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SINGING VOICE SYNTHESIZING
APPARATUS, SINGING VOICE
SYNTHESIZING METHOD, AND PROGRAM
FOR REALIZING SINGING VOICE
SYNTHESIZING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a singing voice synthe-
sizing apparatus that synthesizes a singing voice, a method
of synthesizing a singing voice, and a program for realizing
the method thereof.

2. Description of the Related Art

In the past, there has been a wide range of attempts to
synthesize singing voice.

One of these attempts, an application of speech synthesis
by rule, receives inputs of pitch data, which corresponds to
the pitch of a note, and of lyric data, and synthesizes speech
using a synthesis-by-rule device for text-to-speech synthe-
sis. In most cases, raw waveform data or analyzed and
parameterized data are stored in a database in units of
phonemes or phoneme chains comprised of two or more
phonemes. At the time of synthesis, required voice frag-
ments (phonemes or phoneme chains) are selected, concat-
enated, and synthesized. Examples are disclosed in Japanese
Laid-Open Patent Publications (Kokai) Nos. S62-6299,
H10-124082, and H11-1184490, among others.

However, since the object of these technologies is to
synthesize a speaking voice, they are not always capable of
synthesizing a singing voice with satisfactory quality.

For example, a singing voice synthesized by a method of
overlapping and adding waveforms as typified by PSOLA
(Pitch-Synchronous OverLap and Add) has a good degree of
comprehensibility, but often has the problems of unnatural
sounding of elongated tones, for which the quality of a
singing voice varies the greatest, and an unnatural sounding
synthesized voice when there are slight fluctuations of pitch
and vibrato, which are essential for a singing voice.

Moreover, attempting to synthesize a singing voice using
a waveform concatenating type speech synthesizing device
with a large-scale corpus base would require an astronomi-
cally large number of fragment data if the original data are
to be concatenated and output without any processing.

On the other hand, synthesizers whose original purpose is
for synthesizing a singing voice have also been proposed. A
well-known example is the synthesis method of formant
synthesis (Japanese Laid-Open Patent Publication (Kokai)
No. 3-200300). However, although this method offers a large
degree of freedom with respect to the quality and fluctua-
tions of vibrato and pitch of elongated sounds, the clarity of
synthesized sounds (especially consonants) is poor, and
therefore quality is not always satisfactory.

U.S. Pat. No. 5,029,509 discloses a technique known as
Spectral Modeling Synthesis (SMS) for analyzing and syn-
thesizing a musical sound using a model that expresses an
original sound as comprised of two components, namely a
deterministic component and a stochastic component.

With SMS analysis and synthesis, good control of the
musical characteristics of a musical sound is possible, and at
the same time, in the case of a singing voice, through use of
the stochastic component, a high degree of clarity can be
expected from even the consonants. Therefore, applying this
technique to the synthesis of a singing voice is expected to
achieve a synthesized sound having a high degree of clarity
and musicality. In fact, Japanese Patent No. 2906970 pro-
poses specific applications for sound synthesis based on
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SMS analysis and synthesis techniques, and at the same
time, also describes a methodology for utilizing SMS tech-
niques in singing voice synthesis (singing synthesizer).

An application of the techniques proposed in the afore-
mentioned Japanese Patent No. 2906970 to a singing voice
synthesizing apparatus will be described with reference to
FIG. 17.

In FIG. 17, input voices are SMS-analyzed and segmented
into individual voice fragments (phonemes or phoneme
chains) by an SMS-analyzer/segmentor 103, which are
stored to generate a phoneme database 100. The database
100, comprising voice fragment data (phoneme data 101 and
phoneme chain data 102) for a single frame or plurality of
frame strings arranged in a time series, stores SMS data for
each frame, namely changes over time of the spectral
envelope of the deterministic component, the spectral enve-
lope and phase spectrum of the stochastic component, etc.

When synthesizing a singing voice sound, a phoneme
string comprising the desired lyrics is obtained, a phoneme-
to-fragment converter 104 determines the required voice
fragments (phonemes or phoneme chains) that comprise the
phoneme string, and then SMS data (deterministic compo-
nent and stochastic component) of the required voice frag-
ments is read from the aforementioned database 100. Next,
a fragment concatenator 105 concatenates the read-out SMS
data of the voice fragments into a time series. For the
deterministic component, based on pitch information corre-
sponding to a melody of the song, a deterministic component
generator 106 generates harmonic components having the
desired pitch while preserving the shape of the spectral
envelope of the deterministic component. For example, to
synthesize the Japanese word “saita”, the fragments of “#s”,
“s7, “s-a”, “a”, “a-1”, “17, “i-17, “t”, “t-a”, “a”, and “a#” are
concatenated, and the deterministic component of the
desired pitch is generated while preserving the shape of the
spectral envelope included in the SMS data obtained from
the fragment concatenation. Next, the generated determin-
istic component and the stochastic component are added
together by a synthesizing means 107, and the result thereof
is transformed into time domain data to obtain synthesized
voice.

By thus utilizing these SMS techniques, natural sounding
synthesized singing with good comprehensibility can be
obtained even for elongated sounds.

However, the method described in the aforementioned
Japanese Patent No. 2906970 is overly rudimentary and
simplistic, and the following types of problems will occur if
a singing voice is synthesized according to that method.

Because the spectral envelope shape of the deterministic

component of a voiced sound changes somewhat
depending on pitch, synthesis at a pitch different from
the pitch used at the time of analysis cannot, by itself,
achieve good tone color.

When performing SMS analysis in the case of a voiced

sound, even if the deterministic component is removed,
a small fraction of the deterministic component remains
in the residual component. Therefore, using the same
residual component (stochastic component) directly to
synthesize a singing sound at a pitch different from the
original sound as noted above causes the residual
component to become audible noticeably or like noise.

Because the SMS analysis results of phoneme data and

phoneme chain data are superposed temporally as they
are, the duration of an elongated sound and transitional
time between phonemes cannot be adjusted. In other
words, it is not possible to sing at a desired tempo.
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Noise is apt to be generated when concatenating the
phonemes or phoneme chains.

SUMMARY OF THE INVENTION

It is a first object of the present invention to provide a
singing voice synthesizing apparatus and a singing voice
synthesizing method that resolve the above described prob-
lems through prescribing a specific method for utilizing the
SMS techniques proposed in the aforementioned Japanese
Patent No. 2906970 and adding considerable improvements
for enhancing the synthesized sound quality, to thereby
enable achievement of a natural sounding synthesized sing-
ing voice with a good level of comprehensibility, and a
program for realizing a singing voice synthesizing method.

It is a second object of the present invention to provide a
singing voice synthesizing apparatus and a singing voice
synthesizing method that are capable of reducing the size of
the aforementioned database and increasing the efficiency
with which the database is generated, and a program for
realizing a singing voice synthesizing method.

It is a third object of the present invention to provide a
singing voice synthesizing apparatus and a singing voice
synthesizing method that are capable of adjusting the degree
of huskiness in a synthesized voice, and a program for
realizing a singing voice synthesizing method.

To attain the objects, the present invention provides a
singing voice synthesizing apparatus comprising a phoneme
database that stores a plurality of voice fragment data
formed of voice fragments each being a single phoneme or
a phoneme chain of at least two concatenated phonemes,
each of the plurality of voice fragment data comprising data
of a deterministic component and data of a stochastic
component, an input device that inputs lyrics, a readout
device that reads out from the phoneme database the voice
fragment data corresponding to the inputted lyrics, a dura-
tion time adjusting device that adjusts time duration of the
read-out voice fragment data so as to match a desired tempo
and manner of singing, an adjusting device that adjusts the
deterministic component and the stochastic component of
the read-out voice fragment so as to match a desired pitch,
and a synthesizing device that synthesizes a singing sound
by sequentially concatenating the voice fragment data that
have been adjusted by the duration time adjusting device and
the adjusting device.

With the above arrangement according to the present
invention, through improvement of the SMS techniques, a
natural sounding synthesized singing voice with a good level
of comprehensibility can be obtained even for elongated
sounds, and further, even slight variations of vibrato and
pitch do not result in an unnatural sounding synthesized
sound.

Preferably, the phoneme database stores a plurality of
voice fragment data having different musical expressions for
a single phoneme or phoneme chain.

More preferably, the musical expressions include at least
one parameter selected from the group consisting of pitch,
dynamics and tempo.

In a preferred embodiment of the present invention, the
phoneme database stores voice fragment data comprising
elongated sounds that are each enunciated by elongating a
single phoneme, voice fragment data comprising consonant-
to-vowel phoneme chains and vowel-to-consonant phoneme
chains, voice fragment data comprising consonant-to-con-
sonant phoneme chains, and voice fragment data comprising
vowel-to-vowel phoneme chains.
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In a preferred form of the present invention, each of the
voice fragment data comprises a plurality of data corre-
sponding respectively to a plurality of frames of a frame
string formed by segmenting a corresponding one of the
voice fragments, and wherein the data of the deterministic
component and the data of the stochastic component of each
of the voice fragment data each comprise a series of fre-
quency domain data corresponding respectively to the plu-
rality of frames of the frame string corresponding to each of
the voice fragments.

Moreover, in this preferred form, the duration time adjust-
ing device generates a frame string of a desired time length
by repeating at least one frame of the plurality of frames of
the frame string corresponding to each of the voice frag-
ments, or by thinning out a predetermined number of frames
of the plurality of frames of the frame string corresponding
to each of the voice fragments.

With this arrangement, since the length of an elongated
phoneme and length of a phoneme chain can be adjusted
freely, a synthesized singing voice can be obtained at a
desired tempo.

More preferably, the duration time adjusting device gen-
erates the frame string of a desired time length by repeating
a plurality of frames of the frame string corresponding to
each of the voice fragments, the duration time adjusting
device repeating the plurality of frames in a first direction in
which the frame string of a desired time length is generated
and in a second direction opposite thereto.

Still more preferably, when repeating the plurality of
frames of the frame string corresponding to the data of the
stochastic component of each of the voice fragments in the
first and second directions, the duration time adjusting
device reverses a phase of a phase spectrum of the stochastic
component.

Preferably, the singing voice synthesizing apparatus
according to the present invention further comprises a
fragment level adjusting device that performs smoothing
processing or level adjusting processing on the deterministic
component and the stochastic component contained in each
of the voice fragment data when the voice fragment data are
sequentially concatenated by the synthesizing device.

With this arrangement, since a smoothing or level adjust-
ing process is performed at the concatenation boundary
between phonemes, noise is not generated when the pho-
nemes are concatenated.

Also preferably, the singing voice synthesizing apparatus
according to the present invention further comprises a
deterministic component generating device that changes
only pitch of the deterministic component to a desired pitch
while preserving the spectral envelope shape of the deter-
ministic component contained in each of the voice fragment
data when the voice fragment data are sequentially concat-
enated by the synthesizing device.

Preferably, the phoneme database stores voice fragment
data comprising elongated sounds that are each enunciated
by elongating a single phoneme, the phoneme database
further storing a flat spectrum as an amplitude spectrum of
the stochastic component of each of the voice fragment data
comprising each of the elongated sounds, obtained by mul-
tiplying the amplitude spectrum thereof by an inverse of a
typical spectrum within an interval of the elongated sound.

In this case, the amplitude spectrum of the stochastic
component of each of the voice fragment data comprising
each of the elongated sounds is obtained by multiplying an
amplitude spectrum of the stochastic component calculated
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based on an amplitude spectrum of the deterministic com-
ponent of the voice fragment data of the elongated sound, by
the flat spectrum.

Preferably, the phoneme database does not store ampli-
tude spectra of stochastic components of voice fragment
data comprising certain elongated sounds, and the flat spec-
trum stored as an amplitude spectrum of voice fragment data
comprising at least one other elongated sound is used for
synthesis of the certain sounds.

Preferably, the amplitude spectrum of the stochastic com-
ponent calculated based on the amplitude spectrum of the
deterministic component has a gain thereof at 0 Hz con-
trolled according to a parameter for controlling a degree of
huskiness.

With this arrangement, the degree of huskiness of a
synthesized voice can be controlled simply.

To attain the above objects, the present invention also
provides a singing voice synthesizing method comprising
the steps of storing in a phoneme database a plurality of
voice fragment data formed of voice fragments each being
a single phoneme or a phoneme chain of at least two
concatenated phonemes, each of the plurality of voice frag-
ment data comprising data of a deterministic component and
data of a stochastic component, reading out from the pho-
neme database the voice fragment data corresponding to
lyrics inputted by an input device, adjusting time duration of
the read-out voice fragment data so as to match a desired
tempo and manner of singing, adjusting the deterministic
component and the stochastic component of the read-out
voice fragment so as to match a desired pitch, and synthe-
sizing a singing sound by sequentially concatenating the
voice fragment data that have been adjusted in respect of the
time duration and the deterministic component and the
stochastic component thereof.

To attain the above objects, the present invention further
provides a program for causing a computer to execute the
above mentioned singing voice synthesizing method.

To attain the above objects, the present invention further
provides a mechanically readable storage medium storing
instructions for causing a machine to execute the above
mentioned singing voice synthesizing method.

According to the present invention, the synthesized sing-
ing voice can be of high quality, having an appropriate tone
color for a desired pitch, and is free of noise between
concatenated units. Further, the database can be made
extremely small in size and can be generated with a higher
efficiency. Still further, the degree of huskiness of a synthe-
sized voice can be controlled simply.

The above and other objects, features, and advantages of
the invention will become more apparent from the following
detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a process for generating a
phoneme database used in a singing voice synthesizing
apparatus of the present invention;

FIGS. 2A and 2B is a diagram illustrating a process for
synthesizing a singing voice carried out by the singing voice
synthesizing apparatus of the present invention;

FIGS. 3A and 3B are diagrams illustrating a process for
adjusting a stochastic component carried out by the singing
voice synthesizing apparatus of the present invention, in
which:
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FIG. 3A shows an example of amplitude spectrum of a
stochastic component obtained by SMS analysis of a voiced
sound; and

FIG. 3B shows the result of performing a stochastic
component adjusting process on the amplitude spectrum of
the stochastic component of FIG. 3A;

FIGS. 4A to 4C are diagrams illustrating a looping
process carried out by the singing voice synthesizing appa-
ratus of the present invention, in which:

FIG. 4A shows an example of a stochastic component
waveform that will be subjected to loop processing;

FIG. 4B shows the result of loop processing the waveform
of FIG. 4A, where frames are read-out in a reverse direction,
with the phase unchanged; and

FIG. 4C shows the result of loop processing the waveform
of FIG. 4A, where frames are read-out in a reverse direction,
with the phase reversed,;

FIG. 5 is a diagram illustrating the modeling of a spectral
envelope;

FIG. 6 is a diagram useful in explaining a mismatch at a
fragment data concatenation boundary;

FIG. 7 is a diagram illustrating a smoothing process in the
singing voice synthesizing apparatus of the present inven-
tion;

FIGS. 8A through 8C are diagrams illustrating a level
adjusting process carried out by the singing voice synthe-
sizing apparatus of the present invention, in which:

FIG. 8Ais a diagram illustrating a level adjusting process
for fragment “a-i” at the time when the fragments of “a-i”
and “i-a” are to be concatenated;

FIG. 8B is a diagram illustrating a level adjusting process
for fragment “i-a”; and

FIG. 8C is a diagram showing a result of concatenating
the level adjusted fragments of “a-i” and “i-a”;

FIGS. 9A and 9B is a function block diagram illustrating
a detailed configuration of a singing voice synthesizing
apparatus according to an embodiment of the present inven-
tion;

FIG. 10 is a diagram illustrating an example of the
construction of a hardware apparatus used to operate a
singing voice synthesizing apparatus of the present inven-
tion;

FIG. 11 is a diagram illustrating an example of spectral
envelopes of deterministic and stochastic components of an
elongated sound;

FIG. 12 is a diagram illustrating a process for generating
a phoneme database carried out by a singing voice synthe-
sizing apparatus according to another embodiment of the
present invention;

FIG. 13 is a diagram illustrating an example of the
configuration of a spectral whitening means;

FIGS. 14A and 14B is a diagram illustrating a singing
voice synthesis process carried out by the singing voice
synthesizing apparatus according to the other embodiment
of the present invention;

FIG. 15 is a diagram useful in explaining the control of
huskiness;

FIG. 16 is a diagram illustrating an example of the
configuration of a spectral envelope generating means that is
adapted to control huskiness; and

FIG. 17 is a diagram illustrating the construction of a
singing voice synthesizing apparatus that employs the con-
ventional SMS method.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The singing voice synthesizing apparatus of the present
invention has a phoneme database which is comprised of
individual phonemes and phoneme chains that have been
obtained by dividing into required segments SMS data of
deterministic and stochastic components obtained from an
SMS analysis of input voices. This database also contains
heading information including information indicative of the
phonemes and phoneme chains, information indicative of
the pitch of voice fragments formed of the phonemes and
phoneme chains, and information indicative of musical
expressions such as dynamics and tempo thereof. Here, the
dynamics information may be either sensory information
indicative of whether the voice fragment (phoneme or
phoneme chain) is a forte or mezzo forte sound, or physical
information indicating the level of the fragment.

Moreover, an SMS analysis means is provided for decom-
posing the input singing voice into deterministic and sto-
chastic components, and analyzing them in order to generate
the aforementioned database. Also, a means (which may be
either automatic or manual) for segmenting the SMS data
into the required phonemes or phoneme chains (fragments)
is provided.

An example of generating the phoneme database will be
described with reference to FIG. 1.

In FIG. 1, reference numeral 10 designates the phoneme
database in which are stored SMS data in the form of voice
fragments (SMS data of one or more frames determined by
the respective voice fragments) obtained by subjecting input
singing voices to an SMS analysis and segmenting the
resulting SMS data into phonemes and phoneme chains
(voice fragments) by a segmentor 14 in a manner similar to
the aforementioned phoneme database 100. In the phoneme
database 10, the fragment data are stored in the form of
separate data for each different pitch, and for each different
dynamics and tempo.

In the case of synthesizing Japanese language lyrics, the
voice fragments are comprised of, for example, vowel sound
data (one or a plurality of frames), consonant-to-vowel
sound data (a plurality of frames), vowel-to-consonant
sound data (a plurality of frames), and vowel-to-vowel data
(a plurality of frames).

A voice synthesis apparatus that uses voice synthesis by
rule or the like normally stores data in its phoneme database
in units that are longer than one syllable, such as VCV
(vowel-consonant-vowel) or CVC (consonant-vowel-conso-
nant) units. On the other hand, in the singing voice synthe-
sizing apparatus of the present invention which aims to
synthesize a singing voice sound, data of elongated sound,
which frequently occurs in singing as the enunciation of
long vowels, consonant-to-vowel (CV), vowel-to-consonant
(VC) sound data, consonant-to-consonant sound data, and
vowel-to-vowel sound data are stored in the phoneme data-
base.

The SMS analyzer 13 performs an SMS analysis of
original input singing voices and outputs SMS-analyzed
data for each frame.

More specifically, the input voice is divided into a series
of time frames, and an FFT or other frequency analysis is
performed for each frame. From the resulting frequency
spectra (complex spectra), amplitude spectra and phase
spectra are obtained, and a specific frequency spectrum that
corresponds to a peak in the amplitude spectrum is extracted
as a line spectrum. In this case, a spectrum containing the
fundamental frequency and frequencies in the vicinity of its
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integer multiples is a line spectrum. This extracted line
spectrum corresponds to the deterministic component.

Next, a residual spectrum is obtained by subtracting the
line spectrum, which has been extracted as described above,
from the spectrum of the input waveform of the frame.
Alternatively, temporal waveform data of the deterministic
component, which has been synthesized from the extracted
line spectrum, is subtracted from the input waveform data of
that frame to obtain temporal waveform data of the residual
component, and then a frequency analysis of the residual
component temporal waveform data is performed to obtain
the residual spectrum. The thus-obtained residual spectrum
corresponds to the stochastic component.

The frame period used in the above SMS analysis may
have either a certain fixed length, or a variable length that
changes according to the pitch or other parameter of the
input voice. If the frame period has a variable length, the
input voice is processed with a first frame period of fixed
length, the pitch is detected, and then the input voice is
reprocessed with a frame period of a length that corresponds
to the results of the pitch detection; alternatively, a method
may be employed, in which the period of the following
frame is varied according to the pitch detected from the
present frame.

The SMS-analyzed data output for each frame from the
SMS analyzer 13 is segmented into the length of a voice
fragment stored in the phoneme database by the segmentor
14. More specifically, the SMS-analyzed data is manually or
automatically segmented to extract vowel phonemes, vowel-
consonant or consonant-vowel phoneme chains, consonant-
consonant phoneme chains, and vowel-vowel phoneme
chains so as to be optimally suited for singing sound
synthesis. Here, long interval data of vowels that are to be
elongated and sung (elongated sounds) are also extracted by
segmentation as vowel phonemes.

Moreover, the segmentor 14 detects the pitch of the input
voice based on the aforementioned SMS analysis results.
The pitch detection is performed by first calculating an
average pitch value from the frequency of lower-order line
spectra in the deterministic component of a frame included
in the fragment, and then calculating an average pitch value
for all frames.

In this manner, data of the deterministic component and
data of the stochastic component are extracted for each
fragment and stored in the phoneme database 10, with
headings comprised of information of the pitch of the input
singing voice and musical expressions of tempo, dynamics,
etc. appended thereto.

FIG. 1 shows one example of the phoneme database 10
that has been created in this manner. The phoneme database
10 is comprised of a phoneme data area 11 for phonemes,
and a phoneme chain data area 12 for phoneme chains. The
phoneme data area 11 contains four types of phoneme data
of elongated vowel “a” at four pitch frequencies of 130 Hz,
150 Hz, 200 Hz and 220 Hz, and three types of phoneme
data of elongated vowel “i” at three pitch frequencies 140
Hz, 180 Hz and 300 Hz. Moreover, the phoneme chain data
area 12 contains two types of phoneme chain data of
phoneme chain “a-i”, indicating the concatenation of pho-
nemes “a” and “i”, at two pitch frequencies of 130 Hz and
150 Hz, two types of phoneme chain “a-p” at two frequen-
cies of 120 Hz and 220 Hz, two types of phoneme chain
“a-s” at frequencies of 140 Hz and 180 Hz, and one type of
phoneme chain “a-z” at a frequency of 100 Hz. Here, for the
same phoneme or phoneme chain, data of different pitches
are stored; however as described above, data of different






