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Acoustic analysis of vowel sounds including extensive
variation of fundamental frequency

Daniel Friedrichs', Volker Dellwo', Heidy Suter?, Dieter Maurer*
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{heidy.suter|dieter.maurer}@zhdk.ch

Formant frequency analysis represents the actual standard for determining speech-
specific acoustic characteristics of vowel sounds. Given sounds, which are produced in
isolation or extracted from speech context (exclusion of transitions) and which display
quasi-constant spectral characteristics, according to source-filter theory, vowel quality
relates to vowel-specific formant patterns.

With regard to vowel sounds of single speakers, in general, existing formant
statistics document formant patterns for the level of fundamental frequency (FO) of
normal speech, and formant patterns (F1, F2, ..., Fi) on different levels of FO of the
sounds only relate to the comparison of different speaker groups (children, women, men).
Such approach bases on the assumption, that FO is a characteristic of the phonation (i.e.
the source) and, on the contrary, the formant pattern a result from articulation (i.e., the
filter). Hence, with regard to normal speech, no substantial relationship between FO and
formant patterns is expected for vowel sounds of single speakers.

Besides, acoustic characteristics of vowel sounds of single speakers including
substantial variation of fundamental frequency have been investigated in the context of
singing and acting. In addition, studies on shouting/crying and on vowel synthesis report
results of acoustic analysis of sounds including a variation of FO.

However, we take the view that the variation of FO exceeding one octave does not
only concern artistic, interpretive and entertaining utterances, or very specific utterances
such as shouting/crying, but also utterances of single speakers in everyday life as a
characteristic of normal speech. If strong emotional expressions and shouting/crying are
included, this holds true for a variation of up to two octaves or more. With regard to the
intelligibility of sounds on higher FO, indications are given in the literature that vowel
qualities can be recognized up to a fundamental frequency of 500 Hz or even above, and
that formant patterns of sounds of one vowel quality can be FO-dependent. However,
these indications must be qualified because of the methodological problems inherent in
the acoustic analysis of vowel sounds on higher FO. On this background, the present
contribution (1) describes methodological aspects of acoustic analysis of vowel sounds
including substantial variation of FO and (2) illustrates different approaches on the basis
of vocalizations of a child, a woman and a man.
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