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ABSTRACT

An algorithm for synthesizing pitch con-
tours 1s presented. It is shown that the
relationship between the fundamental . fre-
quency and the frequency of the first for-
mant of stressed vowel should be simulated.
The problem of naturalness of synthesized
speech is discussed.

INTRODUCTION

The text-to-speech systems become more and
more used nowadays. The demands on the
guality of the synthesized speech differ
greatly. It has been found out that under
certain conditions the synthesized speech
has even advantages over natural speech
because of its machine-like quality attrac-—
ting the attention of the Tlistener [1].
Although the systems vary in their capabij-
11ty and structure, for those who use them
the most important thing is their intelli-
gibility and the level of naturalness.

One of the main drawbacks of the synthe-
sized speech is prosody, 1.e. the changes
of intonation, intensity and duration which
are not enough controlled. According to
many authors the investigation and the
modelling of intonation is the key=-problem
in  dincreasing the quality of the synthe-
sized speech.

When dinvestigating the changes in the
Pitch of natural speech, two characteristic
components could be brought out: firstly,
slow and large changes of the pitech (4nto-
natfon contours) and secondly, fast and
small changes of speech (the “fluctuation®
of pitch). Both the components are intrin-
sic for the speech signal and their absence
causes losses in the quality of the synthe-
sized spaech.

The movement of the pitch has been inves-
tigated by many authors already for a num-
ber of years. various algorithms for the
modelling of the intonation contours have
been created [2,3,4] and the micromelody in
different contexts has been studied [5,6].
When describing the intonatfon of Rus~
sian, the intonation contours of syntagma
are widely accepted units [7]. Syntagma is

the minimal prosodical unit which qouk
stil1l be divided into the following func-
tional parts: (1) precentre, (11) centre,
(111) postcentre. A special role in a syn-
tagma is played by the so called intonation
centre (by the intonation centre we mean
the most important word of the syntagma)
because the changes of the pitch in the
centre are the most important feature in
distinguishing different intonation types.

In speech the intonation is organically
connected with other components of the
signal. There are two types of components
in a speech signal. On the one hand, there
are components controlled by the articula-
tory program and on the other hand, compo-
nents depending on the structure of articu-
latory organs. It may be assumed that the
naturalness of human speech depends on
interdependent parameters of the signal,
i.e. a change in a certain parameter brings
about a change in some other parameter. In
other words, there exists a principle of
"integral unity" between the parameters of
the signal.

The aim of our research is to increase the
naturalness of the synthesized speech
through the modelling of the Jntonation
contours; to point out the possible causes
of machine~-1ike sound of the synthesized
speech and to Yintroduce the connections
between the parameters of a speech signal
according to the principle of the “integral
unity”.

THE ALGORITHM FOR THE SYNTHESIS OF THE
INTONATION CONTOURS

Under the synthesis of the 1ntonatfon
contours we mean the creating of the cont-
rol parameters .for the pitch .generator
which are based on the duration of the
synthesized message, punctuation marks.,
word stress and sentence stress.

Pitch generator

The control parameters for the pitch gene-
rator are the fundamental frequency and the
time of transition from ome frequency t©
another (duration). The typical range ©
the fundamental frequency for the male
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voica is 80=180 Hz. Ouring the synthe§1s
this range is divided into 8 levels; as for
the time of transition, it is sgff1c1ent to
have 4 meanings in the range of 50 wup to
300 ms. It is also possible to choose the
form of glottal pulse.

The models of intonation contours

There are various descriptions of dJntona-
tion contours in Russian [8]. In choosing
the models for the present paper we used
the descriptions given in (7,9]. At the
present moment the declarative, the inter-
rogative, the nonterminal and the exclama-
tory models have been realized.
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Fig. 1. The models of intonation contours.
a declaration,

—~=- an interrogation,

—-.~ & nonterminal,

secevs an exclamation,

T1 -~ precentrse,

T2 - centre,

T3 - postcentre,

T4 - the end of the syntagma.

Initial data

When developing the algorithm f:r fg?i
feneration of intonation contours t eside—
lowing fnit1al data was taken into con
ration:

: - h
- the 9Ynput text should be suppliedte:lz~
“ord-stress marks (') and with sen
stress marks (''); t
" In order to distinguish between diffz:s:—
t¥pes of intonation the following punntaG‘
tion marks are used at the end of a sy
ma:

[-] - a declaration,

[.] - a nonterminal,

{?] - an interrogation,

[!] - an exclamation;
" the jnput data for the algorithm car-
$equence of elements where each bytef the
"les information about the duration ohe end
ﬂemant' about the stress and about t
of the syntagma;
N 3 tin

the possibility of changing the :x:: o?

"dels  and of adding other mocde

is a

ther
Ft°"at1°n contours corresponding to ©
UNCtuation marks ;
- ; urs
when describing the intonation conto

" knowledge about programming is needed:
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= the minimizing of the working time of the
algorithm and the capacity of the memory;

~ the realization of the algorithm using a
8~bit microprocessor 18080.

The description of the algorithm

The algorithm functions in 3 steps:
(i) the punctuation mark determines the
type of the model of intonation contours of
the syntagma and the durations T1, T2, T3,
T4 are computed;

(ii) depending on the stress-mark the dura-
tion of the segments is determined during
which the fundamental frequency changes
with a constant rise; )

(i) the approximation of the fundamental
frequency with. 1inear cuts, J.e. the con-
trol parameters of the FO generator are
computed.

The algorithm needs about 1 KByte memory
and works in real time.

Auditory estimation

In order to estimate the efectiveness of
the algorithm, sentences consist1qg of one
and two syntagmas with all types of intona-
tion contours were synthesized. The type of

“intonation was in most cases distinguished

correctly by the listeners and the intona-
tion contours were safid to correspond
satisfactorily to those of human speech. At
the same time the synthesized speech as a
whole still had a machine-like sound.

Thus, in order to increase the natura1nesi
of the synthesized speech it is not enoug
to control only one of the parameters.

THE PROBLEM OF NATURALNESS

The text-to-speech systems used by us /10/
and many other authors contain twod m:;n
blocks =~ the model of vocal tract an ; f
block of control on the basis ot a micro

computer.

TEXT
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'
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SPEECH

The structure of the text-to-speech
systems.

Fig. 2.
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In case of such a structure of the system,
the optimal correspondence between the
control program and the technical aids has
been found. The more exactly vocal tract 1is
modelled, the harder it is to control it;
on the other hand, a too simple model can-
not provide the sufficient quality of

speech.
We have used the classical model of
formant synthesis:
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Fig. 3. The model of the vocal tract.

The control parameters of the model are
established on the basis of a text which is
provided with punctuation marks and stress-
marks. This process consists of the follo-
wing steps:

- transforming the orthographic text into a
phonematic text;

- establishing the time structure;

- computing the intonation contour;

- taking dJnto account <the phenomena of
coarticulation.

The model is characterized by the possibi-
Tity of controlling all the parameters
separately, i.e. the parameters of the
model are not interdependent. Thus, incor-
rect control is possible.

The control errors can be
the process of determining the control
parameters when the quantity of the know-
ledge and the rules of controlling the
synthesis, both able to take the influence
of the phonetic context into account, are
big enough. But this brings about ths en-
larging of the memory of the system and the
demands on the speed of operating the
information.

Another way of eliminating the errors 1s
to set uncontrollable by the program con-
nections between the parameters of the
vocal tract model. The existence of such
connections 1is proved by many authors (more
thoroughly are considered the relations
between the intrinsic pitch of the vowels
and the openness of the vocal tract; the
changes of the pitch frequency in vowels of
CVC context; the changes of the shape of
the glottal pulse in the process of arti-
culation). Such phenomena are rooted in the
peculiarities of the vocal tract, and are
not controlled by the program of arti-
culation. People are used to such phenomena
and regard them as compulsory. It may be
assumed that not taking these connections
into account is one of the reasons of the
machine-Tike sound of the synthesized
speech.

eliminated 1n

This can be proved by introducing into the

vocal tract model the additional connec-
tions which Jimitate the above mentioned
phenomena.

As the frequency of the first formant s
the best determinant of the openness of the
vocal tract, the connection between the
frequency of the first formant and the
pitch frequency is introduced. The experi-
ments carried out by using the formant
synthesizer showed that the machine-like
sound diminishes 1f a dependence in accor-
dance with

FO = O * K/F1

is introduced, where F0 is the frequency of
the pitch generator, F1 is the frequency of
the first formant of a vowel, fO0 is the
computed frequency of the pitch and K s
the coefficient of connection (K=500).

The dependence should be introduced for
stressed vowals, for in all the other cases
FO=f0.

In order to check the validity of this
introduction, an experiment was carried
out with a group of naitive listeners.
Sentences consisting of one and two syntag-
mas and with different intonation types (10
sentences per each type) were synthesized
using the formant synthesizer. The senten-
ces were synthesized first without the
connections between FO and F1 (sentences A)
and then with introducing the connection
(sentences B). The listeners heard the
sentences in pairs of optional order (AB or
BA). The task of the listeners was to esti-
mate which varjant in a pair was more
natural.

The results of the experiment prove firmly
that the fJntorduction of the above men-
tioned connection d1s justified, for in all
the cases the I1isteners chose variant B 2S
more natural of the two.

The effectiveness of the
depends on the

introduction
choice of the value of
coefficient K. From the point of view of
naturalness, the optimal value of K appea”
red to be K=500. When K<<500 the effect was
not noticed, when K>>500 the structure of
an  intonation contour is violated and 2n

effect of deep emotional excitement could
be detected.

DISCUSSION

Although the obtained results demand to be
studied thoroughly, already at the present
stage the structure and the principles of
encoding the speech signal can be detected:
The fact that the Yntroduction of the con”
nections between the pitch and the first
formant affect the quality and the natural”
ness of the synthesized speech was to be
expected. There are a number of indirect
data ponting to the fact that all 11vind
organisms and the signals they send out are

subject to a general principle of “integra
unity” .
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asccording to this principle information is
encoded 1in a definte number of signs which
are arranged in an order according to the
importance and reliability and where the
previous sign determines the region and
corrects the strategy for searching for the
following signs in the order of importance.
A1l the signs can change within the corri-
dor which width and the trajectories of the
movement are determined by previous signs
1J.

Ehl introduced connections between the
first formant and the pitch correspond to
the principle of "integral unity" and can
be explained by the fact that the frequency
and the impulses of the pitch depend on the
tension of the vocal cords, on subglottal
pressure and pressure over the vocal cords.
The tension of the veocal cords and subg1pt—
tal pressure directly control the muscles
of the larynx and the diaphragm. The pres-
sure over the vocal cords coordinates the
maxilla, the tongue and the 1ips. The Jess
opened the vocal tract is, the higher is
the pressure over the vocal cords and the

fundamental frequency. In case of fluent
speech the openness of the vocal tract
changes quickly and the real fundamental

frequency fluctuates around the 1nton§tion
contours, depending on the position of the
maxilla, tongue and lips.

CONCLUS 1ON

Intonation s an essential factor when

trying to 4increase the quality and the
naturalness of the synthesized spegch but
n order to get rid of the machine-1ike

sound it is not enough to model the intona-
tion correctly. 1In a speech signal all the
signs  are distributed 1in the whole
ﬁequency—duration range and the machine-
like effect is caused not only by the mono-
tony of the changes of the pitch but are
3lso characterized by the form of the glot—
tal pulses, intnsity, duration structure
etc. In order to completely free the syn-
thesized speech from the machine-Tlike sound
Tt 4s necessary to control not only the
thanges  of pitch around the intonation
tontour but also all the other signs. But
for that 1t is inevitable to study the
Connections between the different parame-
fers  so that the optimal strategy of con-
trol can be worked out, 1.e. which of the
Parameters are controlled by a program and
' which the connections agcording to the

Principle of *integral unity® can be
pplied,
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