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@ Speech synthesizing apparatus,

@ A speech synthesizing apparatus is provided which
comprises a phoneme converting circuit {14) for generating
phoneme string data in accordance with an input character
code string, segment files (10 and 12) in which consonant
and vowel segment data are stored, a control circuit (16) for
allowing the corresponding consonant and vowel segment
data to be generated from these segment files (10 and 12) in
accordance with the phoneme string data, and a synthesizing
unit (18, 20, 22, 24, 26 and 28) for synthesizing speech signal
on the basis of the consonant and vowel segment data from
the segment files (10 and 12). A plurality of consonant
characteristic parameter data respectively representative of a
plurality of consonant segments each of which has a
consonant portion and a transient segment which changes to
a vowel segment, and a plurality of vowel characteristic
parameter data respectively representative of a plurality of
vowel segments are stored in the above segment files {10
and 12).
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Speech synthesizing apparatus

This invention relates to a speech syntheSizing
apparatus for synthesizing speech in accordance
with input character strings.

Recently, various speech synthesizing apparatuses
for synthesizing speech on the basis of the sentence
data to be applied as character strings are known.

For example, in an apparatus for synthesizing speech

by rule, various speech segments of predetermined

units are preliminarily registered as a format of
acoustic parameter in a speech segment file, and

the corresponding acoustic parameter data is selectively
read out from this speech segment file in accordance
with the input phoneme data string. The speech data

is synthesized on the basis of this acoustic parameter
data read out in,aqcordance'with a predetermined -
synthesizing rule. As described above, in this speech
synthesizing apparatus, a desired sentence can be =~ |
generated qt a desired speaking speed since the §peechA
is synthesized in accordance with a predetermined
synthesizing rule, _

This apparatus for synthesizing speech by
rule is mainly divided, for example, into a V-C-V
synthesizing apparatus using a chain consisting of
vowel, consonant and vowel as a speech segment of
one unit, and a C-V synfhesizing apparatus using a

monosyllable consisting of consonant and vowel as a
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speech segment of one unit in dependence upon the format
of the speech segment to be registered in the speech
segment file. Reference characters V and C used herein
represent’ a vowel segment ané a consonant segment,
respectively.

Fig. 1 is a schematic block diagram of a conven-
tional speech synthesizing apparatus._-This speech
synthesizing apparatus includes a phoneme converting-
circuit 2 for converting input character code string
into phoneme data string including accent information in
accordance with predetermined phoneme conversion rule
and accent rule, a speech segment file 4 in which a
plurality of speech segments in the form of monosyllable
have been stored, an interpolating circuit 6 which
sequentially reads out the speech characteristic
parameter data of the corresponding speech segment from
the speech segment file 4 in accérdance with the phoneme
data string from the phoneme convertiﬁg circuit 2 and
then interpolates these speech characteristic-parameter
data, and a speech synthesizer circuit 8 for generafing

speech data by filter—-processing the parameter data from*

this interpolating circuit 6.

"In the apparatds for synthesizing speech data Ey

rule of this kind, phoneme must be of course converted

with high accuracy to obtain more natural speech with
high quality, but it is also required to obtain speech
characteristic parameters which represent, with a high
fidelity, the characteristics of the speech generated
by a human being. ° For example, when speeches were
continuouslyfgenerated, there may be a case where a
certain monosyllable in these speeches is coarticulated
by monosyllables before and after the above-mentioned
monosyllable. When a monosyllable formed of consonant-
vowel (Cl-V1l) syllable is independently generated,

the acoustic energy pattern (speech characteristic
parameter) of the speech segment of this monosyllable
exhibits the inherent characteristics of the consonant
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Cl and the vowel V1 with high fidelity as schematically
shown in Fig. 2. However, in the case where this
monosyllable is successively generated together with
other monosyllables, the acoustic energy paftern (speech
characteristic parameter) of the speech segment of the
€1-V1 monosyllable will be changed as shown in Figs. 3A
and 3B in dependence upon, for example, whether the
subsequent monosyllable is a C2-V2 syllable.or a C3-v3
syllable. 1In other words, this monosyllable is
coarticulated by the subsequent C2-V2 monosyllable
and is changed to a Cl1-V11l monosyllable, or it is
coarticulated by the subsequent C3-V3 monosyllable
and is chaﬁged to a C12-V12 monosyllable. Therefore,
in order to génerate the speech which is more natural
and has high quality and is as similar as possible
to the speech that is actually generated by a human
being, it {s required to generate the speech in
consideration of the coarticulation between the
successive speech segments. However, with a tonven-
tional speech synthesizing apparatus, only unnatural
speeches are obtained because it generates speeches
by simply coupling the phonemes regardless of the
influence due to the coarticulation.

It is an object of the present invention to provide
a speech synthesizing apparatus for synthesizing clear
and natural speeches. o

This object is accomplished by a speech synthesizing
apparatus comprising a data generation circuit for
generating phoneme striqg-data; a consonant segment
file in whiéh a plurality of consonant characteristic
parameter data respectively representing a plurality of
éonsonant segments each of which has a consonant portion
and a transient segment are stored; a vowel segment file
in which a plurality of vowel characteristic parameter
data respectively representing a plurality of steady-
state and coarticulated vowel segments are stored; a

control circuit for supplying consonant and vowel

¢ e« ———————————
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segment address data to the consonant and vowel segment
files in accordance with the phoneme string data from
the data generation circuit to read out the corre-
sponding éonsoﬁant and vowel characteristic parameter
data from these consonant and vowel segment files; a
parameter data series generation circuit for generating
series of consonant and vowel characteristic parameter
data on the basis of the consonant and vowel charac-’
teristic parameter data read out from the consonant

and vowel segment files; and a synthesis unit for
synthesizing speech signals on the basis of the charac~
teristic parameter data series from the parameter data
series generatlon 01rcu1t.

In this invention, each consonant characteristic
parameter data stored in the consonant segment file
represents the consonant segment .including a consonant
portion and a transient segment to the vowel segment;
therefore, it is possible to easily obtain the inter-
polated characteristic parameter data between this
consonant characteristic parameter data and the
succeeding vowel characteristic parameter data read
out from the vowel segment file, thereby making it
possible to clearly and naturally synthesize a speech
even for a coarticulated monosyllable.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the acéompanying drawings, in which:

Fig. 1 is a schematic block diagram of a conven-
tional spegech synthe8121ng apparatus;

. Fig. 2 shows the schematic acoustic energy pattern
of a monosyllable independently generated;

Figs. 3A and 3B show the schematic acoustic energy
pattern of coarticulated monosyllables;

Fig. 4 shows the schematic acoustic energy pattern
of consonant and vowel segments registered in consonant
and vowel segment files used in this invention;

Figs. 5A and 5B show waveforms of [a]-sound
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included in different speechés;

Figs. 6A and 6B show power spectra of selected
frames in the [a]-sounds shown in Figs. 5A and 5B;

Figs. 7A to 7C show a speech signal, power
spectra and power sequence of a monosyllable “go";

Fig. 7D shows similarity between the power spectrum
having the maximum power in the power seguence of B
Fig. 7C and other.power spectra;

Fig. 8 is a block diagram of a speech synthesizing
apparatus according to one embodiment of this invention;

Fig. 9 shows power spectra obtained in the speech
synthesizing apparatué of Fig. 8; and-

Fig. 10 is a flowchart illuStrating the operation
of the speech synthesizing apparatus shown in Fig. 8.

In this invention, as shown in Fig. 4, consonant
segments each including a consonant portion and a
transient segment which changes from this consonant
portion to a vowei segment are registered as a consonant
segment C in the consonant segment file, and vowel
segments including steady-state and coarticulated vowel

segments are registered as a vowel segment V in the

- vowel  segment file.

Figs. 5A and 5B shows waveforms of a second [a]~-
sound of speech [hakata]l] and an [a]l-sound of speech

- [kiail. Fig. 6A shows a power spectrum in the frame A

of [al-sound shown in Fig. 5A. Fig. 6B shows a power
spectrum in the frame B of [al-sound shown in Fig. 5B.
As is obvious from these Figs. 5A, 5B, 6A and 6B, the
powef spectrum of [al-sound of [kiail] which is strongly
affected dué to the coarticulation is different from
the power spectrum of the second [a]-sound of speech
[hakata] which is not so affected due to the coarticu-

‘lation. As described above, the speech characteristic

parameters representative of the power spectra of
different kinds of [al-sounds are registered in the
vowel segment file in dependence upon the degree of the

influence due to the coarticulation.

A
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Figs. 7A to 7C show a speech signal, power spectrum

and power sequence of a monosyllable "go" when it was

.generated. Fig. 7D indicates similarity between the

power spectrum having the maximum power in the power
sequence shown in Fig. 7C and other power spectra. 1In
Fig. 7D, time point tl1 is determined as a boundary point
between consonant and vowel, that is, in this example,
the time point tl1 is determined as a time point at which
the similarity becomes smaller than a predetermined value
when the similarity between the power spectrum having
the maximum power and the power spectra which sequen-
tially'appear toward the direction in which a consonant
was generated is sequentially calculated. The speech
characteristic parameter data representing the power
spectra generated during the period from the time when
the consonant had been generated to the time'point t1,
in this example, the power spectra of three frames, is
registered as a consonant segment data in the consonant
segment file. 1In addition, the speech characteristic
parameter data representing the power spectrum of one
frame generated after a predetermined number of frames
from the time point tl, pfeferablyrindicative of the
power<spectrum having the maximum power is registeréd'as
a vowel segment data in the vowel segment file.

The formats of the speech characteristic parameters

"to be registered in the consonant and vowel segment .

files are determined in accordance with the speech
synthesizing apparatus to be used. For example, in the
Formant synthesizing apparatus, the speech charac-~
teristic parameter is determined by the Formant fre-
guency, its band width and voiced-unvoiced information.
On the othef hand, in the linear prediction synthesizing
apparatus, the speech characterisic parameter is deter-
mined by the linear prediction coefficient and voiced-
unvoiced information.

Fig. 8 shows a block diagram of a speech synthe-
sizing apparatus for synthesizing speech by rule as one
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embodiment according to the present invention. This
speech synthesizing apparatus includes a consonant
segment file 10, a vowel segment file 12, a phoneme
converting circuit 14, and a control circuit 16 for
geﬁerating outpﬁt data such- as consopaﬁt segment address
data, vowel segment address data, pitch data, etc. in
response to the output data from the phoneme converting
circuit 14. As already described with reference to
Fig. 4, a plurality of speech characteristic parameter
data respectively representing a plurality of consonant
segments each of which has a consonant portion and a
transient segment are stored in the consonant segment
file 10. A plurallity of speech characteristic
parameter data respectively representing a plurality
of steady-state vowel and coarticulated vowels are
stored in the vowel segment file 12. The phoneme con-
verting circuit 14 reads out the correspondong phoneme
string data and accent -data from a phoneme dictionary
and an accent dictionary (not shown) on the basis of the
character code string corresponding to word, -clause or
sentence, and then supplies to the control circuit 16.
This phoneme converting circuit 14 is introduced in,
for example, "Létter—t94Sound Rules for Automatic
Translation of English Text to Phonetics" by Honey S.
Elovitz et al. from Naval Research Lab. '
The control circuit 16 serves to supply the con-
sonant segment address data and vowel segment address
data to the consonant segment file-10 and the vowel )
segment file 12, respectively, in accordance with the
phoneme string data from the phoneme converting circuit
14. At the same time, the control circuit 16 writes

the time data corresponding to the time duration of a

.vowel to be generated and the accent data from the

phoneme converting circuit 14 into a random access
memory (RAM) 16A. Where the control circuit 16- generates
the consonant and vowel segment address data corre-
sponding to the consonant and vowel which are included
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in a monosyllable supplied from the phoneme converting
circuit 14, the segment address data are determined in
accordance with not only the phoneme data indicative of
the monosyllable, but also the phoneme data representing
a succeeding monosyllable from the phoneme converting
circuit 14, for example.

The speech characteristic parameter data from the
consonant segment file 10 is supplied to a first input
port of an interpolation circuit 18, while the speech
characteristic parameter data from the vowel segment
file 12 is supplied to a second input port of the
interpolation circuit 18 and to a repetition circuit 20.

The interpdlation circuit 18 calculates a predetermined

-number of speéch characteristic parameter data on the

basis of the speech characteristic parameter data
indicative of the consonant segment which is constituted
by the power spectrum of three frames from the consonant
segment file 10 and the speech characteristic parameter
data indicative of the vowel segment of the power -
spectrum of one frame from the vowel segment file 12,
The calculated speech parameter data respectively
represent a corresponding number of vowel segments each
having the spectrum of one frame and interpolated bé—
tween the input consonant and vowel ségments. The
repetition circuit 20 repeatedly fetches from the vowel

segment file 12 the speech characteristic parameter data

"by the number of frames corresponding to the vowel time

duratlon data stored in the RAM 16A. .
The speech characteristic parameter data from the
interpolation circuit 18 and repetition circuit 20 are
supplied through a switch 24 to a buffer register 22 in
this order. The speech characteristic parameter data
from this buffer register 22 is supplied to an inter-
polation circuit 26. This interplation circuit 26
interpolates a predetermined number of speech charac-
teristic parameter data between these two speech charac-

teristic parameter data on the basis of the speech
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characteristic parameter data of the successive two
frames from the buffer register 22. .The speech charac-

teristic parameter data from this interpolation circuit

- 26 are sengntially supplied to a speech synthesizer

28. This speech synthesizer 28 sequentially filter-
processes the speech characteristic parameter data from
the interpolation circuit 26 according to the pitch
period data generated from a pitch generation circuit 30
in accordance with the accent data of the RAM 16A, and
then generates a speech signal.

The operation of the speech synthesizing apparatus
shown in Fig. 8 will be described wifh reference to a
power spectrum shown in Fig. 9, and a flowchart shown in
Fig. 10.

The phoneme converting circuit 14 supplies the
phoneme string data and accent déta to the control cir-
cuit 16 in accordance with the input character code
series.r This control circuit 16 writes the time length
data representing the time duration of a vowel to
be generated and the pitch data regarding a speech
generating pitch in the RAM 16A on the basis of the
phoneme data and accent data from the phoneme converting
circuit 14, respectively. Furthermore, the control cir-
cuit 16 supplies the consonant segmenf address data and
vowel segment address data corresponding to the phoneme
string data from the phoneme converting circuit 14 to
the consonant segment file 10 and the vowel segment file
12, respectively. In this case, the control circuit 16
simultaneously éeﬁerates the switch control signal to
set the switch 24 into the first switching position.

It is now assumed, for example, that the input
character code series including the character codes
representative of two successive monosyllables of [goma]
was supplied to the phoneme converting circuit 14.

In this case, the control circuit 16 supplies the
consonant and vo&el segment address data corresponding
to consonant segment [g] and vowel segment [0] to the
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consonant and vowel segment files 10 and 12, respec-
tively, on the basis of the phoneme data corresponding
to the two successive monosyllables of [goma] generated
from the phoneme converting circuit 14. Due to this,
the first to third speech characteristic parameter data
corresponding to the power spectra pf three frames
indicative of consonant segment [g]l in Fig. 9 are read
out from the consonant segment file 10. The fourth
speech characteristic parameter data corresponding to
the power spectrum of one frame indicative of vowel [o]
is read out from the vowel segment file 12. The inter-
polation circuit 18 calculates the fifth to eighth

speech characteristic parameter data indicative of the

power spectrum of a predetermined number of frames, in
this example, four frames between consonant segment [g]
and vowel segment [o] shown .in Fig. 9, on the basis of
the third speech characteristic parameter data read out
from the consonanf segment file 10 and the fourth speech
characteristic parameter data read out from the vowel
segment file 12. Next, this interpolation circuit 18

supplies the 1lst to 3rd speech characteristic parameter

~data from the consonant segment file 10, the 5th to 8th

Speech characteristic parameter data thus calculated,
and the 4th'speech characteristic parameter data from
the vowel segment file 12 to the buffer register 22
through the switch 24 in this order in response to the
interpolation control signal from the control circuit 16.
Thereafter, the switch 24 is set into the second
switéhing positioh by the switching control signal from
the control circuit 16. The control circuit 16 then
supplies the control pulses of the number corresponding

to the vowel time duration data stored in the RAM 16A to

"the repetition circuit 20 and through an OR gate 32 to

the buffer register 22. Thus, the repetition circuit 20
fetches the speech characteristic parameter data from
the vowel segment file 12 a corresponding number of

times in response to the.control pulse from the control
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circuit 16, and sequentially supplies to the buffer
register 22. In this way, as shown in Fig. 9, the
speech characteristic parameter data representing the
power spectra similar to the power spectra shown in

Fig. 7B is stored in the buffer register 22. 1In Fig. 9,
the power spectra shown by the solid lines indicate the
power spectra corresponding to the speech characteristic
parameter data read out from the consonant and vowel
segment files 10 and 12, and the power spectra shown by
the broken lines represent the power spectra calculated
by the interpolation circuit 18 and the power spectra
generated from the repetition circuit 20.

Next, the control circuit 16 supplies the inter-
polation control signal through the OR gate 32 to the
buffer register 22 and also supplies the interpolation
control signal to the interpolation circuit 26, thereby
allowing the speech characteristic parameter data in
the buffer registér 22 to be seguentially sent to the
interpolation circuit 26. The interpolation circuit 26
then creates a predetermined number of interpolated
speech characteristic parameter data on the basis of the
speech characteristic parameter data of the successive
two frames sent from the buffer register 22 and sequen-
tially supplies to the speech synthesizer 28. 1In this
case, the control circuit 16 simultaneously reads out
the accent data stored in the RAM 16A and supplies to
the pitch generation circuit 30, thereby allowing this
pitch generation circuit 30 to generate the pitch period
data; The speech synthesizer 28 synthesizes the speech
signal including the pitch information in accordance
with the speech characteristic parameter data from the

interpolation circuit 26 and the pitch period data from

‘the pitch generation circuit 30 and then generates the
. synthesized speech signal.

Although the present invention has been described
above with respect to one embodiment, this invention is

not limited to only this embodiment. For example, the
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repetition circuit 20 is constituted in such a manner
that it fetches the vowel characteristic parameter data
from the vowel segment file 12 in response to the
control pulses from the control circuit 16.. However, it
may be possible to modify this repetition circuit 20
such that a high-level signal is generated from the con-

"trol circuit 16 over the period of time corresponding

to the time length data, and that the repetition circuit
20 fetches the vowel characteristic parameter data at

a fixed interval from the vowel segment file 12 in
response to this high-level signal. 1In addition, 7
although a plurality of vowel characteristic parameter
data each of which represents one frame power spectrum
have been stored in the vowel segment file 12, the vowel
characteristic parameter data each of which represents a
plurality of power spectra can be stored in this vowel

segment file.
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Claims:

1, A speech synthesizing apparatus comprlslng. a
data generatlon circuit (14) for generating phoneme
string data; memory means (10 and 12) in which consonant

‘and vowel characteristic parameter data representative

of consonant and vowel segments are stored; control
means (16) for allowing the cqrresponding consonant

and vowel characteristic parameter data to be generated
from said memory means (10 and 12) in accordance with
said phoneme string data; and synthesizing means (18,
20, 22, 24, 26, 28 and 30) for synthesizing speech
signal on the basis of said consonant and vowel charac-
teristic parameter data from said memory means (10 and
12), characterized in that said memory means has a con-
sonant segment file (10) in which a plurality of con-
sonant characteristic parameter data respectively
representative of a plurality of consonant segments each
of which has a consonant portion and a transient segment
to a vowel segment are stored, and a vowel segment file
(12) in which a plurality of vowel characteristic

parameter data respectively representative of a plural-

ity of steady-state and coarticulated vowel segments

are stored, and that said synthesizing means is provided
with a parameter data series generation circuit (18, 20
and 24) for'genefating series of consonant and vowel
characteristic parameter data on the basis of the con-
sonant and vowel qharacteristic parameter data from
said consonant and vowel segment files (10 and 12), and
a synthesis circuit (22, 26, 28 and 30) for synthesizing
the speech signal on the basis of the parameter data
series from said parameter data series generation cir-
cuit (18, 20 and 24).

2. A speech synthesizing apparatus according to
claim 1, characterized in that said parameter data
series generation circuit includes: an interpolation

circuit (18) for calculating a predetermined number of
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interpolated characteristic parameter data on the basis
of the consonant and vowel characteristic parameter data
from said consonant and vowel segment files (10 and 12);
a repetition circuit (20) for repeatedly deriving the
vowel characteristic parameter data from said vowel
éegment file (12); and a data selection circuit (24) for
sequentially and selectively supplying the charac-
teristic parameter data from said interpolation circiit
(18) and said repetition circuit (20) to said synthesis
circuit (22, 26, 28 and 30).

3.. A speech synthesizing apparatus according to
claim 2, characterized in that said data selection cir-
cuit is a éwigching circuit (24) whose switching posi-
tion is controlled in response to a switching control
signal from said control means (16).

4. A speech synthesizing apparatus according to
claim 2, characterized in that said control means (16)
generates time length data indicative of a vowel
duration length in accordance with the phoneme string

data from said data generation circuit (14), and that

.said repetition circuit (20) derives the vowel charac-

teristic parameter data from said vowel seément file
(12) by the number of times corresponding to said time
length data. o

5. A speech synthesizing apparatus accordin§ to

~claim 2, characterized in that said data generation

circuit (14) generates accent data together with
said phoneme string data and said control means (16) .
generates pitch data in accordance with said accent
data, and that said synthesis circuit (22, 26, 28 and
30) synthesizes the speech signal on the basis of the
parameter data series from said parameter data series
generation circuit (18, 20 and 24) and the pitch data
from said control means (16).

6. A speech synthesizing apparatus according to
claim 2, characterized in that said synthesis circuit

comprises: an interpolator (26) which receives the

e r———— s s o < im ¢ e st © 1w o
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parameter data series from said parameter data series
generation circuit (18, 20 and 24) and calculates a
predetermined number of interpolated parameter data
on .the basis of two succeésive parameter data; and a
synthesizing unit (28) for synthesizing the speech
signal on the basis of .the parameter daté from said
interpolator (26).

7. A speech synthesizing apparatus according to
claim 6, characterized in that said data generation
circuit (14) generates accent data together with
said phoneme string data and said control means (16)
generates pitch data in accordance with said accent
data, and that said synthesis circuit (22, 26, 28 and
30) synthesizes the speech signal on the basis of the
parameter data series from said parameter data series
generation circuit (18, 20 and 24) and the pitch data
from said control means (16).
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GENERATE CONSONANT AND
VOWEL SEGMENT ADDRESS DATA,
WRITE TIME LENGTH DATA AND
PITCH DATA INTO RAM i6A, AND
SET THE SWITCH 24 IN A FIRST
POSITION

SUPPLY AN INTERPOLATION CONTROL
SIGNAL SO THAT INTERPOLATED
CHARACTERISTIC PARAMETER DATA
ARE TRANSFERRED TO REGISTER 22,
AND THEN SET THE SWITCH 24 IN A
SECOND POSITION

SUPPLY PULSES OF A NUMBER
CORRESPONDING TO THE TIME
LENGTH DATA SO THAT VOWEL
CHARACTERISTIC PARAMETER DATA
ARE REPEATEDLY GENERATED

AND SENT TO REGISTER 22

SUPPLY AN INTERPOLATION CONTROL
SIGNAL AND PITCH DATA SO THAT
INTERPOLATED CHARACTERISTIC
PARAMMETER DATA AND PITCH

PERIOD DATA ARE SUPPLIED TO
FILTER 28 WHICH SYNTHESIZES
A SPEECH SIGNAL HAVING PITCH
INFORMATION

END
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