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@ Speech synthesis apparatus.

@ The invention provides a speech synethesising appar-
atus in which a character string transiator 1 converts each
word in an encoded input character string into a phoneme
string corresponding to the characters in the word using a
word memory 2. Next, a variable phoneme detector 3 detects
those phonemes in the string the values of whose prosodic
parameters may be modified due to the existence of an
influencing phoneme at another location in the phoneme
string, by comparing each phoneme with phonemes stored
in variable phoneme memory 4. If a variable phoneme is
detected in the phoneme string, a search is made by an
influencing phoneme detector 5 for influencing phonemes at
the location in the phoneme string indicated by the variable
phoneme detector. The variable phoneme memory stored,
along with each variable phoneme, the predetermined
relative location at which an influencing phoneme may be
found. if an influencing phoneme is detected at the appropri-
ate location relative to the variable phoneme the influencing
phoneme detector will output data representative of a
modification in the value of a selected parameter {duration,
pitch or power) of the variable phoneme. The phoneme
string is then delivered to a parameter value determining
unit 7, where standard and modified data are combined.
Finally, the phoneme string, parameter values, and modifica-
tion data are supplied & parametric synthesizer 7, which
assembles them into synthetic speech.
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SPEECH SYNTHESIS APPARATUS

BACKGROUND OF THE INVENTION

One of the known methods for transforming character strings
into synthstic speech is "synthesis by rule,* In this method, & char-
acter string Is first transformed into & sequence of phonemes, Next,
the prosodic parameters (the duration, pitch and power) of each
phoneme are determined, and speech segments having those parameters
are selected from a library of the spectral envelopes of such speech
segments. Finally, the phoneme sequence and the parameters are pro-

vided to & well-known speech synthesizer which assembles the segments
into synthetic speech, adjusting the parameters and connecting them
into more-or-less natural speech. Although it is possible to synthesize
speech using standard values of each parameter for each phoneme, it
is also possible fo vary the duration of those phonemes which conslst
of a consonant-vowel (CV) combination. When one of these variable
phonemes is encountered in a phoneme string, its duration may be
modified (changed from the standard value) by considering the influence
of the phoneme Immediately before or after the variable phoneme in
the phoneme string. However, even when the duration of CV
phonemes Is modified in accordance with the influence of influencing
phonemes immediately adjacent the variable phoneme, the synthetic
speech produced is rether unnaiural and unclear.
SUMMARY OF THE INVENTION

One object of this Invention is to produce synthetic speech of

such clarity and high cuality that it is very nearly natural speech.
Another object of the inventlon {s to produce synthetic speech In
which the prosodic pararheters of variable phonemes are modified as a
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function of the existence of Influencing phonemes at locations in the
phoneme string other than the two locations immediately adjacent the
variable phoneme (as & funtion of & non-influeneing phoneme in a
non-adjacent mora).

The invention is based on the careful observation of natural
speech by the present inventors. They found, for example, that the
duration of a variable phoneme consisting of a double consonant is
influenced more by the kind of phon_eme which exists In the phoneme
string In & location one phoneme removed from the double consonant
than by the kind of phoneme which exists immediately adjacent the
double consonant in the phoneme string., They observed that, in
Japanese speech, a double consonant lasts several milliseconds longer
when a "prolonged sound" or & syllablc nasal "N" {5 at a location In
the phoneme sfring two morae subsequent to the double consonant,

The Invention comprises five main elements, A character string
franslator accepis encoded charsnter strings from & device, such as &
keyboard, which is capable of inputting character strings electronically.
Using & word memory, the character string translator converts each
word in the input character string into & phoneme string corresponding
to the characters In the word. Next, & variable phoneme detector
detects those phonemes in the string the values of whose prosodic
parameters may be modified due to the existence of an influencing
phoneme at & location in the phoneme string which is at least one
mora removed from the location of the variable phoneme. I variable
phonemes are detected in the phoneme string, a search is made by an
influencing phoneme detector for influenclng phonemes at the location
in the phoneme string indicated by the variable phoneme detector.
The variable phoneme detector is associated with a variable phoneme
memory which stores, along with each variable phoneme, the
predetermined location at which an inﬂue'nzzing phoneme will Influence
the value of each parameter of the variable phonems. If an influ-
encing phoneme 15 detecied at the appropriate location In relation to
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the variable phoneme the influencing phoneme detector will cutput
date representative of & modification in the value of a selected
parameter {duration, pitch or power) of the variable phoneme. The
phoneme string is then delivered to & parameter value determining
unit, whieh stores standard values of the parameters for all phonemes.
Btandard values may be modified in response to the modification dsta
supplied by the influencing phoneme detector. Finally, the phoneme
string, parameter values, and modification data are supplied to a well-
known parametric synthesizer, which assembles them into synthetic
speech, Of course, since this inveniion is an eleetronic apparatus, it
does not perform operations on "characters” or "phonemes" but rather
on electrical codes representing characters and phonemes. This fact
will be sllently recognized throughout the specification.
BRIEF DESCRIPTION OF THE DRAWINGS

FPigure 1 is & Block diagram of one embodiment of the improved
speech synthesis apparatus.

Figure 2 is & schematic diagram showing in more detail the
character string translator of Figure 1.

Figure 3 is a schematic dlagram showing in more detail the
variable phoneme detestor of Figure 1.

Figure 4 1s a schematic diagram showing in more detall the
influencing phoneme detector of Figure 1.

Figure § is a schematic diagram showing In more detall the
parameter value determining unit of Figure 1.

Figure & is & block diagram of another embodiment of the
improved speech synthesls apparatus.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 is & block diagram of the improved speech synthesls
apparatus. An encoded character string is Input from a device (not

shown) such as a keyboard having character keys, a memory device
which stores charaeter strings (sveh as used in a word processor), or a
communication deviee receiving character strings through communication
lines.
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Character string translator 1 translates the character codes
making up the character string into phoneme codes representing a
phoneme string, using word memory 2. The phoneme string is supplied
to variable phoneme detector 3, which detects variable phonemes, In
& Japanese phoneme siring, these variable phonemes include the double
consonant (hereinafter indicated by "Q"), syllabic nasal "N", and pro-
longed sound (hereinafter indicated by "L").

Such variable phonemes are stored In variabls phoneme memory
4 which is used by detector 8 in the detectlon of variable phonemes.
As is described later, if & variable phoneme is detected, it is
associated with mtiribution data from which parameter value
modifications may be determined. The output of detector 3 includas
information regarding the predetermined location at which an influ-
encing phoneme must be found in order to influence the value of =&
parameter (the duration, in the preferred embodiment) of the detected
variable phoneme.

Influencing phoneme detectér S determines whether there exisis
an Influencing phoneme, such as a double consonant, syllabi¢ nasal "R"
or prolonged sound at the location indicated by detector 3.

Parameter value determining unit 7 stores the normal values of
parameters such as the duration of the phonemse, its pitch or its
power., If both the variable phoneme and a corresponding influencing
phoneme are detected. unit 7 outputs a modified value of the glven
parameter to parametric synthesizer 8, which may be any well-known
synthesizer, for example formant-type, Parcore-type, and Cepsirum-type
synthesizer.

Fig. 2 shows in more detall ‘the character string translator 1 of
Fig. 1. A charscter string (which normally constitutes one word)
enters Input register 101 under control of input control ecircuit 102.
Read control circuit 103 supplies an initlal address to word memory 2,
and & word is read out into register 104. Word memory 2 stores a
plurallty of words (In segment 104A) together with the corresponding
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phoneme sirings into which the ;vords are translated (in segment 104B).
The word from segment 104A is supplied to comparator 100 and
compared with the content of input register 101. If the input char~
acter string in Input register 101 is not the same as the character
string from segment 104A, comparator 105 produces a signal on
line 106. Responding to the signal on line 106, reasd control
eircuit 103 increments Its internal counter (not shown) and provides the
incremented address to word memory 2, so that the next word in-
memory 2 (together with the corresponding phoneme string) is read out
Into register 104, These operations are repeated untll comparator 105
detects identity between the input character string and the character
string retrieved from memory 2,

When identity is detected between the input character string in
Input register 101 and the character string in segment 104A of
register 104, the eomparator produces a signal on line 107, causing the
phoneme string in segment 104B to be written into phoneme string
memory 108. At the same time, input control circult 102 causes the
next character string to enter input register 101, and read control
oircuit 103 supplies the initial address to word memory 2 in prepara-
tion for the next translation operation.

Pig. 3 shows in more detail the variable phoneme detector 3 of
FPig. 1. Input control circuit 301 accesses phoneme siring memory 108
and successively transfers phonemes Into buffer 302, Most Japsnese
speech consists of four morae, as follows (& "mora" is a basic unit of
time In speech; it may contain one or more phonemes):

(a) & consonant~-vowel combination ("CV")

(b) an independent vowel, or a prolonged sound {symbolized as
"LN)

(¢) & double consonant (symbolized as "Q")

(d) a syllabic nasal "N"

Read control circuit 303 supplies an initlal address to variable
phoneme memory 4, which slores varlable phonemes iIn assoclation with
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the predetermined location in the phoneme string at which an
influencing phoneme will influence the value of the duration of each
variable phoneme, Variable phoneme data from memory 4 ia written
into register 304, which consists of & phoneme segment 304A and a
reletive location segment 304B. The relative location date in relatlve

location segment 304B consiste of at least one location in the phoneme
string, relative to the variable phoneme, where an influencing phoneme

may be located to influence the duration of the variable phoneme.
FPor example, {f the variable phoneme is & double consonant, "Q", its
relative location data may be "+2", which means that the duration of
the double consonant is influenced by an influencing phoneme located
two morae later in the phoneme string. Comparator 305 compares the
phonemes in phoneme buffer 302 and the phoneme segment 304A of
register 304. If they are not ldentical, comparator 305 produces &
signal on line 306. Responding to the signal on line 306, read control
circuit 303 increments its internal counter (not shown) and provides the
incremented address to variable phoneme memory 4, so that the next
variable phoneme in memory 4 is read out into register 30804, These
operations are repeated until comparator 305 detects identity between
the phoneme in buffer 302 and the phoneme retrieved from memory 4
as stored in segment 304A, or untll all variable phonemes in memory 4
have been retrleved. When identity Is detected between the phoneme

* in buffer 302 and the phoneme in segment 304A, comparator 305

25

30

produces a signal on line 307, causing the phoneme from buffer 302
and the relative location data in segment 304B (through selector 308)
to be written into memory 308. The selector 308 normally selects the
relative location dsta from segment 304B; however, {f identity Is never
detected by comparator 305, read control circuit 303 outputs an END
signal on line 310, causing selector 308 to select “O" as the relatlve
location data, indicating that the phonemes are not variable phonemes.

Fig, 4 shows In more detail the Influencing phoneme detector §
of Fig. 1. Read control circuit 501 controls counter 502, whose
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content indicates an address memory 309. The present address in

~ counter 502 is supplied to memory 309 through adder 503 which nor-

mally adds "O" {o the present address. The data read out from
memory 309 are provided to register 505 through selector 504 whiceh
normally selects register 50€. The data consist of phonemes (in
segment 505A) and relative locatlons (in segment 505B). The relative
location information in segment 505B is supplied to zero detector
which produces a signal on line 507 when the relative location infor-
mation in segmenet 505B Is "O" or on line 508 when the relative loca-
tion information 1s not "O", In the latter case, the signal on the line
508 is provided to read control circult 501 to prevent the incrementing
of counter 502, to the selector 504 to select register 506, and to read
conirol eircuit 510 to supply an initial address to parameter value var-
fation memory 6, That is, when the relative location Information is
not "O", the relative loecation is added to the present address in
counter 502 by adder 503, and the sum is supplied as an address to
memory 309 so that the corresponding data is read from memory 308
and stored in register 508 via selector 504,

Parameter value variation memory 6 is accessed by read control
clrcuit 510 and supplies to register 512 data conslsting of a phoneme,
In segment 512A (an influencing phoneme) and, in segment 512B, attrl-
butlon data from which ihe change in durstion of the variable phoneme
may be determined. Compsarator 513 compares the phoneme in
segment 512A with that in segment 506A, producing a signal on lne
514 if it detects ldentity and on line 515 otherwise. Responding to
the signal on line 514, the phoneme’ 'In segment 505A and the attribu-
tion data in s:gment 512B are written into a checked data memory
520. On the o her hand, the signal on line 515 is provided to read
control 510 to increment an inner counier (not shown) and output the.
next address toimemory 511. The comparator compares the phoneme
in register 50¢. Mth successively retrieved phonemes in reglster 512.
If none of the phonemes In memory 511 {s the same as with the
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phoneme in register 508, read control eircuit 510 outputs an END
signal to selector 516. Selector 516 usually selects the attribution
date segment of memory 512 as input data but instead selects "OM
upon receipt of an END signsl. Therefore, the phoneme In segment

5 503A Is writfen Into checked data memory 520 with attribution data
equal to "O". When zero detector 506 detects a "O", it outputs &
signal on line 507. In this case, the phoneme in segment 505A is not
& variable phoneme, g0 it is written into the checked data memory
520 with attribution data equal to "O".

10 Fig. 5 shows in more detall the parametfer value defermining
unit 7 of Fig. 1. Data consisting of phonemes in combination with
attribution data are successively read from checked data memory 520
into register 701. Parameter value memory 702 stores standard values
of the parameters for every phoneme., (It is also possible, instead of

15 storing all the values, fo use a parameter calculator according to a
phoneme code,) A phoneme in segment 701A of register 701 is
supplied to parameter value memory 702 as an address; memory 702
then outputs the corresponding parameter value to adder 703.
Modifying data memory 704 stores parameter value modifications and

og outputs them when addressed by attribution date from segment 7D1B.
The standard pasrameter values from memory 702 and the modification
data from memory 704 are added by sdder 703 and the sums supplied
along with the phoneme string to parametric synthesizer 8 of Fig. 1
for assembly into synthetic speech.

25 A pitch modifylng clreult 710 and a power modifying circuit 720
may be provided for modifylng piteh or power data In a similar

manner.
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TABLE 1
Duration of

Character Phoneme (tq) of "o
Example String String Phoneme
A. Kessen KE/Q/SE/N tQ = tm + ta
B, Kesseki KE/Q/SE/KI tQ = tm
c. Tkkan 1/Q/KA/N tg = tm * ty
D. Ikkatsu 1/Q/KA/TSU tg = tm

Table 1 shows how the duration of & phoneme is modified. In
example A, when the character sfring "kessen" (& Japanese word
meaning "declisive battle") is entered, c¢haracter string translator 1
translates it into the phoneme string KE/Q/SE/N, where “/" Indicates
divislons between morae., Varlable phoneme detector 3 detects a
variable phoneme "Q" in the second location; consequently, influencing
phoneme detector 5 should search for an influencing phoneme. In this
example, there is an Infivencing phoneme "N" in the fourth loecation in
the phoneme string, so parameter value determining unit 7 adds 8
modifying value ta to the standard double consonant duration tm, which
means that the duration of phoneme "Q" is given by tQ = tm ¥ tg.

If character string "kesseki"® (meaning "absent") is entered (exam-
ple B), the translated phoneme siring is KE/Q/SE/KI. Varlable
phoneme detector 3 again detects a variable phoneme "Q" in the
second location, but influencing phoneme detector 5 does not detect an
influencing phoneme. Therefore, parameter value determining unit 7
determines the duration of the phoneme "Q" as tg = tp, the standard
double consonant duration.

In example C, "Ikkan" (meaning “consistently") {s translasted into
the phoneme string 1I/Q/KA/N including variable phoneme “N" In the
fourth location. The- duration tq of the second phoneme is therefore
given by tg = ty + tz. The character string of example D, "Ikkatsu"
(meaning "together"), is translated into the phoneme string 1/Q/KA/TSU,
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which includes variable phoneme "Q" in the second location but no
influeneing phoneme, so that the duration of the second phoneme is ig
= tm.

The standard duration iy of a double consongnt in Japanese is
170 ms, and additional duration tg is, for example, 50 ms, According
to this embodiment, clear and naturalized speech can be synthesized by
consldering the influence of a non-adjacent phoneme on the duration of
a verigble phoneme.

Fig. 6 {5 a block dlagram of another embodiment of this inven-
tion. Independent vowel detector 11, nelghboring vowel detector 12,
and prolonged sound transforming unit 13 are inserlead between char-
acter string translator 1 and variable phoneme detector 3 of Fig. l.
The remaining elements of Fig, 6 are the same as in Fig. 1, so thelr
descriptions are omitted here.

Most Japanese words consist of four morae; and of these, words
having a syllabic nasal "N" in the fourth location appear most fre-
quently, The present inventors have observed that the duration of the
syllable nasal "N" in the fourth location is related to the existence of
& syllabic nasal "N" or prolonged sound (L) in the second location.

Independent vowel detector 11, including a comparator {not
shown), detects whether the phoneme string includes independent vowels
O, U, or I. 1f the phoneme siring includes such vowels, neighboring
vowel detector 12, alse including & comparator, detecis the ldentity of
the phoneme immediately preceding the detected vowel. Then pro-
longed sound transforming unit 13, including & code converter, trans-
forms the detected independent vowel into the prolonged sound L if
and only if the combination of the detected independent vowel and the
immediately preceding phoneme fall into one of the following cate-
gories:

(1) The detected independent vowel is either U or O and the
preceding phoneme Is either U or O.
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(2) The detected independent vowel is I and the preceding

phoneme is either 1 or E.
Table 2 shows examples of these cases.,

TABLE 2
Original Tranglated Result of
Character Phoneme Vowel
Example String String Transformation
E. Kuudoo KUUDOQ KULDOL
F. Ookl OOKIL OLKIL
G. Kelkel . KEIKEL KELKEL

The reason for transformation of vowels into prolonged sounds is
that the above independent vowels become prolonged sounds of the
immediately preceding vowels in natursl Japanese spesch. Moreover, it
is helpful, in determining the parameter values of the syllablc nasal or
prolonged sound, to consider the Influence of & preceding phoneme in
the phoneme string.

TABLE 3

Duration of
Character Phoneme Fourth

Example String String Phoneme
H. ' Dangan DA/N/GA/N tg = tg
I, Kelsan KE/I/SA/N ty = tg
J. Tousel TO/U/SE/1 tg = tg
K. Nintel NI/N/TE/I ty = 49

Table 3 shows examples .of the determination of phoneme
duration, In example H, the character string "dangan" (meening
"bullet") includes the syllablc nasal sound "N" in the fourth location.
The duration of this sound is influenced by the syllable nasal sound N
in the second location, so the duration of the former is the same as
the latter (tg = tg). These examples indicate that the duration of the
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syllabic nasal "N" or the prolonged sound L is the same &8s the
duration of the second preceding mora if the phoneme iz either at
that location the syllable nasal "N" or the prolonged sound (L).

Although {llustrative embodiments of the present invention have
been described with reference to the accompanying drawings,

it iz to be understood that the invention Is not limited to those
precise embodiments and that various changes and modifications may be
effected therein by one =killed in the art without dJeparting from the
scope of the present invention. Specifically, while the preferred
embodiment hes been illustrative as synthesizing Japanese speech, it is
equally applicable to speech of any other language,
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CLAIMS:

1. An apparatus for creating synthetic speech
from a character string, comprising: translating means
for translating the character string into a phoneme
string, parameter value determining means for storing a
value of a selected parameter of each phoneme in the
phoneme string, and parametric synthesizer means for
assembling the phoneme string into synthetic speech using
the stored values, characterised by

variable phoneme detecting means coupled to
said translating means for detecting, in the phoneme
string, a variable phoneme, the value of the selected
parameter of which is a function of the identity of an
influencing phoneme in the phoneme string; and

influencing phoneme detecting means coupled to
said variable phoneme detecting means for determining the
identity of the influencing phoneme, said parameter value
determining means being responsive to the result of the
determination for modifying the stored value of the

selected parameter.

2. An apparatus as claimed in claim 1 wherein the

selected parameter is duration.

3. An apparatus as claimed in claim 1 or 2
wherein the predetermined location is at least one mora

removed from the variable phoneme in the phoneme string.

4. An apparatus as claimed in claim 1, 2 or 3
wherein the translating means has an associated memory
for storing a phoneme string corresponding to each of a
plurality of words, the translating means having
comparing means for outputting the corresponding phoneme

string when a stored word matches a portion of the
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14
character string.

5. An apparatus as claimed in one of claims 1 to
4 further comprising memory means associated with said
variable phoneme detecting means for storing, in
association with a variable phoneme, the relative
location at which an influencing phoneme will influence
the value of the parameter of the stored variable
phoneme, the variable phoneme detecting means including
comparing means for outputting the associated
predetermined location when a stored variable phoneme is
detected in the phoneme string.

6. An apparatus as claimed in any preceding claim
further comprising memory means associated with the
influencing phoneme detecting means for storing, in
association with the identity of an influencing phoneme,
data representative of a modification in the stored value
of the selected parameter, the influencing phoneme
detecting means including comparing means for outputting
the associated data when the stored influencing phoneme

is in the predetermined location.

7. An apparatus as claimed in any of claims 1 to
6 wherein the variable phoneme is a syllabic nasal "N".

8. An apparatus as claimed in any of claims 1 to
6 wherein the variable phoneme is a double consonant.

9. An apparatus for creating synthetic speech
from a string of character codes, comprising: code
translating means for translating the string of character
codes into a string of phoneme codes, and speech
synthesizer means for assembling the string of phoneme
codes into synthetic speech, characterised by
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detecting means for detecting, in said string
of phoneme codes, a pair of phoneme codes in non-adjacent
morae, and

modifying means coupled to said detecting
means for modifying a selected parameter of a phoneme
represented by one of said phoneme codes in non-adjacent
morae.

10. A method of creating synthetic speech for a
character string, comprising the steps of:

(a) translating the character string into a
phoneme string;

(b) searching in the phoneme string for any
variable phoneme which has a prosodic parameter which is
alterable by the presence in the phoneme string of an
influencing phoneme in non-adjacent morae;

(c) searching in the phoneme string for -
influencing phonemes for any variable phonemes found;

(d) determining the influence on any variable
phoneme of any influencing phoneme located, and

(e) assembling into synthetic speech the
phoneme string with individual phonemes as modified by
any determined influences.
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