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A Prototype of the Computer System for Speech
Intonation Training

Lobanov B.M., Zhitko V.A.
United Institute of Informatics Problems NAS Belarus
Minsk, Belarus
Email: lobanov@newman.bas-net.by, zhitko.vladimir@ gmail.com

Abstract—In this paper we describe the importance of intona-
tion in human comprehension of speech. We lay out fundamental
principles of intonational theory of speech that is based on the
concept of universal melodic portraits. In this paper we describe
the main algorithms of analysis and interpretation of intonation in
an utterance that underlie the developed computer-based system
for teaching of speech intonation. We further show the system’s
output and discuss its usefulness in teaching foreign language
intonation.

Keywords—Intonation of speech, speech analysis and synthesis,
melodic portrait, intonation analysis and interpretation, computer
system for teaching, intonation training.

I. INTRODUCTION

Intonation plays significant role during speech compre-
hension. Without intonation, it’s impossible to understand the
expressions and thoughts that go with words.

Speech intonation shows a communicative intention of
an utterance, its logical meaning, a prominence of the most
significant theme in relation to general themes (actual division
of a sentence), a distinction between semantically associated
segments of speech, and an integration of speech elements
within these segments. We can therefore think of intonation as
referring to the way we use the pitch of our voice to express
particular meanings and attitudes. The exact relation between
intonational patterns and informational structure (as part of
semantics) is still to be investigated.

A common linguistic idea is that foreign accent appears
more evident in intonation, and therefore, prosodic aspects
of speech should be explicitly taught to students who wish
to communicate intelligibly in a foreign language. Foreign
accent arises due to contact between two different language
systems, namely, at bilingualism, because of language inter-
ference. Intonation is the most important aspect of speech
that provides both linguistic and sociocultural information.
Considering that functions of intonation in speech are various,
and that deviations in this area can lead to significant semantic
differences, incorrect intonation can make a wrong impression
during the speech of a non-native language speaker [1].

In this view, is it very important to emphasize intonational
aspects of speech while teaching foreign language. In [2] an
automatic intonation assessment system for computer aided
language learning is described. The similarity between refer-
ence and test intonation templates is evaluated on a frame-
by-frame basis by using the DTW alignment by estimation
of the correlation between both FO curves. Previously [3 —
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5], we’ve published several scientific results in the area of
speech intonation analysis and synthesis which can serve as a
foundation for the creation of innovative intelligent systems of
automatic intonation assessment for computer aided language
learning.

II. GENERAL INFORMATION ABOUT SPEECH
INTONATION

In phonetics and physiology of speech, a phrase is consid-
ered to be a comparatively independent unit in speech intona-
tion [6]. Phrase independence manifests itself in articulatory
integrity, semantic and syntactical association of linguistic
units, and in presence of objective traits that allow singling
it out from a speech stream. Any punctuation mark can set
a boundary of intonation phrase in a written text. However,
quite often the number of phrases can be greater than the
number of punctuation marks. Generally, a phrase is a com-
bination of one to five words, with a three-word phrase being
the most common. A particular place of a phrase boundary
is determined by the optimal satisfaction of the semantico-
syntactic, phonetic and physiological requirements. The first
of the named requirements prescribes a union inside a phrase
between semantically connected words that cannot be split into
two phrases. The second requirement denotes the tendency of
language phonetic systems for definite rhythmical construction,
for example, a group of two to three words combined in one
phrase. Finally, the third requirement prescribes the formation
of a phrase with the number of words that could be physically
pronounced during the time required for one act of exhaling.

After definition of a phrase, the next step in intonational
speech analysis is determination of a phrase intonation type.
The main intonation phrase types include: completed and
uncompleted phrases, special and common questions, exclama-
tion phrases, and some others types. The number of intonation
subtypes of the main phrase intonation types could reach
several dozens. The task of definition of an intonation subtype
is achieved by the analysis of two factors: the position of a
phrase in a text and by its semantic value. The first factor, a
position in a text, is determined by the analysis of a phrase
position in relation to the nearest punctuation marks. For
example, its position at the beginning or the end of a text,
its position before or after punctuation marks, and the type of
punctuation mark in a sentence. The second factor, a semantic
value of a phrase, is determined based on the meaning of a
phrase and on its logically emphasized intonational center. In
particular, it needs to be determined whether a phrase expresses
intentions, explanations, follow up questions etc. The final



decision on an intonation type and subtype of a phrase is made
after considering both factors.

Speech intonation is physically realized by the set of
acoustic means, named the prosodical parameters:

e melodics - the movement of the frequency of the main
tone (FO);

e  energetics - the current change of the force (amplitude)
of the sound (A);

e  rhythmics - the current change of the duration of the
sounds and pauses (T).

Since melodics of speech is the most informative among
these parameters, the main attention in this article is given to
the melodics.

III. BLOCK DIAGRAM OF THE SUGGESTED COMPUTER
SYSTEM FOR SPEECH INTONATION TRAINING

Figure 1 contains a block diagram illustrating sequence
of algorithms for analysis of speech intonation within the
developed computer training system. The main goal of the
system is to provide a student with a compact and easily
interpretable image for the results of analysis of melodic
and energy contours of phrases with different intonation. The
system would also provide a visual, auditory and numerical
evaluation of the quality of learning of a foreign speech
intonation by a student.

Block 1 contains the database of phrase samples with dif-
ferent intonation patterns which is compiled from multimedia
textbooks (see, for example, [7] for Russian language, or [8]
- for English). Every sample phrase has preliminary placed
prosodic marks that include phrase boundaries and placement
of its nucleus.

Based on a given goal of intonation learning, a student
chooses the needed sample phrase, hears it and pronounces it.
The pronounced phrase is recorded on the buffer (block 2).

Select a training
phrase sample |

(1) Database of the 5_2) Detector and

marked phrase samples buffer of the speech

h 3

(3) Spectral analysis, DTW- comparison and prosodic
marking of the pronounced phrase

A

(4) Calculation of prosodic parameters, interpolation,
median-smoothing and normalization

3

(5) Estimation, mapping and comparison of
universal melodic and energetic portraits

Screen presentation of the analysis results. |
l_ Estimation of the training guality |

Figure 1. The block diagram of the computer training system of foreign
speech intonation
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In block 3, the signals from both sample and pronounced
phrases are analyzed by calculating Mel-frequency cepstral
coefficients (MFCCs) and then compared using the modified
method of DTW — continuous dynamic time warping (CDTW)
[9]. This is accompanied by determination the beginning and
the end of the pronounced phrase, a transfer of prosodic marks
(phrase boundaries and placement of its nucleus) and labeling
of a pronounced phrase.

In block 4, prosodic phrase parameters of both sample and
pronounced speech signals, such as FO — frequency of the basic
tone (pitch), and A0 — energy of the signal, are calculated.
These parameters are further interpolated on the non-vocal
areas of speech signal, and then they are median-smoothed
and normalized on their minimum and maximum of phrase
values.

In order to calculate the proper value of training quality,
in block 5, an estimation and comparison of universal melodic
and energetic portraits are produced.

Figure 4 presents illustration of system’s output for the
interrogative phrase: ”Did Sasha eat the porridge?” The image
shows successive processing FO (t) and AO (t) and a compari-
son of the sample phrase and the student-spoken phrase speech
signals.
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Figure 2. The illustration of speech signals processing: 1- oscillogram, 2
— spectrum, 3 — FO(t) (original), 4 — FO(t) (after interpolation and median
smoothing), 5 — comparison of two melodic curves FO (t) - sample and spoken
phrases

IV. SOFTWARE REALIZATION OF THE COMPUTER
SYSTEM PROTOTYPE

Software realization of the prototype is written on C++
programming code by using Qt framework. It can be compiled
under Windows platform (from xp to 10 versions), also under
Linux platform.

Application used following libraries:

e OpenAL - used for multimedia interaction (audio
input/output). OpenAL is a cross-platform audio appli-
cation programming interface (API). It is designed for
efficient rendering of multichannel three-dimensional
positional audio;

e MathGL - used for draw graphics. MathGL is a li-
brary for making high-quality scientific graphics under
Linux and Windows;



e  GNU Scientific Library (GSL) - used for data calcu-
lation and processing. GSL is a numerical library for
C and C++ programmers. It is free software under the
GNU General Public License;

e SPTK - used for audio data analyzing. SPTK is a
suite of speech signal processing tools for UNIX
environments, e.g., LPC analysis, PARCOR analysis,
LSP analysis, PARCOR synthesis filter, LSP synthesis
filter, vector quantization techniques, and other ex-
tended versions of them.

Application core divided into several modules that imple-
ment standalone functions. Such modules can implement audio
signal recording, voice detection, DP processing and so on.
As this modules a independent from each other, we can easily
build different applications by replacing this modules for other
one or integrate them in external systems.

For build main user interface used built-in web engine.
User interface built on html5, css3 and js (React]s js frame-
work). “Developer mode” user interface build on standard Qt
forms.

Main user interface is independent from application core
and can be modified or even replaced by other one. Use
html/css/js standard allow easy change application front-end
for different purposes. For interaction with application core
exists a number of special links formats that processed by
application core. Such links can open different applications
dialogs (like settings, developer mode and so on), process input
audio signals and play audio files.

So we can easy build different training systems by replac-
ing front-end and training data files.

The starting page of the User Interface is shown in figure
3. From this page, also possible to pass in “Developer mode”.

IntonTrainer® ROl cctngs  Dewelpermote

INTONATION LEARNING

.

Would you like coffee
—d

¥ fen or o soda?

—_— —
I hove ol three.

Figure 3. Starting page of the User Interface

After clicking the ”Start” button, a new window opens (see.
Figure 4) in which a list of training phrases appears. When
selecting one or another test phrase, there is an additional
window where you can choose from 3 options: “Show pitch”,
“Show energy” or “Show spectrum”.

When selecting the “Developer mode” one can see the
full list of test phrases (see Figure 5). In this mode one can
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Figure 4. The page of the test phrases selection

choose additional options clicking the buttons: “Evaluation”,
“Record”, “Play”, “Remove”, “Rename” and “Settings”.
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Figure 5. The “Developer mode” window

When selecting the “Evaluation” in the “Developer mode”
window one can see the acoustic parameters of the test phrase
(Figure 6), or the smoothed FO-parameter of the test phrase
(Figure 7), or the FO-correlation between the test phrase and
the same phrase pronounced by student (Figure 8).

R e,

Figure 6. Showing of the acoustic parameters of the test phrase

tE)

When selecting the “Settings” in the “Developer mode
window one can change some speech analyzer parameters,
such as: frame size, frame shift, type of frame windows, LPC
order and others (see Figure 9).



B i “vEm

—— ) ol e ofpafiomarh —— B9 g

Figure 7. Showing of the smoothed FO-parameter of the test phrase
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Figure 8. Showing of the FO-correlation between the test phrase and the
same phrase pronounced by student
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Figure 9. The “Settings” mode window

V. CONCLUSION

We believe, that there is a great potential in both domestic
and international markets for a new and innovative product
such as the proposed computer system for intonation training
integrated into a foreign language educational courseware. To
our knowledge, there is no satisfactory software available for
such teaching system and, therefore, such system appears to
be of great relevance. For example, there are considerable
intonational differences between Russian and English lan-
guages. American English native speakers made the following
interesting observation: “Ask an average American what they
are thinking about the Russian accent, and the answer will be
as follows: “Russians don’t sound very friendly. I feel like they
don’t like me at all. I am not sure whether it comes from their
language or from their culture?” One of the reasons why native
Russian speakers sound unfriendly in English is the so called
“flat” tone. Native Russian speakers often do not use language-
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specific phonological representation of intonation during their
conversation in English. Moreover, native Russian speakers
tend to avoid using rising and falling intonations in English
and, as a result, Americans may find their speech unfriendly
and unpleasant.

Application of an intonation mapping analyzer as a part of
a speech recognition system is expected to increase reliability
of recognition through the prominence of accented words
and intonational segmentation of a speech flow. Intonation
analysis will also be helpful for subsystems of identification of
individual and emotional factors of speaker’s speech. The use
of intonation system in speech synthesis systems will give an
opportunity to improve intonational prominence of synthesized
speech so that it will positively affect listener’s comprehension.
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[MPOTOTHNIIL KOMHbIOT]?PHOIZ CUCTEMBI
OBYYEHUNY PEYHEBOU NHTOHAIIMN

Jlobanos B.M., 2Kurko B.A.

B crarbe obocHOBBIBaeTCST BayKHOCTH WHTOHAIMW JIJIsT
BOCIIpUSITHAST W TOHUMAHUs pedn 4ejoBeKoM. OnucaHbl
dyHIaMeHTaIbHbIE IPUHIIAIIBI THTOHAIIMOHHON Teopun pe-
qr, KOTOpasi OCHOBBIBAETCsI Ha KOHIIEIIIUU yHUBEDPCAJb-
HBIX MEJIOJMIECKUX MOPTPETOB. B cTaTbe OMUCHIBAIOTCS
OCHOBHBIE aJITOPUTMbI aHAJIM3a U WHTEpIpeTanun (ppaso-
BOIl MHTOHAITNHU, KOTOPBIE JIEZKAT B OCHOBE Pa3pabOTaAHHON
KOMITBIOTEPHOI CHCTEMBI, IIPETHAZHAYEHHO 71t 00y YeHUsT
peueBoit naToHaNUU. [l0Ka3aHBI BHIXOIHBIE XapaKTEPUCTH-
KN CHCTEMBbI U 0DCy>KJaeTcs €€ IOJIe3HOCTb B O0ydeHuu
WHTOHAIMH WHOCTPAHHOTO SI3BIKA.
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