ABSTRACT

Synthesized female voices are scarce and lack
but they are growing in demand.
Acoustic and sociophonetic criteria are supplied
for the improvement of female voices, and a
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research, the female voice has been
either excluded or minimalized.

Secondly, female voices have been rejected
acoustically (and hence, disregarded in
phonetic theory) owing to inadequacies in
analytic hardware. That should be obvious

ranking of importance suggested. to anyone  who has wrestled with
interpreting spectrograms of female
voices. Until recently, the sound
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Recent research pertaining to female voice
quality is reported and a ranking of these
various factors proposed.

speech technology research,
commercial packages (e.g.
Calltext) are
successful male voices, distinctly fewer
female synthetic voices are
The widespread appearance of
female speech is slow. Why is

spectrograph has been the most frequently-
used tool in acoustic speech analysis, and
other instruments (such as narrow-band
spectrum analyzers) are still imperfect in
analyzing females' speech. Criticisms of
the. problematicity of formant £frequency
determination for female speakers, using
spectrography, are made by Ladefoged [25]
and Ladefoged and Bladon [26]).

The apparent source of the 'problem' of
female speech appears in an article by
Johansson et al. [21): *"Comparatively
little is known about the characteristics
producing of the female voice as compared with the
male voice. The background is the high
fundamental frequency range of the female
voice which makes formant  frequency
estimates uncertain, and hence,
information on the voice source unsafe."”
The logic may be chopped, and the
association of formants with the voige
source misleading, but the message 15
clear: the female voice is puzzling
because it 1is not the same as a male's.
This issue has also caught the attention
of Klatt [23]. Reviewing the efficacy of
spectrograms from which to draw acoustic
conclusions, he states, "As far as speech
...research 1is concerned, it is not
inconceivable that the sound spectrograph

years ago [9]. It |is
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utterance produced by a man, woman and
child: "The woman and child speak with 2
much higher fundamental frequency, have &
more breathy voice quality, and also have
shorter vocal tracts, implying higher

formant frequencies..."., These traits are
stuggre(ZTiiisinzgggoraizgakgié discussed further, below; meanwhile Klatt
males. Studies of females asserts that (p.83), "...it seems to D€

generally believed that the speech
patterns of men and women could be made tO
look more similar if minor modifications
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vere made to the sound spectrograph...Yet,
here we are, nearly forty years later, and
the sound spectrograph machine essentially

has not changed." Such a situation surely
reflects androcentric reality in the
obscuration of females' wvolices. Here,

though, the plea is not even for the
spectrographic commensurability of male
and female voices, but simply for the
measurability (and hence reproducability)
of female voices.

The implication from many such comments
about female speech is that there is
something intrinsically more difficult
analytically, or Jjust deviant, about
female voices. The assumption is
incorrect, but too few authors have
thought to blame the design of the
technology rather than females for
producing analytical problems. Female
voices only appear more ‘'difficult’
because of the limitations of some present
instrumentation. They are not more
'difficult' to the human ear: females are
not any less intelligible than males, and
ray even be more so, although evidence
seems somewhat variable (6], {12], (23],
and [14: 312 £f.).

It is possible to infer then that a great
deal more could be known about female
voices, if the technology were improved
for processing speakers with higher
fundamental  frequencies, namely  the
‘unquantifiable’ females. Unfortunately
(but entirely in keeping with the
distribution of women in scientific
positions generally), few phoneticians and
tven fewer technologists are female. So
there is 1little grassroot motivation for
Improving temales' analyzable lot.

VHAT Now?

Notwithstanding such a negative
background, demand is increasing for
Synthetic female speech. Naval pilots,
for exampie, apparently react best to the
Yolce of a young woman when warning them
°f upcoming obstacles or potential
Problems in the cockpit [8] It is clear
that female voices are going to be needed
more, for 'smoothing' and other messages.
S0 what do we know about female voices to
ontribute  to their better synthesis?
Sociophonetic  evidence of  the kind
de&xibed in {143, [15] and (161 indicates
8 broag range of acoubtic, perceptual and
Social factors as being influential in the
inthesis of female volices. We will now
;1efly outline some of those categories.
tarting with the generation of an
3Ppropriate glottal waveform, we then
ddress  formant frequency values for
?WEIs, possible sex-specific factors 12
oMsonant production, and lastly, bu1
g?haps most importantly, suprasegmegti
asnsidetations and types of voice quallty
Soclated with female speech.
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Glottal source  characteristics.
Naively it might be thought that to
synthesize a convincing female voice
pitch, it would be sufficient to simply
double that of a male, increasing from,
say 120Hz. to 240Hz. Several studies have
shown, however, that there are marked
differences in the glottal gestures of
females and males (24]), '(31]. The latter
show the glottal sound source of a normal
adult.can vary within a wide range, in
respect to FO and rms intensity, the
appearance and shape of the waveform, and
the phase and intensity spectra. Most
important for the argument here, is the
fact that all these variants can be
influenced by the variables speaker sex,
voice register and linguistic context. 1In
addition, the female glottal waveform
tends to have a less steep closing phase
and a more rounded 'shoulder' at the end
of that phase, and consequently, a higher
ratio of open-to-close time which could
result in more glottal leakage or weaker
excitation of higher harmonics.
Generating an appropriately varying
female glottal waveform is thus vital for
natural -sounding synthesis.

Male/female
differences in .formant freguencies of
vowels have been reported widely elsewhere
[4],(14]. Details do not bear reiteration
here. Cross-linguistic £findings from
seven languages/dialects [14) may. be
summarized: while a male-female auditory
normalization of approximately one Bark
appears appropriate for F1 and F2, there
are also indications that different speech
communities need different amounts of
normalization. That is to say, in some
communities females and males appear to
speak more like/unlike each other than

their vocal anatomies would predict. A
socially-conditioned element in speech
production is thus posited. Hence the

sically-based input to the
:2222t gfggg¥ as co%pared to the socially-
learned component must be weighed
carefully when synthesizing speech.
In addition, the spectral tilt of female
and male vowels might yield further
evidence of sex-differentiation. we might
predict that the angle of tilt of the
spectrum, as it increases in frequency,
would be somewhat steeper for femalesttggn
for males. Indications are [gl] thgctav:
decrease is approxxmgtily Iégg gir octave

s u -

igweTz%e ¥§:§i-;ex differences of formans
pandwidth may also :gg::r’th:;tﬁalgzm?iiﬁ.
?:nd:;dtﬁzt beiggwn yet whether this

le.
difference is perceptib . Whereas

- mportant sex-specific
vowelsthzxgéié:nceifgr specifically female
Conse nts is less convincing. Generally,
cons o ts have been explored less
iggigzggly: where male-female differences
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