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Abstract:
We study direct and inverse problems in certain models of the
human vocal tract in this project. The direct (forward) problem
describes a model that gives the pressure at the lips assuming
the shape of the vocal tract is known. This problem is
formulated in terms of the Schrödinger equation.
Next, we study the inverse problem which describes how to
determine the shape of the vocal tract when the pressure at the
lips is known at all frequencies. The second problem is
formulated in terms of the Gel’fand–Levitan integral equation.
We present numerical solutions for both the direct and the
inverse problems .

Objective:
• The aim in the first step is to compute the absolute pressure at
the lips assuming the shape of the vocal tract is known for
certain vowels.

Conclusion:

Methods:

• The solution of direct problem gave the pressure
function at the lips when the shape of the vocal
tract is known.

Direct Problem:
[r(x)2P’(k,x)+’ + k2r(x)2P(k,x) = 0
where
P’(k,0) = -ic μk/ πr(0) 2 and P’(k,L)=-*ik+r’(L)/r(L)+ P(k,L)

The discrete data is
interpolated to find
the corresponding
radius function r(x)
for each vowel.

Here r(x) is the radius function, k is the angular
wavenumber and P(k,x) is the pressure function.

The shape of the
vocal tract is assumed
to be divided into
segments for the
model.

• In the inverse problem, pressure values measured
at the lips for each vowel is used and the vocal tract
area function is succesfully generated that
determines the shape of the vocal tract for the
speaker.

Discussion:

The model is solved
numerically using
the double RungeKutta method
yielding the pressure
function.

The vocal tract data
for all vowels are
taken from the
Haskins Lab.

Inverse Problem: h(x,y) + G(x,y) + ∫ dz G(y,z) h(x,z) = 0
where 0 ≤ y ≤ x
x

0

• Vocal tract is unique for each individual just like
fingerprints or irises. Therefore the vocal tract
model of a person may be used to identify the
speaker.

The solution h(x,y) of the Gel’fand–Levitan equation is
used to determine vocal tract area function.

• Speaker recognition via vocal tract modeling can
be used for any applications that requires digital
security, such as banking and e-commerce
applications.
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Direct Problem

The absolute pressure is measured and recorded
as the sound is produced by the speaker.

The pressure function is interpolated and used to determine the
area of the vocal tract as a function of the distance from glottis.

Results:
•In the inverse problem, the purpose is to model the vocal tract
area function assuming the absolute pressure at the lips is
known at all frequencies.

Numerical solution of the direct problem gives the
absolute pressure per frequency at any cross sectional
segment of the vocal tract. In particular, the pressure
at r(0) is the absolute pressure at tle lips.
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