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Abstract

The report is concerned with the experimental study of the
idiosyncrasy of utterance-into-phrase segmentation observed
in the speech of a popular Russian TV-anchorman and two
TV-news readers. Comparative statistical estimation of
relative frequencies of occurrence of pauses of various
duration, frequencies of occurrence of phrases and pairs of
phrases with a different number of accent units were
computed, as well as frequencies of occurrence of phrase
break between different consecutive parts of speech. On the
basis of the results obtained a stochastic algorithm of
personalized utterance-into-phrase segmentation is developed.
The algorithm is intended to be implemented to the system of
individual voice cloning using a text-to-speech synthesis.

1. Introduction

It is well known that the location of prosodic phrase breaks in
natural speech depends on the grammatical categories of the
text, the morphological and syntactical construction of
utterance, the semantic characteristics of the text, speech
style, certain language and extra-linguistic factors.

There are a number of models for predicting the location of
prosodic phrase breaks for an utterance to be spoken by a TTS
system [1-4]. There are several studies in Russian natural
speech, dealing with acoustical and perceptual peculiarities of
utterance-into-phrase segmentation [5-7]. Most of the studies
performed were oriented to revealing the language-specific
peculiarities of utterance-into-phrase segmentation. Similarly,
most of the models developed assign the phrase breaks, which
a speaker might assign in natural speech. Our goal in this
work is to predict the location of breaks and duration of
pauses caused by a particular speaker's speech idiosyncrasy.
In [8, 9] TTS synthesis was suggested as a computer means
for personal voice and speaking manner "cloning", granting
the closest possible simulation of acoustic, phonetic and
prosodic features of the synthetic speech. The task of cloning
is that of preserving, as fully as possible, the personal acoustic
peculiarities of the voice, the phonetic peculiarities of the
pronunciation of segmental sounds and the individual
prosodic features, i.e. the individual peculiarities of the tonal,
rhythmical and dynamic ordering of speech.

The primary objective of the research is the verification of
differences in relative frequencies of occurrence of pauses of
various duration, relative frequencies of occurrence of phrases
and pairs of phrases with a different number of accent units
(AU), and possibility of occurrence of prosodic phrase breaks
between different consecutive parts of speech for different
speakers. The next goal is to create stochastic algorithm
useful for cloning the individual manner of utterance into
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phrase segmentation based on the experimental results thus
obtained.

2. Experimental procedure

2.1. Speech corpora

The experimental study of individual peculiarities in
utterances into phrases segmentation effected by a popular
Russian TV-anchorman and two TV-news readers is based on
the speech corpora obtained from audio recordings of their TV
programs. The corpus for each speaker contains about 15-20
minutes of recordings that corresponds to about 100-130
sentences for different speakers or more than 1,000
orthographic words in the tapescript.

2.2. Speech corpora and tapescript processing

The procedure of speech corpora and a tapescript processing
is shown on fig. 1.
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Figure 1: Procedure of speech corpora and a tapescript
processing

The audio recordings were initially transcribed verbatim by
auditory analysis. On the basis of the verbatim thus obtained
the final transcript was composed by removing the
mispronounced words and sounds. The recordings were also
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cleaned from fragments with all sorts of interference
(breathing, noises, music, etc).

The next steps of processing — segmentation into phrases and
grouping words into accentual units (AUs) — was performed
by the experienced phoneticians.

A phrase is taken to mean a prosodically separate piece of
utterance or an entire utterance. Phrases boundaries were
marked out in the transcripts and audio recordings by
consecutive auditory analysis. The final decision about the
phrase boundary was taken on the basis of several features,
such as breath-pauses, complete realization of a selected
specific intonation type, specific dynamic contour (sound
amplitude envelope) and rhythmic structure (speech sound
duration). When analyzing audio recordings into phrases,
punctuation marks and other formal clues in the tapescripts
were also taken into account.

After the assigning phrase boundaries, each phrase was
consecutively analyzed aurally and marked out in the
following way. Each stressed word within a phrase was
marked with primary (+) or secondary (-) stress, respectively.
The words with no stress were joined with the neighbouring
stressed words thus forming phonetic words. Then the
adjoining words with weak stresses and strong stresses were
united into AUs in such a way, that each AU has one strong
stress.Then AU-boundaries were marked out in the script.
Given in Table 1 is an illustration of a tapescript broken down
into phrases with word-stress placement for a fragment of TV-
anchorman natural speech following its auditory analysis.
Forward slash (/) marks the AUs boundary.

Table 1: List of phrases with number of AUs and pauses
duration indicaors

N° Accents and AUs marked 5 -
text 5.2 8 S =
E3| FEE
5 ~ 3
Z
1 /3npa+BcTBYiiTe/, 1 200
2 /moporu-+e/ /nrobutrenn/
/myteme+cTBU/. 3 1100
3 /Cero+nus/ 1 75
4 /MbIt/ /oTipa+BUMCs/ 50
/cBa+mu/ 3
5 /BOUHNA+HIUIO/, 1 750
6 /], 1 150
7 /MHe+/ /xa+xercs/, 2 0
8 /4aro- >+1o/ /myTenie+crue/ 4
/6y+net/ /mnsBact/ 400
9 /nHTEpe+CHBIM/, 1 0
10 /TMOCKO+IIBKY/ 1 400
11 /myTterue+crBue/ /3+1o/
/HeTo+nbKo/
/BrIpocTpa+HCTBE/, 4 50
12 /Ho+/ 1 120
13 /u- BoBpetMeHwH/. 1 650
14 /MpIt+/ /paccka+xem/ /B+am/ 3 120
15 /ot+/ /crapu+HHBIX / 2 900
16 /utHCKUX/ /KpenocTa+x/. 2 400

The result of the processing is a list of phrases with specifying
a number of AUs and pause duration.

3. Experimental results and discussion

The quantitative characteristics of idiosyncrasy of prosodic
phrasing observed in the speech of three speakers included:
relative frequency of occurrence of pauses of various
duration, relative frequencies of occurrence of phrases and
pairs of phrases with a different number of AUs, and
possibility of phrase break appearance between different
consecutive parts of speech. The result of the first three
characteristics estimation are shown in figures 2-4, namely:

in figure 2 - relative frequencies of occurrence of pauses of
various duration for different speakers;

in figure 3 - relative frequency of occurrence of phrases with
a various number of AUs;

in figures 4 - relative frequency of occurrence of pairs of
phrases with a various number of AUs.
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Figure 2: Relative frequency of occurrence of pauses of
various duration.
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Figure 3: Relative frequency of occurrence of phrases with a
various number of AUs.



%

80
60

Number of AUs in phrase pairs

OTV-anchorman DO TV-news reader 1 B TV-news reader 2

a)

40 |

iy

0 ‘ ‘ |_'_-_
2-1 2-2

Number of AUs in phrase pairs

OTV-anchorman DO TV-news reader 1 B TV-news reader 2
b)

%

80

60

%wal -

Number of%Us in phrase pairs

OTV-anchorman DO TV-news reader 1 B TV-news reader 2

c)
100%
80
60
40
it 1 W)
0 . D
4-1 4- 4-4
Number of AUs in phrase pairs
OTV-anchorman DOTV-news reader 1 B TV-news reader 2

d)

Figure 4: Relative frequency of occurrence of pairs of phrases
with a various number of AUs with each pair beginning with

a) a one AU phrase, b) a two AU phrase, c) a three AU phrase,

d) a four AU phrase.

Referring to Fig. 2, it can be seen that the distribution of inter-
phrase pause duration is rather even only in TV-anchorman,
the other two speakers — TV-news readers — clearly showing
the maximum frequency for minimum-duration phrase pause.
Alternatively, with reference to Fig. 3, it will be observed that
only the TV-anchorman’s speech demonstrates a pronounced
predominance of one-AU phrases and a comparatively even
distribution of two- and three-AUs phrases. The analysis of
distributions in Fig. 4 suggests similar conclusions.

The obtained statistical characteristics were united to a
double-dimension array, where column and row indices
indicate the number of AUs in the first and second phrase of
the pair, respectively. The values for relative frequencies of
occurrence of phrases with a various number of AUs are
placed to the first row (with the column index of 0). The
resulting array with corresponding values for the TV-
anchorman and generalized values for two TV-news readers,
separated by slash, is shown on table 2.

Table 2: Frequencies of occurrence of pairs of phrases
with different number of AUs for TV-anchorman and two
TV-news readers

1 2 3 4
0 58/16 22/49 14/25 6/10
1 53/21 22/49 17/12 8/18
2 50/14 35/54 10/26 5/7
3 70/17 15/35 15/37 0/11
4 100/21 0/57 0/15 0/7

The last quantitative characteristic — possibility of phrase
break appearance between different consecutive parts of
speech (POS) does not separated by punctuation mark — was
represented by the values of either 0 or 1. The value of 1 was
assigned to the pair (p,, pm) if the number of corresponding
POS pairs in the typescript, separated by phrase break, was
appeared in more then 10% cases.

The results for different POS pairs thus obtained were united
to a double-dimension array, were column and row indices
indicate the first and second POS of the pair correspondingly.
The resulting array (of the most frequent POS pairs) with
corresponding values for TV-anchorman and generalized
values for two TV-news readers, separated by slash, is shown
on table 3.

Table 3: Possibilities of phrase breaks appearance
between different consecutive parts of speech for TV-
anchorman and two TV-news readers

> = 13} =
£ |3 22|32
B = .

S5|a |5 |2 |E|5|¢&

> < < Z ~ o ~
Verb I/t |10 (1/0 | /0 | /1 | /1 | /0
Adverb 10 | 0/0 | 1/1 | 0/0 | 0/0 | /1 | /1
Adjective 0/0 {0/ | 1/1 [1/0 [0/ [ 1/1 [0/0
Noun /r |11 (/1 yo {10 | /1 |11
Pronoun 1/0 | 0/0 | /0 [ 2/0 | 0/0 | 1/0 | 1/1
Conjunction 1/0 (0/0 | 2/0 | 1/0 | 1/0 | 0/0 | 1/0
Preposition 0/0 1 0/0 [1/0 | 1/0 | 1/0 | 0/0 | 0/0




As is evident from table 3, the possibility of phrase break
appearance between different consecutive POS diverge
considerably for both TV-anchorman and TV-news readers.
Significant differences are observed on the possibility of
phrase break after pronouns, conjunction and preposition for
TV-anchorman that is not typical for TV-news readers.

The obtained statistical arrays (tables 2, 3) are used in a
stochastic algorithm of utterance into phrases segmentation.

3. The stochastic algorithm of utterance into
phrases segmentation

The algorithm uses the following resources:

=  Grammatical vocabulary for Russian. The
vocabulary includes a list of word-forms with a
specified POS for each word-form.

= The array F(r, s) with frequencies of occurrence of
pairs of phrases with different number of AUs (see
table 2), where 0<r<4, 1< s<4. The array
elements are natural values in range [0 - 100].

= The array G(p,, pm) of possibilities of phrase breaks
appearance between p, and p, parts of speech,
where p, and p,, are particular parts of speech (see
table 3). The array elements are binary values: 0 or
1.

The algorithm input is an orthographic text. The text must
preliminarily be transformed to a canonical form, i.e.
numbers, formulas, abbreviations and contractions must be
converted to a text form.

Algorithm description:

1. The phrase boundary is assigned after each punctuation
mark in a text.

2. For each of the framed phrases phr;, where i is an order
number of a phrase, satisfying the condition 1

|phr | > 5 (0,

where |phr| is a power of phrase — number of words in a
phrase, having at least one vowel, the steps 3—6 are
performed.

3. Each word w; of phr; is marked by POS tag (from
grammatical vocabulary). The sequence {p;} of POS tags is
composed, where each p; corresponds to a word of the input
text.

4. For each (p;p;;)) pair the sequence {G(p;, p;+)} is
composed from corresponding values of G(p,, p.)-

5. The elements of {G(p; p;+;)} are multiplied to the value
fof F(r, s) array, where f'is determined by the formula:

F(0,)), i=1 5
|F(t.j), i>1 and |phr_|=t @
Then the index / of the maximum element of obtained
sequence is founded, so that

I=Arg  (Max {G(p;,p;,) *f})

The phrase break is assigned after the /-th word of the phrase
phr;.

6. From the phrase phr; the next phrase phr;; is framed
after the assigned phrase boundary. While |phr;;| >5, the
steps 3-6 are performed.

The proposed stochastic algorithm is intended to be used as
part of a multi-voice and multi-lingual TTS-synthesis system
[10] under development.

4. Conclusion

The research was concerned with regularities of utterance-
into-phrase segmentation that is only one and, perhaps, not
the most vital part of prosodic phenomena, which carry the
speaker's speech idiosyncrasy. The issues of computational
analysis, employment and quantitative estimation of the basic
set of speech prosodic features have remained beyond the
scope of the present study. They include pitch (fundamental
frequency or tone contour — F0), dynamic contour (sound
amplitude or volume — A) and sound duration (rhythmic
pattern — T). The authors are planning further research into
the inventory of these characteristics in terms of their speaker-
specific properties.
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