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KOMIIBIOTEPHASA CUCTEMA AHAJIM3A
N MHTEPIIPETAIIMU MHTOHAIIMU PEYH

b. M. Jlob6aHnoB, B. A. /Kurtko, 1O. A. 310poHok

Obvedunennwiii uncmumym npooaem ungpopmamuxu HAH Benapycu
Mumnck, benapycs
e-mail: lobanov@newman.bas-net.by

B 3101 cTaThe ONUCHIBAETCA BaKHOCTh MHTOHALIMM B YEJIOBEYECKOM TOHUMAHUU
peYu U B CO3JAHUM KOMIIBIOTEPHBIX CUCTEM aHaIU3a, CUHTE3a U NOHUMAHUA PEUYEBBIX
curHanoB. [IpuBoasTcs OCHOBOIONAralOIUE MPUHLIMIIBI UHTOHALIMOHHON TEOPUU pe-
Y¥, OCHOBAHHOW Ha KOHUEINLWU YHUBEPCAIbHBIX MEJIOAMYECKUX HopTpeToB. Kpome
TOr0, ONKCHIBAKOTCS OCHOBHBIE aJTOPUTMbI aHAJIW3a U UHTEPHPETAMNA MHTOHALIMHU B
MIPOM3HECEHHUH, JISKAIE B OCHOBE Pa3BUTOM KOMIBIOTEPHON CUCTEMBI AJIsi O0YUCHHUS
pedeBoil mHTOHaIMU. Jlajiee MOKa3bIBAIOTCS PE3YIbTaThl pA0OTHI CUCTEMBI U 00CYK/a-
€TCsl €€ MOJIE3HOCTh B 00yYEHUH MHTOHAIIMH HHOCTPAHHOTO SI3bIKA.

KiroueBrsle cioBa: HMHTOHAIMA pPCYH; aHAIIM3 M CHHTC3 pPCyH, MGJIOI[PI‘IGCKI/Ifl
IIOPTPET, aHAIM3 U UHTCpIIpETalus MHTOHAIUM, KOMIIBIOTCpHAasl CHCTEMaA AJIA O6y‘~Ie-
HUA.

COMPUTER-BASED SYSTEM OF ANALYSIS
AND INTERPRETATION OF SPEECH INTONATION

B. M. Lobanov, V. A. Zhitko, Y. A. Zdaranok

United Institute of Informatics Problems NAS Belarus
Minsk, Belarus

In this paper we describe the importance of intonation in human comprehension
of speech and in creation of computer-based systems for analysis, synthesis and under-
standing of speech signals. We lay out fundamental principles of intonational theory of
speech that is based on the concept of universal melodic portraits. In addition, we de-
scribe 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.

INTRODUCTION

Intonation plays significant role during speech comprehension. 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 distinc-
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tion between semantically associated segments of speech, and an integration of speech ele-
ments within these segments.

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 interference.
Intonation is the most important aspect of speech that provides both linguistic and sociocul-
tural 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.

For example, there are considerable intonational differences between Russian and Eng-
lish languages. American English native speakers made the following interesting observa-
tion: “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-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. As another example, native Russian speakers often
do not use question-specific intonational patterns while asking questions in English”.

In this view, is it very important to emphasize intonational aspects of speech while
teaching foreign language and while creating computer-based systems for speech analysis
and synthesis. Previously, 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 innova-
tive intelligent automatic systems for processing of speech signals [1-3].

1. GENERAL INFORMATION ABOUT SPEECH INTONATION

In phonetics and physiology of speech, a phrase is considered to be a comparatively
independent unit in speech intonation [4]. Phrase independence manifests itself in articulato-
ry integrity, semantic and syntactical association of linguistic units, and in presence of objec-
tive traits that allow to single 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 combination 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, pho-
netic 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 uncom-
pleted phrases, special and common questions, exclamation phrases, and some others types.
The number of intonation subtypes of the main phrase intonation types could reach several do-
zens [4]. The task of definition of an intonation subtype is achieved by the analysis of two fac-
tors: the position of a phrase in a text and by its semantic value. The first factor, a position in a
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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 af-
ter punctuation marks, and the type of punctuation marks 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 ex-
presses 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 pro-
sodical parameters:

— melodics — the movement of the frequency of the main tone (FO0);

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

— 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.

2. THE MODEL OF UNIVERSAL MELODIC PORTRAIT (UMP)

The present work is a follow up study to the previously introduced model of univer-
sal melodic portraits (UMP) of accentual units® (AU) for representation of phrase intonations
in text -to-speech synthesis [1]. According to this model, a phrase is represented by one or
more of AUs. Each unit, in turn, can be composed of one or more phonetic word. If there is
more than one word in an AU, than only one word bears the main stress while other words
carry a partial stress. Each AU consists of pre-nucleus (all phonemes preceding the main
stressed vowel), nucleus (the main stressed vowel) and post-nucleus (all phonemes follow-
ing the stressed vowel).

The UMP model assumes that topological features of melodic AU for particular type of
intonation do not depend on a number or quality of phonemic content of a pre-nucleus, nuc-
leus or post-nucleus, nor on the fundamental frequency range specific for a given speaker.

The UMP model allows to represent intonation constructs as a set of melodic patterns
in normalized space {Time — Frequency}.

Time normalization is performed by bringing pre-nucleus, nucleus and post-nucleus
elements of AU to standard time lengths. This sort of normalization levels out the differenc-
es in melodic contours caused by the number of words and phonemes in an AU.

For fundamental frequency normalization Fgmin and Fomax are determined within the
ensemble of melodic contours produced by a certain speaker. This sort of normalization can-
cels out the differences of melodic contours caused by speaker’s voice register and diapason.

The normalization is calculated by the formula

Fo" = (Fo— Fomin) / (Fomax— Fomin) - (1)
In certain cases it may be beneficial to use statistical normalization instead of (1)
Fo' = (Fo—M) /¢, 2

where M is mathematical expectation, { is standard deviation. Note that M can be interpreted
as a register and { — as a diapason of speaker’s voice.

Therefore, the normalized space for UMP may be presented as a rectangle with axes
(Tn, Fo") as schematically shown in Figure 1, while the interval [0 — 1/3] on the abscess Ty

® Accent Unit often referred to as Accent Group [5].
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is a pre-nucleus, [1/3 — 2/3] is a nucleus, and [2/3 — 1] is a post- nucleus. The intervals on the
ordinate Fo": [0 -1/3] — low level, [1/3 — 2/3] — mid-level, [2/3 — 1] - high level.

Figure 2 illustrates the results of time-frequency nor-

I malization of the example one-accent-unit phrases with af-

/—\ firmative intonations: «/t is no distance at ally and «It is only

=k 7 \ a couple of hundred yards».

L Fyn

The first phrase contains four phonetic words (under-

1/3
! lined) and the second one — five. The last word in both
o T phrases is accented (in bold font), and the nucleus is the
0 A 2 1 stressed vowel in this word. Figure 2 shows the intonograms
Fig. 1. UMP-representation of both phrases obtained with the PRAAT package (see:

http://www.fon.hum.uva.nl/praat/ ). The figure demonstrates
that phrases spoken by different speakers differ by 1,5 times in duration and 1,3 times in the
maximum fundamental frequency. Despite these lexical and fundamental frequency differ-
ences, the final construction of UMPs for both phrases (the right-upper part of Figure 2)
makes the similarity of melodic portraits evident.
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Fig. 2. lllustration of time and frequency normalization

3. THE ALGORITHMS OF INTONATION ANALYSIS IN A COMPOSITION
OF THE COMPUTER TEACHING SYSTEM OF FOREIGN SPEECH

Figure 3 contains a block diagram illustrating sequence of algorithms for analysis and
interpretation of speech intonation within the developed computer teaching system. The
main goal of the system is to provide a student with a compact and easily interpretable im-
age for the results of analysis of melodic and energy contours of phrases with different into-
nation. The system would also provide a visual, auditory and numerical evaluation of the
quality of learning of a foreign speech intonation by a student.
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M Select training sample I : Pronounce phrase by a :

I_ phrase JI L _studﬁni ]
(1) Database of the (2) Detector and buffer of
marked sample phrases the speech signals

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

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

| Screen presentation of the analysis results. |
L Visual, auditory and numerical estimation of the quality of study |

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

Fig. 3. The diagram of the computer teaching system of foreign speech intonation

Block 1 contains the database of sample phrases with different intonation patterns
which is compiled from multimedia textbooks (see, for example, [6] for Russian language, or
[7] — 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).

In block 3, the signals from both sample and pronounced phrases are spectrum ana-
lyzed and compared using the method of dynamic time warping (DTW). This is accompa-
nied by a transfer of prosodic marks and labeling of a pronounced phrase.

In block 4, prosodic phrase parameters, such as frequency of the basic tone Fo [8] and
energy of the signal 4o are calculated. These parameters are further interpolated on the non-
vocal areas, median-smoothed and normalized.

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 () and 4o (¢) and a
comparison of the sample phrase and the student-spoken phrase speech signals.

CONCLUSION

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 intona-
tional prominence of synthesized speech so that it will positively affect listener’s compre-
hension.
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Degree of similarity —94.7 %

Fig. 4. 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 F (t) — sample and spoken phrases

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 train-
ing 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. In presented work, we describe the design and the output of the
computer-based system for analysis and interpretation of speech intonation.
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