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ABSTRACT

The present study examines the effects which final
consonants have upon the timing of the fundamental
frequency contour in words carrying the senteqce
accent in Swedish. Monosyllabic test words contain-
ing both phonologically long and short vowel seg-
ments are placed in initial and final utterance
positions. Results show that the timing of the FO-
events that signal the sentence accent is dependent
on whether the consonant following the vowel is
voiced or not, especially when the vowel is phong-
logically short. The fundamental frequency fall in
the case of a short vowel followed by an unvoiced
consonant has to occur earlier than in the other
cases in order to get the frequency fall within the
vowel segment, otherwise the prosodic information
will get Tost.

INTRODUCTION

The fundamental frequency contour of an utterance
is heavily influenced by the segmental composi-
tion. In investigations about the fundamental
frequency contour utterances built up of only
sonorants are often used [1] and thereby the in-
fluence of constrictions in the vocal tract is
avoided or at least diminished. It is assumed that
the fundamental frequency contour obtained in such
a way will reflect some basic pattern that is per-
turbed by the segmental composition in ordinary
utterances. Most studies of the fundamental fre-
quency contour are dealing with overal] patterns
i.e. in which syllables maxima and minima will
occur in the segmental flow (1] [2]. In models for
generating an accurate fundamental frequency con-
tour it is also necessary to take into account how
the Tlocation of the maxima and minima is affected
by the segmental composition. The exploration of
such effects in greater detail is hopefully of
great importance for the generation of synthetic
speech with a naturalness and intelligibility that
is acceptable in different types of communication
systems. A systematic mapping of the variations of
the Tlocations of the extremes owing to the seg-
mental setup can also be expected to provide some
insight into certain aspects of the menta]
processes underlying the temporal organization of
spoken language.

In the present investigation the fundamental fre.
guency contour associated with sentence accent is
studied in greater detail. The syllable structure
and word position are systematically varied and the
effects on the location of the extremes ar
examined.

Some fundamentals of Swedish prosody

The fundamental frequency contour of a monosy1labic
word carrying sentence accent will in phrase finl
position have a maximum point in the vowel followed
by a minimum point in the vowel or the following
consonants. For a more detailed description of th
fundamental frequency contour in different posi-
tions of Swedish utterances, see e.g. Bruce [1] and
Lyberg [3]. The fundamental frequency manifestatin
associated with the signalling of sentence accent
in Swedish seems to be very similar to the corre
sponding frequency manifestation in American Eng-
Tish according to e.g. Pierrehumbert [2]. Ther

- are, however, discrepancies in the interpretatin

of the underlying parameters, and in the ter
minology used by the two authors Bruce ani
Pierrehumbert.

Two degrees of quantity are distinctive in Sw
dish, the short/long distinction. There is alst
a complementary distribution of phonological
length ~ between  vowels and consonants it
stressed syllables, A Tong vowel is in stresse
syllables followed by a short consonant and:
short vowel by a long consonant [4].

EXPERIMENTAL DESIGN

Speech materijal

A set of utterances containing one and thre
lexical main stresses was constructed. The test
word was in the case of three-word sentences plac
In_both initial and final positions and the
sentences were Pronounced either with the tes
Word in focus or with a "neutral" stress patten
1€ With a conscious effort of the speaker b
avoid junctures and contrastive stresses.
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The test word was build up of both phonologically
short and Tong vowel segments in order to eluci-
date the interaction between the signalling of the
quantity distinction and the fundamental frequency
contour. In addition to that the surrounding con-
sonants were varied in a systematic way so that
both voiced and unvoiced consonants occurred in
postvocalic position. The test words were always
monosyllables and may be considered as nonsense
words. The seminonsense three-word utterances where
built up of both nonsense (test words) and seman-
tically non-anomalous words (always /sdg/ saw in
English).

The inventory and syntactic structure of the test
sentences are presented in Table I. The sentences
were read in ten randomly ordered sequences by
a trained phonetician.

TABLE |
Sentences Syntactic structure
Dad T
Dadd
Dat TP
Datt N
S
Dad dad N
Dadd 3 dadd NP AN
a sag | yd N
Dat dat NIRY; NP
Datt datt l
N

+ A phonologically short vowel is in the orthography followed by
two consonants.

Measurements

The duration of the vowel segment in the test words
was measured. The duration of the vowel segment is
defined as the interval between the release of the
consonant preceding the vowel (always /d/; a rapid
increase of intensity) and the occlusion of the
following consonant (always /d/ or /t/; a rapid
decrease of intensity).

The fundamental frequency was measured in nine
equally spaced points of the vowel segment in the
test words, at the beginning, at the end, and at
seven points within the vowel segment.,

OBSERVATIONS

The fundamental frequency contour is in figs. 1 and
2 shown for the final position of the three-word
utterances. The diagram in fig.1 shows the funda-

mental frequency contour when the utterance is
pronounced with a "neutral” intonation pattern and
the diagram in fig.2 the frequency contour when
focus is assigned to the final position of the
utterance. Every point in the diagrams represents
a mean value of ten recordings ot the same
utterance. The maximum point and the following
minimum point of the fundamental frequency contour
will occur within the vowel segment no matter
whether the following consonant is voiced or not
and whether the vowel in question is phonologically
Tong or not. The fundamental frequency contour
after the minimum point is, in the case of a phono-
Togically long vowel followed by an unvoiced con-
sonant or a short vowel followed by a voiced con-
sonant, more or less truncated in comparison to the
frequency curve in the case of a Tlong vowel
followed by a voiced consonant. When a short vowel
is followed by an unvoiced consonant the funda-
mental frequency fall will occur about 20 to 30
msec. earlier in the vowel segment in comparison to
the other cases.
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Fig. 1 The fundamental frequency contour of the vowel for
different test words in final position of three-word
utterances. The utterance is pronounced with a
“neutral” intonation pattern.
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Fig. 2 The fundamental frequency contour of the vowel for
different test words in final position of three-word
utterances. Focus is &ssigned to the final position.
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In the diagram in fig.3 the fundamental frequency
contour is shown for the one-word utterances. The
diagram shows that mainly the same t1m1ng»d1ffe-
rence of the fundamental frequency fall is apparent
in these utterances. When a short vowel is fol]oyed
by an unvoiced consonant the frequency fall will
happen earlier in comparison to the other cases. A
comparison between the fundamental frequency fa11
of a final test word carrying sentence accent in a
three word utterance and a comparative test word in
a one-word utterance shows that the fundamen§a1
frequency fall in the -one-word utterance will
happen later than in the three-word utterance.
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Fig. 3 The fundamental frequency contour of the vowel for
. different test words in one-word utterances

Wwhen focus is assigned to the initial word position
the acoustic manifestation of the sentence intona-
tion is in the studied utterances a maximum point
of the fundamental frequency contour in the vowel
segment of the test word followed by a minimum
point, but in this case the minimum point seems to
be Tlocated outside the vowel segment (fig.4). Most
of the frequency fall is, however, still within the
vowel segment. Some limited data from another
speaker show a somewhat another strategy. For that
speaker the fundamental frequency fall is more.or
less outside the vowel segment. The timing diffe-
rence of the fundamental frequency fall for the
different test words in this position is never-
theless the same as in the other word positions.

The duration of the vowel segment in the different
test words is in fig.5. shown for different focus
assignments of the three word utterances. The dia-
gram shows that final lengthening is to a great
extent dependent on the Tlocation of the focus
position. When focus 1is assigned to the initial
utterance position the duration of the vowel in the
final test word is shortened. The speaker seems to
have a prolongation of the vowel segment in the
initial word position when it is in focus position
that is more or less of the same magnitude as the
lengthening process in utterance final position.
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Fig.4 The fundamentel frequency contour of the vowel for
different test words in initial position of three-word
utterances. Focus is assogned to the initial position,
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Fig. 5 The duration of the vowel segment in msec. is
shown for different combinations of focus and
utterance positions.

DISCUSSION

The main observation on the timing of the fre-
quency fall connected with the signalling of
sentence accent 1is that the frequency fall will
occur earlier in a phonologically short vowel
followed by an unvoiced consonant in relation to
the CV-boundary than in the other cases. The dura-
tion. of the vowel is in this case extremely short
and the unvoiced consonant cannot convey any in-
formation about the fundamental frequency fall.
When focus is assigned to the utterance final
position and the final word consists of a mono-
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syllable, the frequency fall has to occur within
the vowel or within the vowel and the following
consonants.  When the following consonants are
mvoiced, it seems to be necessary to move the
frequency fall to an earlier point in relation to
the CV-boundary in order not to Tose.the prosodic
information.

it is in non-final position possible to partly
locate the fundamental frequency fall to following
syllables and words. The speaker in this study
locates most of the frequency fall in the vowel but
a limited study of another speaker seems to support
the idea that it is a possible strategy for some
speakers to locate the minimum point of the fre-
quency fall in a following syllable. This is some-
times the case when a monosyllabic word is built up
of unvoiced consonants after the vowel. The proso-
dic information is then signalled by the change of
fundamental  frequency level in the successive
syllables. Similar data can be observed in American
English [5]. :

CONCLUDING REMARKS

It seems possibie to assume that an underlying in-
tonation scheme. is similar for sentences with the
same prosodic pattern but built up of different
segnents and words. The timing pertubations obser-
ved seem to be possible to handle by means of
adjustment rules on a more peripheral Tevel. A
complete intonation model of a language must at
least include the following parts.

- An underlying intonation scheme.

- Timing perturbatibns owing to the syllable
composition.

- Frequency perturbafions owing to physiological
factors such as e.g. inherent pitch.

The importance of accounting for the different
types of perturbations of the fundamental frequency
contour in the generation of synthetic speech to
optﬁn a higher degree of naturalness and intelli-
gibility must be determined by perceptual tests.
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