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ABSTRACT

A lossless acoustic tube model and linear predictive analyses
are reviewed, which represent the conventional model and analysis
procedure for vocal tract shape recovery fram the speech waveform.
The effects of a non-white excitation on acoustic tube shapes re-
covered by linear prediction are investigated, and result in the
definition of special acoustic tube shapes which can be recovered
for non-white excitations of certain durations.

Conventional pre-emphasis techniques for removing glottal
pulse excitation effects from the acoustic tube shape recovered
by linear prediction are evaluated and, in general, are shown to
perform poorly. A new adaptive pre-emphasis filter is defined,
and shown to produce improved acoustic tube/vocal tract shape re-
covery in camparison with conventional pre-emphases for both syn-
thetic and real speech waveforms of five vowel sounds.

A lossy termination of the acoustic tube model is investigated,
and two new analysis procedures are presented, one based on auto-
correlation functions, and another based on a transfer function of
the acoustic tube model. The lossy termination analysis based on
autocorrelations is shown to be applicable to real time applica-
tions of speech analysis, and both analyses produce an improvement
in acoustic tube/vocal tract shape recovery in comparison with
conventional analyses, when a lossy termination is present.

The new adaptive pre-emphasis filter and the lossy termination
analysis based on autocorrelations are cambined into a single
speech analysis procedure. This new speech analysis procedure
is evaluated with synthetic and real speech for five vowel sounds,
and is shown to produce improved acoustic tube/vocal tract shape
recovery in camparison with existing techniques.
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SUMMARY

Acoustic tube models are widely used as models of the human
vocal tract, and permit the acoustic waveforms in the vocal tract
to be specified fram the geometry and properties of the vocal tract.
However, the inverse problem of determining the geometry or proper-
ties of a set of acoustic tubes, which model the vocal tract, is
complex, and not campletely resolved today. This thesis investi-
gates the inverse problem to improve the accuracy of recovering
acoustic tube geometries from the radiated acoustic waveform.

A lossless acoustic tube model and linear predictive analyses
are reviewed, and the relationship between the results of a linear
predictive analysis and the lossless acoustic tube model is defined.
The conditions that the acoustic tube model must satisfy for a pre-
dictive analysis of its output or radiated acoustic waveform to re-
cover its shape are presented. Of these conditions, many are not
satisfied in the human vocal tract or during the production of
speech; therefore, a linear prediction of a speech waveform does
not identify an acoustic tube model the shape of which is the same
as the vocal tract. An area distance measure is defined to provide
a quantitative measure of the similarity between an acoustic tube
shape recovered by an analysis of the output waveform from a set
of acoustic tubes and the shape of those acoustic tubes.

For linear prediction to recover the shape of a set of acous-
tic tubes, those acoustic tubes must be excited by a white excita-
tion. The effects of a non-white excitation of acoustic tubes on
the acoustic tube shape recovered by linear prediction are investi-
gated, and show that poor acoustic tube shape recovery occurs. A
class of acoustic tubes is determined which can be recovered after
a linear predictive analysis for non-white excitations of restrict-
ed duration. The necessary post analysis to recover the acoustic
tube shape is presented, and the areas of application are discuss-
ed.

A new adaptive pre-emphasis filter is presented, the form of
which is defined from measurements of the required pre-emphasis to
whiten a range of glottal pulse waveforms, which are representative
of the glottal pulse waveforms used to excite the vocal tract dur-
ing the production of voiced speech. Evaluation of the new pre-
emphasis filter with real and synthetic speech waveforms shows
that improved acoustic tube shape recovery is achieved in compari-
son with the acoustic tube shapes recovered by previously used pre-
emphasis techniques. The evaluations consider a wide range of
sampling frequencies, and show a consistent improvement in acoustic
tube shape recovery.

Conventional acoustic tube shape recovery by linear prediction
requires a lossless termination of the acoustic tubes, which is not
the case for the vocal tract. The effects on the acoustic tube
shape recovered by linear prediction for a lossy termination of
acoustic tubes are presented, and are shown to be significant. A



general model of the loss at the termination of acoustic tubes due
to radiation is reviewed, and simplified by the known conditions
which exist at the lips, i.e. the termination of the vocal tract.

A number of autocorrelation analysis procedures for a lossy
termination of acoustic tubes are defined, and evaluated with syn-
thetic and real speech waveforms. An analysis procedure is also
presented which is derived fram a transfer function of the acoustic
tube model and uses constraints, based on physical restrictions in
the vocal tract, to overcane an ambiguity problem. The auto-
correlation analyses are shown to be applicable to a wider range
of situations than the transfer function analysis, especially for
real time applications. These new analysis methods are shown to
produce improved acoustic tube/vocal tract shape recovery in com-
parison with conventional analyses, when a lossy termination is
present.

The new adaptive pre-emphasis filter and a lossy termination
analysis are combined into a single speech analysis procedure.
This new speech analysis procedure is evaluated with real and
synthetic speech waveforms of five vowel sounds, and is shown
to produce improved vocal tract/acoustic tube shape recovery
in comparison with existing analysis techniques.
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