution regions, the phase spec-
trum distribution represented by the phase
spectrum data in accordance with the adjust-
ment of the amplitude spectrum data; and
a converting device that converts the adjusted
amplitude spectrum data and the adjusted
phase spectrum data into a synthesized voice
signal of a time region.

11. A singing voice synthesizing apparatus according
to claim 9, wherein

the designating device designates a control
parameter for controlling a musical expression of
the voice to be synthesized, and

the reading device reads voice synthesis unit
data corresponding to the voice synthesis unit and
the control parameter.

12. A singing voice synthesizing apparatus according
to claim 9, wherein

the designating device designates a note
length and/or tempo for the voice to be synthesized,
and

the reading device continues to read the voice
synthesis unit data for a time corresponding to the
note length and/or the tempo by omitting a part of
or repeating a part or whole of the voice synthesis
unit data.

13. A singing voice synthesizing apparatus, compris-
ing:

a designating device that designates a voice
synthesis unit and a pitch for each of voices to

be sequentially synthesized;
a reading device that reads voice waveform da-
ta corresponding to each of the voice synthesis
unit designated by the designating device from
a voice synthesis unit database;
a first detecting device that detects a frequency
spectrum by analyzing a frequency of the voice
waveform corresponding to each voice wave-
form;
a second detecting device that detects a plural-
ity of local peaks of a spectrum intensity on the
frequency spectrum corresponding to each
voice waveform;
a first generating device that designates, for
each of the plurality of the local peaks for each
voice synthesis unit, a spectrum distribution re-
gion including the local peak and spectrums
therebefore and thereafter on the frequency
spectrum and generates amplitude spectrum
data representing an amplitude spectrum dis-
tribution depending on a frequency axis for
each spectrum distribution region;
a second generating device that generates
phase spectrum data representing a phase
spectrum distribution depending on the fre-
quency axis for each spectrum distribution re-
gion of each voice synthesis unit;
a first adjusting device that adjusts, for each
spectrum distribution regions of each voice
synthesis unit, the amplitude spectrum data for
moving the amplitude spectrum distribution
represented by the amplitude spectrum data
along the frequency axis in accordance with the
pitch;
a second adjusting device that adjusts, for each
spectrum distribution regions of each voice
synthesis unit, the phase spectrum distribution
represented by the phase spectrum data in ac-
cordance with the adjustment of the amplitude
spectrum data;
a first connecting device that connects the ad-
justed amplitude spectrum data to connect se-
quential voice synthesis units respectively cor-
responding to the voices to be sequentially syn-
thesized in a pronunciation order, wherein the
spectrum intensities are adjusted to be agreed
or approximately agreed with each another at
connection points of the sequential voice syn-
thesis units;
a second connecting device that connects the
adjusted phase spectrum data to connect se-
quential voice synthesis units respectively cor-
responding to the voices to be sequentially syn-
thesized in a pronunciation order, wherein the
phases are adjusted to be agreed or approxi-
mately agreed with each another at connection
points of the sequential voice synthesis units;
a converting device that converts the connect-
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ed amplitude spectrum data and the connected
phase spectrum data into a synthesized voice
signal of a time region.

14. A singing voice synthesizing apparatus, compris-
ing:

a designating device that designates a voice
synthesis unit and a pitch for each of voices to
be sequentially synthesized;
a reading device that reads voice waveform da-
ta corresponding to each of the voice synthesis
unit designated by the designating device from
a voice synthesis unit database, wherein the
amplitude spectrum data is data representing
an amplitude spectrum distribution depending
on a frequency axis for each spectrum distribu-
tion region for each of a plurality of local peaks
of a spectrum intensity including the local peak
and spectrums therebefore and thereafter in a
frequency spectrum obtained by a frequency
analysis of a voice waveform of the voice syn-
thesis unit, and the phase spectrum data is data
representing a phase spectrum distribution de-
pending on the frequency axis for each spec-
trum distribution region;
a first adjusting device that adjusts, for each
spectrum distribution regions of each voice
synthesis unit, the amplitude spectrum data for
moving the amplitude spectrum distribution
represented by the amplitude spectrum data
along the frequency axis in accordance with the
pitch;
a second adjusting device that adjusts, for each
spectrum distribution regions of each voice
synthesis unit, the phase spectrum distribution
represented by the phase spectrum data in ac-
cordance with the adjustment of the amplitude
spectrum data;
a first connecting device that connects the ad-
justed amplitude spectrum data to connect se-
quential voice synthesis units respectively cor-
responding to the voices to be sequentially syn-
thesized in a pronunciation order, wherein the
spectrum intensities are adjusted to be agreed
or approximately agreed with each another at
connection points of the sequential voice syn-
thesis units;
a second connecting device that connects the
adjusted phase spectrum data to connect se-
quential voice synthesis units respectively cor-
responding to the voices to be sequentially syn-
thesized in a pronunciation order, wherein the
phases are adjusted to be agreed or approxi-
mately agreed with each another at connection
points of the sequential voice synthesis units;
a converting device that converts the connect-
ed amplitude spectrum data and the connected

phase spectrum data into a synthesized voice
signal of a time region.

15. A storage medium storing a program for a singing
voice synthesizing apparatus, the program com-
prising the instructions for:

(a) detecting a frequency spectrum by analyz-
ing a frequency of a voice waveform corre-
sponding to voice synthesis unit of a voice to
be synthesized;
(b) detecting a plurality of local peaks of a spec-
trum intensity on the frequency spectrum;
(c) designating, for each of the plurality of the
local peaks, a spectrum distribution region in-
cluding the local peak and spectrums therebe-
fore and thereafter on the frequency spectrum
and generating amplitude spectrum data repre-
senting an amplitude spectrum distribution de-
pending on a frequency axis for each spectrum
distribution region;
(d) generating phase spectrum data represent-
ing a phase spectrum distribution depending on
the frequency axis for each spectrum distribu-
tion region;
(e) designating a pitch for the voice to be syn-
thesized;
(f) adjusting, for each spectrum distribution re-
gions, the amplitude spectrum data for moving
the amplitude spectrum distribution represent-
ed by the amplitude spectrum data along the
frequency axis in accordance with the pitch;
(g) adjusting, for each spectrum distribution re-
gions, the phase spectrum distribution repre-
sented by the phase spectrum data in accord-
ance with the adjustment of the amplitude spec-
trum data; and
(h) converting the adjusted amplitude spectrum
data and the adjusted phase spectrum data into
a synthesized voice signal of a time region.

16. A storage medium storing a program for a singing
voice synthesizing apparatus, the program com-
prising the instructions for:

(a) obtaining amplitude spectrum data and
phase spectrum data corresponding to a voice
synthesis unit of a voice to be synthesized,
wherein the amplitude spectrum data is data
representing an amplitude spectrum distribu-
tion depending on a frequency axis for each
spectrum distribution region for each of a plu-
rality of local peaks of a spectrum intensity in-
cluding the local peak and spectrums therebe-
fore and thereafter in a frequency spectrum ob-
tained by a frequency analysis of a voice wave-
form of the voice synthesis unit, and the phase
spectrum data is data representing a phase
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spectrum distribution depending on the fre-
quency axis for each spectrum distribution re-
gion;
(b) designating a pitch for the voice to be syn-
thesized;
(c) adjusting, for each spectrum distribution re-
gions, the amplitude spectrum data for moving
the amplitude spectrum distribution represent-
ed by the amplitude spectrum data along the
frequency axis in accordance with the pitch;
(d) adjusting, for each spectrum distribution re-
gions, the phase spectrum distribution repre-
sented by the phase spectrum data in accord-
ance with the adjustment of the amplitude spec-
trum data; and
(e) converting the adjusted amplitude spectrum
data and the adjusted phase spectrum data into
a synthesized voice signal of a time region.

17. A storage medium for a singing voice synthesizing
apparatus, storing amplitude spectrum data and
phase spectrum data corresponding to a voice syn-
thesis unit of a voice to be synthesized, wherein the
amplitude spectrum data is data representing an
amplitude spectrum distribution depending on a fre-
quency axis for each spectrum distribution region
for each of a plurality of local peaks of a spectrum
intensity including the local peak and spectrums
therebefore and thereafter in a frequency spectrum
obtained by a frequency analysis of a voice wave-
form of the voice synthesis unit, and the phase
spectrum data is data representing a phase spec-
trum distribution depending on the frequency axis
for each spectrum distribution region.
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