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Abstract 
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The voice source for different voice qualities has been investigated. The glottal 
signal has been attained using inverse filtering of the speech signal. Two different 
methods for modelling the results are demonstrated. An acoustic model, the LF 
voice source model, h s  been fitted to the inverse filtered waveform and the LF 
parameters have been used to describe the voice pulse. The parameters of a vocal 
cord model, the Liljencrants model, has been manipulated to produce glottal 
pulses similar to the natural pulses. The parameter settings are discussed. 

Introduction 
The voice source for different voice qualities 
has been analysed by inverse filtering and by 
comparisons with a glottal model. Two speak- 
ers, one female and one male, produced the 
analysed utterances. The voice qualities varied 
in loudness, fundamental frequency and tense- 
ness. The most extreme quality, creaky voice, 
was only produced by the male speaker. The LF 
voice source parameters were used to get a 
parametric description of the data. The inverse 
filtered data for the male speaker have been 
model using Liljencrants' glottal model 
(Liljencrants 1996, Karlsson and Liljencrants 

Speech material 
Recordings of a male French speaker and a 
female English speaker, the reference speakers 
for the Speech Maps project (Abry, Badin and 
Scully 1994), uttering the syllable / pe l  have 
been used. The material was pronounced with 
large voice quality variations: breathy, pressed, 
creaky, loud, soft voice and low and high FO. 
The female speaker was recorded by C Shadle at 
DECS in Southampton. The speech signal was 
recorded under Hi-Fi conditions. The material 
was sampled at 16 kHz. The recordings of the 
male speaker was done at ICP in Grenoble 
under similar conditions and was digitised at 12 
kHz at one session, l6kHz at another. 

Inverse filtering 
The material was inverse filtered to obtain the 
glottal source waveform. Automatically meas- 
ured formant frequencies were fine tuned by 
hand, using both time and frequency represen- 
tations of the filtered and the original signal, 
and zeros and poles were identified and added. 
For the male speaker, six formants were can- 

celled up to 6 kHz for the material sampled at 
12 kHz and eight formants up to 8 kHz for the 
material sampled at 16 kHz. For the female 
speaker, seven formants were cancelled up to 8 
kHz. A maximum of two zeros and poles were 
identified. The analysis was made for one 
glottal pulse at a time. For each pulse, the LF 
parameters (Fant, Liljencrants and Lin 1985) 
were decided by fitting the LF model to the 
inverse filtered source representation both in the 
time and the frequency domain. The analysis 
programmes were written by J Liljencrants. 

The speech material has not been perceptually 
judged. We are therefore unable to quantify the 
speakers' accuracy in producing the intended 
voice qualities. From the results it is obvious 
that in some cases the two speakers disagree on 
how a particular voice quality should be pro- 
duced. This is particularly apparent for the voice 
qualities pressed and high FO. 

The results from the inverse filtering are 
shown in Table 1. Only a few points will be 
discussed. 

Formants and bandwidths 
There are no significant differences in formant 
values between the different voice qualities. 
Overall, the bandwidths for the female speaker 
are somewhat higher. Both speakers show 
higher bandwidths for breathy voice, and the 
female speaker also for low level. In both these 
qualities a glottal leak can be suspected. 

Fundamental frequency 
The FO span for the two speakers are fairly 
similar, with one notable exception: the high FO 
for the male speaker is more than one octave 
higher than his normal voice, while for the 
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Description of creaky voice 
In creaky voice consecutive glottal pulses are 
usually different from each other (see Fig. 2). 
The values for the glottal parameters vary sub- 
stantially, and a good fit of the LF model is 
almost impossible. The pulses seem to vary 
fairly consistently, though, in that every second 
pulse looks similar but not exactly the same. 

Comparison with other qualities 
There were no differences in formant frequen- 
cies and bandwidths between creaky voice and 
the other qualities. Two pole-zero pairs were 
identified in the normal voice quality. One of 
those was found also in the low FO voice but no 
zeros were visible in the spectra for the creaky 
voice. As the glottal pulses in the creaky quality 
deviated considerably from the LF model, it is 
hard to compare glottal parameter values. The 
EE parameter is easily identified, though. For 
the creaky voice, EE varies about 10 dB 
between pulses and the stronger pulses are 
about 6 dB weaker than for the normal and low 
FO voices. FA has similar values for the three 
qualities. 

points of excitation 

Figure 2. Voice pulses for creaky voice. The 
upper curve depicts the inverse filtered speech 
signal, the lower the glottal air flow, retrieved 
by integrating the inverse filtered speech. As 
can be seen from the upper curve, the excita- 
tions are very different in amplitude 

Modelling 
The different voice qualities produced by the 
male speaker have been modelled using Liljen- 
crants' vocal cord model (Liljencrants 1996, 
Karlsson et al. 1994). Different model para- 
meters were varied to get good fits between the 
glottal flow retrieved by inverse filtering of the 
natural waveform and the glottal flow produced 
by the model, both in the time and the frequency 
domain. Care was taken that the parameter 
variations were physiologically feasible and in 
accordance with known facts of the different 
voice qualities. 

Glottal waveforms for the different voice 
qualities produced by our male speaker and the 
model are shown together in Figure 3. 

Model parameters 
Only parameters that were found to be crucial 
for changing the voice quality will be discussed 
here. 

The model parameters can be divided into 
different groups depending on origin. Some 
parameters pertain to the sub- and supra-glottal 
cavities: the area of the trachea, the lowest 
tracheal resonance, the first formant of the oral 
cavity, the damping factor in the trachea, the 
damp factor of the oral cavity and the subglottal 
pressure. There are also parameters describing 
the properties and the state of the vocal folds: 
vocal fold length, the gyration radius, the 
damping of the movements during the time the 
glottis is open, the damping when the folds 
close, the longitudinal tension in the vocal folds, 
the quotient between the adduction force and 
the subglottal pressure, the rotary to transla- 
tional resonance frequency ratio, the width of 
the remaining glottal opening in the closed part, 
the maximal width of the remaining abduction 
angular gap, and the angle of the deviation 
between the upper and lower parts of the vocal 
folds when the lower parts close. 

Parameter settings and discussion 
The vocal fold length is constant except for 
creaky voice where they are longer. 

The gyration radius, that is the tendency for 
the vocal folds to rotate, does not need to be 
altered to vary FO or level. It is an important 
factor though for producing the more extreme 
qualities. For breathy voice it was increased, 
resulting in a lessened rotation tendency. For the 
pressed and the creaky qualities it was 
decreased. 

The damping during the open part was 
increased for the varying FO and the pressed 
quality, decreased for the creaky voice. The 
damping at closure was largest for the creaky 
voice and also large for the low level voice. This 
indicates that a large part of the energy is lost in 
the collision. For the more stiff vocal folds in 
pressed and breathy voice, more energy is 
carried over into the next period. 

The pressure parameter is primarily used to 
regulate loudness. It was also necessary to raise 
it for the high FO and the pressed qualities. Both 
these qualities were relatively loud in the natu- 
ral samples (see Table 1). The modelled high FO 
has come out a bit stronger than the natural (see 
Figure 3), but the pressure is still very high 
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compared to, for example, the high level sample. 
Note also the low pressure in the creaky voice. 

The vocal fold tension is used primarily to 
regulate the fundamental frequency, the high FO 
value is considerably higher than the rest of the 
values. It is noteworthy that the tension 
parameter is low for both the pressed and the 
creaky voice. The quotient between the adduc- 
tion force and the subglottal pressure is equal 
to 1 when the folds are neither pulled apart nor 
pressed together. A value larger than 1 means 
that the folds are pulled apart. This parameter is 
especially important for the production of a 
pressed voice, where the folds are pressed 
together, and creaky voice, where they are 
pulled apart. For the creaky voice this is coun- 
teracted by the negative value for the residual 

natural wave form model wave form 

normal 

low FO 

medium FO 

high FO 

low leva 

medium level 

high level 

pressed 

creaky 

Figure 3. Glottal wave forms for different voice 
qualities. The inverse filtered natural speech is 
shown on the left, the wave form produced by 
the glottal model on the right. 

gap parameter. Otherwise, non-complete closure 
is needed to model the high FO voice and 
breathy quality where a triangular constant 
opening is specified. 

The frequencies and q-values of the lowest 
resonance above (that is F1) and below the 
glottis are crucial for achieving a good match 
in the open part of the glottal pulse. The relation 
between the resonances also determines the 
position of the zero pole pair in the glottal wave 
form spectrum. For our male speaker this zero is 
found at about 900 Hz and the pole at about 
1600 Hz. 

The modelled glottal wave forms have been 
used to produce synthetic vowel samples that 
have been compared to the intended natural 
voice qualities. In a very informal listening test, 
the results were judged to be very good in 
nearly all cases. 
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