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VARIATIONS OF THE FUNDAMENTAL FREQUENCY IN POLISH VOICED CONSONANTS*
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The aim of work described in this paper was to verify and confirm the
general thesis regarding the Polish language that the variations of the fun-
damental frequency in voiced consonants can sometimes agree with and some-
times differ from the global tone line plotted on a tonogram for the sequence
of the vowels. The evolutions of this line are considered to be critical in the
perception of the intonation contour. Qualitative and quantitative deseriptions
of the character of variations of the fundamental tone in the voiced consonants
161, 1d], Igl, [¥], Ivl, [2l, [53], [v], |m], [n], |9], [r], and [I] are given.

The relation between these changes and the type of articulation of the
consonant was investigated. The results of the investigations support the
assumption that such a relationship exists. In many respects this fact is in
agreement with the data given in the relevant literature, and its explanation
can be sought in the articulatory and physiological properties of the indivi-
dual consonants.

1. Introduction

It is known that certain features of speech, known as prosodic features,
are related to variations of the fundamental frequency. These include various
types of intonation, accent, the methods of indicating the completion of the sen-
tence, ete. However, it is also known that the variations of the fundamental
tone in segments that correspond to the individual speech sounds are important.
The “microvariations” of F,, analyzed in the voiced consonants, are brought
about by many factors, both articulatory and physiological. One of the most
important factors are the fluctuations in sub- and supraglottal pressure,

* The paper was prepared as a contribution to the fundamental project 10.4. “Sys-
tems and elements of bioeybernetics”.
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related to the occurrence of the articulatory barrier in the upper part
of the vocal tract and the variations of the frequency of the vocal chord
vibration.

Although the significance of variations of the fundamental frequency in
particular voiced consonants for the perception of the functional intonation
units is problematic (various viewpoints on this problem are presented by
JassEM [7], WrrTING [19], Pixe [17]), the results of a series of psychophysi-
cal experiments indicate that a listener can discern variations of the fundamental
frequency over a comparatively short segment (HEINZ [6], LUBLINSKATA [10])
and indeed uses them, in addition to other features, for distinguishing the
phonemes (Crsrovid [3], HAGGARD [5]).

Speech synthesis tests concerned with intonation contours (MATTINGLY
[11], OnmAN, Linpquisr [15], OmMAN [16], MEENERT [13]) show the value
of information about the “microvariation” of F, as regards the distinctness
and natural sound of synthetic speech.

The papers by Mour [14], MEENERT [13], and STEFFEN-BATOG [18] are
concerned with a direct investigation of the variation of F, in consonants; the
latter paper is the only, known to the authoress, investigation of the micro-
variation of the fundamental tone in Polish voiced consonants. The data con-
cerning such microvariation in addition to their purely cognitive character may
also be used in experiments concerning the synthesis, the automatic recogni-
tion and the automatic segmentation of the Polish language.

This paper is devoted to the qualitative and quantitative description
of the variation of F, in some voiced consonants of the Polish language, with
special attention being paid to the relation between these variations and the
type of consonant articulation. A well-known thesis of the decrease of F, in
voiced consonants or, in other words, of the decreasing effect of the voiced
consonants on the F, contour has been verified on Polish sounds. A more com-
plete description of the investigations carried out is published separately
[12].

2. Material and methods of investigations

The analysis of F, variations was performed by using a tape recorder,
oscillograph and “Tonograph”). A newspaper text read four times by four
people was used for this study giving a total of 48 sentences.

The segmentation of the oscillogram provided the basis for further in-
vestigations. The segmentation of the tonogram was performed in agreement

1 The principles of operation of the device are described by Kuszprra [8]. Fig. 1 shows
by the way of an example one of the analyzed segments.
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with this segmentation, with the delay of the tonometer indication by one
period with respect to .the oscillograph taken into account.

In some important but ambiguous cases the segmentation’ was checked
with the aid of a spectrograph and an audio-monitoring deviee separator.
F, contours were plotted on the tonograms and the values of ¥, were measu-
red on them at the beginning, in the middle and at the end of each voiced con-
sonant, by means of hyperbolic scales drawn separately for each voice.

Fo(t)

4 (1)

Fig. 1. Evolution of F, in the utterance: “bledem w przygotowaniach ”(Female voice)

The method of plotting the contour on those segments of the tonogram
that have irregularities in F, ehanges was chosen separately for each indivi-
dual case, depending on the source of the irregularity.

The analyzed material contained different numbers (Table 1) of the fol-
lowing voiced consonants:

stop consonants /bl (d], [¥], lgl, ‘
fricative consonants [v/, |2/, [3/, [v/],

liquid éonsonan‘bs Imf, [nf, [nf, [r], [L].
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Table 1. The frequency of the occurrence of typical patterns of variations of the funda-
mental frequency in voiced consonants. Male and female voices

Num- Pattern of variations of the fundamental frequency
Voiced | ber of
conso- |theea-| V' o A s e fibe 2 It ces —uae
pank o e e % | Quan-| % | Quan-| % | Quan-| 9% | Quan-| 9%
sidered| 4\ tity tity tity tity
Ib] 45 44 97.8 1 2.2
|d] 161 152 94.4 8 5.0 1 0.6
171 13 13 (100
la] 42 39 | 92.9 ‘ R A
v/ 260* | 222 85.4 18 6.9 16 6.2 1 0.4
lz] - 34 30 88.2 1 2.9 3 8.8
/51 13 10 | 76.9 3 |23.1
Y 15 1 6.8 1 | 68 13 | 86.6
|m | 87 4 4.6 11 12.6 12. 113.8 51 58.6 9 10.3
Inf 106 12 11.3 24 22.6 29 27.4 34 32.0 7 6.6
Inl 105 11 10.5 17 16.4 29 27.6 40 38.1 8 7.6
[r] 102 74 72.5 13 12.7 12 11.8 3 2.9
1t 53 20 37.7 7 13.2 5 9.4 20 37.8 1 1.9

* 3 cases of the pronunciation of [v/ were not included in any of the typical patterns of f‘o, but lack of
space prevents their detailed discussion in this paper.

3. Qualitative analysis of the typical microvariations of F,

Types of microvariation of F,. As a starting-point for further considera-
tions the assumption was made that the evolution of the fundamental fre-
quency can be described as the resultant of two relatively independent
transients: a general pitch contour and smaller variations in the limits of voiced
consonants which are superimposed on this contour.

Initially the following types of variation of F, in voiced consonants were
distinguished: falling and rising ***\/***, rising and falling -*- A""*, falling
TUN...,rising ... 0 flat ...__.... Numerical data describing the frequency
of occurrence of these patterns are given in Table 1.

Stop consonants [b,[, [d[, ¥/, |g|. It results from the data contained in
Table 1 that for this group of consonants the variation of F, according to the
pattern \/ prevails. Also some utterances included in the pattern groups\and
/(purely because the variations of F, are analyzed strictly between the con-
sonants limits determined from the oscillograms) represent in fact versions
of the pattern \/. This occurs because the fall of F, in voiced consonants some-
times occupies the entire consonant segment, more rarely, only a part of
this segment, but usually it extends into adjacent segments thus indicating
that even in fthe case of the micro-variation of F, a kind of coarticulation oc-
curs.
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Another reason for the transformation of the pattern \/ into the pattern” s
N\ or — is related to the phenomenon which is conventionally referred to
as the “subordination” of the pattern of ¥, in one particular consonant to the
general variation of F, in a larger fragment determined by all vowels. This
is closely connected with the assumption of the resolvability of the F, variations
into two independent elements. The phenomenon observed in this case can be
described briefly as follows: the variation of F, in the consonant (e. g. a decrease
in F,) is subjected to a “deformation” due to the large rise or decrease of F,
occurring in a longer fragment of the utterance.

When the variation of F, in the consonant itself is insignificant, the ef-
feet of the superposition of the patterns is even more evident. This is clearly
shown in Fig. 2a, where the variation of F,in the consonant /d/ (which in other
circumstances would mean a distinet decrease in F,) is subordinated to the
general large rise of F, from [o/ to /e[ in such a way that the beginning and
the extremum are almost at the same level.

Fig. 2b presents an example in which the F, contour in the consonant
lg] is distinetly decreasing. This figure shows that as F, decreases from
le] via [g] towards the middle of [2/, one sees a microvariation in F, in [g/
in the form of a small bulge somewhat different from the generally decreasing
contour. Examination of this point on the separator shows that this /g/, when
cut out of the text, sounds like a liquid consonant, somewhat similar to [¢/. The
consonant [g/, cut for a comparison out of the same segment of another recor-
ding (but with a marked \/ pattern), had the sound of a kind of voiced stop
impulse and was quite different from the previous [g/.

Thus the evolution of F,, presented in Fig. 2b, cannot be reduced to the
same \/ pattern, presumably because of the specific combination of physiolo-
gical and acoustical factors. It is not unlikely that the proximity of [z/ and
the rapid decrease of the fundamental frequency had a decisive influence on
the /g/ shown in Fig. 2b. It is possible that a combination of two successive
drops in F, occurred with the “prevalence” of the drop in [z/. The difference
in levels of the amplitude of /z/ in the above recording and in the same segment
of another recording (in which the \/ pattern was observed for /g/), is also worth
noting. It is not unlikely that the “loeal” increase of F, in [g/ was due to the
increase in the intensity over a given segment (the occurrence of the pattern
N\ instead of the expected \/ pattern can be interpreted in this case as a “local”
increase of the pitch).

Fricative consonants [v], [2], 5], [7]. According to the articulation of the frica-
tive consonants, their pattern of ¥, should be similar to that in the stop con-
sonants. The analysis has shown that this is the case only for [v/, [z/ and [3/
for which, as for the stop consonants, the most typical variation in F, is the
\/ pattern (Table 1).

In some of the pronunciations the phenomenon which has already been
described for stop consonants was observed, namely the fall and subsequent
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Fig. 2. Changes of F, in some utterances
a) “zawodem juz” (male voice); b) “wedréowek do szkoly” (male voice); ¢) “po ukon-
czeniu” (male voice); d) “tyle potem (female voice); e) “kardynalnym "(male voice)

rise of F, over a segment somewhat longer than the consonant itself, while
the lengths of the part of the F, contour and the limits of the consonants are 3
80 related to one another that the pattern of F, within limits of the consonant
may be increasing (if the fall has taken place before the consonantal limit)
or decreasing (if the rise occurred only after the consonantal limit).

As in the case of the stop consonants, the examination of the fricative
consonants reveals minor variations of the fundamental frequency which are
“subordinated” to the pattern of F, over longer segments.

The sound [y/ within the system of phonemes of the Polish language, is
an allophone of the phoneme /z/ spoken in the position before a voiced
consonant. Out of 15 utterances of [y/ 13 featured a decreasing pattern of F,,
and this suggests that this consonant differs from the other fricative conso-
nants as regards the variation of the fundamental frequency. In fact, the falls
of ¥, which were noticed were mostly insignificant and did not deform the
general contour of the melody. Such falls were not observed at all in some of
the pronounciations. :

A third group of utterances was identified in which fairly distinet or even
considerable falls of F, displaced towards the left limit of [y[ occur. (In Table
1 these utterances were included in the pattern groups N\, V or A of F, depen-
ding on the combination of the fall in ¥, with the general pattern of F,.) Al-
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though the reason for this phenomenon is unknown, it can be said, ahead of
next paragraphs that similar falls in ¥, in the proximity of the boundary of
the consonantal segment were frequently observed in the liquid consonants,
particularly the nasal ones.

Nasal consonants |m/, [n[, [p/. The majority of utterances of these con-
gonants are included in one of three patterns: increasing, decreasing,
or flat F,. The typical patterns actually coincide with the pattern of F, for
a segment longer than the consonant itself. Nevertheless, in some of the ut-
terances of the nasal consonants, larger or smaller deviations of the patterns
from the F, contour in the longer segments can be observed. Among others
there is a fall of F, on transitional segments from vowel to nasal consonant,
or more rarely from nasal consonant to vowel (Fig. 2¢).

In addition several utterances of the nasal consonants with a distinctly
decreasing increasing pattern of F, were observed, but the magnitude of these
changes is smaller than for the stop and fricative consonants.

The occurrence of /\ type patterns in the nasal consonants (Table 1) is not,
as it appears in the case of the other consonants, a feature of the consonant
itself. The occurrence of such a pattern is often associated with the consonant’
position being either in front of the pause in the phonation before which the
fall of ', took place, or before a voiced fricative consonant in which an independent
fall in F, occurs and this, for example in conjunction with a preceding rise of the
fundamental frequency, led to the A pattern, or finally to a melodic breakdown.

Lateral consonant [I]. In many utterances of [I/ the tone fell. Close to this
group are a number of utterances of I/ with a pattern of F, of /,\ or — which,
as in the resonant consonants, can be considered as versions of the pattern V.
There were also utterances of I/ in which independent changes on F, could
not be observed. A fall in F, over transient segments was also observed in
some cases, as for instance in Fig. 2d where a drop at the boundary »/l in con-
junetion with the subsequent drop of the pitch before stopping results in the
/\ pattern.

Vibrating consonant |r|. An analysis of the pattern of the fundamental
frequency in this sound encountered difficulties related to the fact that [r/
is very short and the analysis could thus not comprise more than 2 to 4 periods.
Out of 102 cases only 74 revealed any fall in F,. An example of the pattern
of F, for this consonant is presented in Fig. 2e.

Similar changes of F, were also observed in the majority of utterances
which were originally assigned to the pattern groups /,\ and —.

Sinee the variations were insignificant and occurred over a short segment,
it was not possible within consonantal boundaries to read from the scale the
magnitude of the fall or rise in ¥#,. The number of such cases totalled 18. In
the other cases the pattern of F, appeared to coincide with the general pat-
tern of the fundamental frequency.
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4. Statistical analysis of the F, variations in voiced consonants

In addition to the qualitative analysis of the presented material quan-
tative investigations were also carried out. For this purpose the differences
in piteh between the initial point and the central peak were measured for all
F, variations of the \/ pattern. The difference was expressed as a percentage
of the value of F, of the preceding vowel.

The data of the relative fall in tone were grouped into 2.59, intervals.
An example of the histogram of the percentage fall in tone for the stop conso-
nants determined for all the voices is presented in Fig. 3, while the arithmetic
averages and standard deviations of all the empirical distributions are given
in Table 2.
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Fig. 3. Histogram of relative falls of F, in stop consonants. All voices included

From the data in Table 2 it can be seen that the mean relative fall of F,
is the largest in stop consonants, smaller in fricative consonants and the smal-
lest in nasal consonants. The lateral consonant (I and the vibrating conso-
nant [r/ occupy an intermediate place between the stop and fricative con-
sonants. In all likelihood the type of the articulation barrier plays the most
important role for these cases.

In the group of stop and fricative consonants this regularity is confirmed
in the data for the male and female voices considered separately. In both cases
the mean relative fall in the stop consonants is higher than in the fricative
ones. If the sounds /d/ and [v/ are to be considered as representatives for the
stop and fricative groups (the numerical data were most numerous for these
two consonants) one sees that for each individual voice the same sequence
for the mean relative fall of F, is maintained.
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In the series of histograms of the percentage fall of F,, it can be clearly
seen that all the empirical distributions have a marked asymmetry. The hypo-
thesis is set forth, that the magnitude of the relative fall of F, in voiced con-
sonants has a lognormal distribution. By treating the data obtained from
the examined material as random samples from the population of all possible
cases of a fall of pitech in voiced consonants, this hypothesis has been ve-
rified statistically.

For a preliminary verification of the validity of this hypothesis, and for the
estimation of the parameters of theoretical distributions, the graphical method
described, for example, in [1], § 4.5 was used. For this purpose the empirical
distributions were marked on the lognormal paper. It was found that the dis-
tribution funections could be approximated by straight lines. This feature sup-
ported the hypothesis of a distribution for the fall in F, in voiced consonants.
Fig. 4 shows the graphs plotted for the 3 fundamental groups of consonant
and for [r/.

In addition to its simplicity and demonstrativeness the graphical method
has another advantage since it enables to estimate directly the parameters of the
theoretical distributions. Table 3 contains the estimates obtained for the para-
meters x4 and d, as well as for the expected values a, and standard deviations
f of the theoretical distributions?).
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Fig. 4. Values of the relative falls of F; in voiced consonants on a lin-log scale

2 It is known that the probability density function of a random variable with a log-
normal digtribution A(p, o?) is deseribed by the formula

1 1
fl@) = ——= exp| — — (naz—pu)? ).
woV2n 202
The expected value of the random variable a = exp (u +302), while the variance 2 =
exp (2u+ o2)(expa? —1).
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Table 3. Estimations of the parameters of the theoretical distributions of relative falls of F°

Consonant or | *
Voices group of conso- i o a B
nants

all [b] 1.99 0.501 8.33 4.42
all |d] 1.94 0.672 8.17 5.14
all g/ 1.99 0.447 8.09 3.81
male /b, d, g, %/ 2.04 0.503 8.76 4.65
female /b, d, g, ¥/ 1.80 0.636 7.39 5.18
all /b, d, g, 7/ 1.96 0.523 8.17 4.53
all v/ 1.61 0.650 6.17 4.46
all 2] 1.93 0.588 8.17 5.32
male [v, 2, 5] 1.76 0.649 7.17 5.19
female v, 2, 3, ¥/ 1.44 0.685 5.31 4.14
all v, 2, 5, | 1.59 0.665 6.11 4.56
all |m, m, 9/ 1.25 0.775 *4.71 4.28
all Ir] 1.66 0.737 6.89 5.84

It is worth noting that the estimated theoretical parameters of the dis-
tributions of the relative fall of F, in voiced consonants exhibit the same re-
gularity as regards the mean magnitude of the fall for the groups of homoge-
nous consonants as it was mentioned above., i. e., the expected value of the
distribution is highest for the stop consonants (8.179%), smaller for the fri-
cative consonants (6.119%) and smallest for the nasal consonants (4.719%).
From these estimates it can also be seen that the distributions of the relative

Table 4. Values of the Kolmogorov test statistics for verification of the hypothesis of
the lognormal distribution of the relative falls of F,

Mataon Test Sa.l.nple Empirical va.l.ua_ of Critical value of. }Iiolmogo-
size the test statistics rov test statistics *
all b/ 44 D,, = 0.0835 D,, (0.05) = 0.2006
all |/ 152 i = 0.986 Ao,0s = 1.358
all - lg] 39 Dyy = 0.0997 Dy, (0.05) = 0.2127
male b, d, g, %] 149 A = 0.7483 0,08 = 1.358
female [b, d, g, %] 99 Dy, = 0.376 Dy (0.05) = 0.1347
all b, d, g, %/ 248 A = 0.6913 29,05 = 1.358
all Jv) 222 A =1.229 %05 = 1.368
all 2] 30 Dy, = 0.0515 Dy, (0.05) = 0.2417
male v, 2, 5/ 146 i =40.611 Ag.0s = 1.358
female v, 2, 3, ] 117 A = 0.784 Ao.0s = 1.358
all v, 2, 5, ¥/ 263 A = 1.0801 Ao 05 = 1.358
all Im, m, 27 D,, = 0.0219 Dy, (0.05) = 0.2544
all [r] T4 D,, = 0.0387 Dy, (0.05) = 0.1554

* From [20] (Tables 47 and 48)
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fall of the piteh in stop and fricative eonsonants differ considerably in terms
of this parameter for male and for female voices (in stop consonants the
respective values of a are 8.76 9% and 7.39 % while in fricative consonants 7.179,
and 5.13 %, respectively).

After graphical estimation of the parameters of the individual distribu-
tions the hypothesis that the observed values of the fall of F, originate from
the lognormal populations with the same parameters, was verified by means of
the Kolmogorov test.

The wverification was performed at the significance level p = 0.05.
The results of the verification procedure are presented in Table 4. In all cases
the empirical values of the proper statistics (Dn for small n and A for n > 100)
are smaller than the critical value, and thus the Kolmogorov test provides
no basis for rejecting the assumed hypothesis in all cases under investigation,
at b 9%,-significance level.

5. Conclusions

Stop and fricative voiced consonants in the majority of cases exhibit
local falls of the fundamental frequency. The patterns of F, in the other utte-
rances (that is those which are not of the \/ pattern) can be frequently regar-
ded as variants of this pattern, resulting from the influence of many faetors.
The analysis has shown (although it did not raise any doubts previously)
that the form and magnitude of the fall of pitch in a consonant are affected
by such factors as the accent on the syllable with a given consonant, the ac-
cent of the neighbouring syllables, the character of the melody over segments
longer than a syllable (e. g. in a word). Another important factor influencing
the pattern of the pitch in a consonant is the phonetic environment of a conso-
nant (in the form of the neighbouring sounds and pauses in the phonation).

In the investigated material one can find examples of the effects of all
the above factors. Amongst others it would be of interest to investigate the
consonantal combinations for which, according to our observations, a cumu-
lation of the falls of F, is possible, as this would result in a single joint fall
forming a considerable deviation from the level of F, determined by the vo-
wels. It would be also worth -while to investigate the relation between the
nature of the variations of F, in consonants and the accent. It appears that
an accent on the preceding vowel favours an increase of F, in the following
consonant (it might well be the result of the remanent tension of the vocal
cords on the accented syllable).

Generally one can talk of suprasegmental factors (accent, general melody
contour) and segmental factors (phonetic environment of a consonant) influen-
cing the character of the pitch variations in individual consonants. In the
case of the latter factors a co-articulation in the field of the fundamental
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frequency can be observed, and this is evidenced by the fact that the fall of
F, related to the presence of a consonant frequently starts on a tonogram before
the moment at which the initial boundary of a consonant can be determined
from the oscilloscope trace. The subsequent rise of the pitch often extends
through the boundary between the consonant and the next vowel.

The mean fall of F, for stop consonants calculated from the data contai-
ned in this paper is 8.59% of the fundamental frequency of the preceding vo-
wel. For fricative consonants [v/, (2], /3], |y/, the corresponding value is 6.4 9%,
This does not agree with the data contained in previous papers, [18] and [9],
p- 176, according to which the fall of F, for fricative consonants is higher than
the fall of F, for stop consonants.

It seems reasonable to suggest that the difference of the mean values
of the fall in stop and fricative consonants is related to the character of the
articulatory barrier — a complete occlusion in the first group of consonants,
and a gap through which air coming out of the lungs is partly exhaled in the
second group.

From the viewpoint of the variation of F, occurring in the voiced conso-
nant [y| the latter occupies an intermediate position between the fricative
and nasal consonants, since in the majority of utterances, the pattern of the
piteh changes in the consonant [y coincided with the general contour of F,.

A fall of F, occurs in the vast majority of utterances of the vibratory
consonant [r/ (with a mean value of 6.7 %), and places this consonant, in terms
of the nature of the variations, in one group with stop and fricative consonants.
Local falls of the fundamental frequency in the lateral consonant [I/ also occur-
red frequently, the mean fall in the investigated sample being 6.96 9,. Some-
times the frequency pattern of the pitch in the two last sounds agrees (more
frequently for [l than for /r/) with the general contour of F,.

For the nasal consonants [m, n, 9/ the pattern of ¥, in the consonants
themselves is most typically superposed on the pattern of the tone over longer
segments, in agreement with other reports on this subject. However, a fall
of F, also occurs, the relative mean value of the fall being 4.65 9%, for the in-
vestigated material. A number of utterances of the nasal consonants include
an insignificant boundary fall of ¥, (on the vowel/consonant and, more ra-
rely, consonant/vowel boundaries).

Without additional investigation it is diffieult to formulate a hypothesis
about the origin of these boundary falls of F,. They may, for example, be
related to the articulation of the nasal consonants or to the nasalization of
particular segments3. However, it is known that in the perception of synthetic
sounds the boundaries between vowels and liquid consonants are the worst
to be recognized [2], thus it may well be the case that the falls of ¥, observed

3 §. Smith in his list of the distinetive features of “opened nasality” points to the ab-
sence of essential variations of fundamental frequency ([4], p. 146).
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at boundaries of the nasal consonants, even though insignificant, are essential
for perception.

The frequency of the occurrence of local falls of ¥ in the analyzed con-
sonants and the relative magnitudes of these falls, decrease in the order in
which particular groups of consonants have been mentioned here, namely:
stop — fricative — nasal. It would appear that the conclusion may be drawn
that the smaller the constriction (the degree of occlusion) of a consonant, the
smaller is the mean value of the fall of F, in the consonant. The conclusions
drawn for [r/ and [I/ need further confirmation because of the small statistics
of the results.

It seems that the use of information on the behaviour of F, at the tran-
sitions between particular sounds would have a beneficial effect on the quality
of synthetic speech.

The statistically verified hypothesis of a lognormal distribution for the
magnitude of the relative fall in ¥, for consonants, throws some light on the
mechanism of these falls, since it may give evidence of the function of the vo-
cal chords being subject to a law of proportionality in the cases under discus-
sion. It would appear that use can be made of the estimated parameters of
the theoretical distributions in speech synthesis when one is anxious to ob-
tain speech with a highly natural sound. In this case one should define the
fall of 77, at the end of a consonant by means of a random numbers generator,
modulating the lognormal distribution with parameters that correspond to
a particular group of consonants (stop, fricative or liquid).
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