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We study a quadratic eigenvalue problem related to the modeling of human speech production:
Find (λ, u) ∈ (C, V ) such that

c2(∇u,∇v)L2(Ω) + λc(u, v)L2(Γ) + λ2(u, v)L2(Ω) = 0,

in which Ω ⊂ R3 is the computational domain, Γ ⊂ ∂Ω and c is the speed of sound. The finite
element method is used for the spatial discretization, so that the finite-dimensional spaceV is a subset
ofH1(Ω) with appropriate boundary conditions built in. For more details on this model, see [1].

Our interest is in the formants, that is, in the resonant frequencies of the vocal tract. We are espe-
cially interested in the effect of surgery or anatomical abnormalities to these resonances. As surgery
changes the geometry of the vocal tract, assessing the effect requires solving several eigenvalue prob-
lems in different domains Ω.

Vocal tract resonances and corresponding geometries were simultaneously measured in [2] using
an MRI machine and a special microphone setup. The authors performed an eigenvalue analysis using
the geometries extracted from the MRI measurements and a Dirichlet boundary condition placed at
the mouth. However, when compared to the measured formants, the computed ones exhibit a large
error for certain cases. Based on our numerical experiments, this error is due to the truncation of
the computational domain with a Dirichlet boundary condition at the mouth. That is, the effect of the
exterior space is not taken into account.

Taking the exterior space into account increases the size of the system considerably, which is
not desired. Since the geometry of the MRI-coil remains unchanged throughout the computations, we
can reduce the size of the system by using model order reduction techniques in the exterior part of
the domain. In this talk, we describe a technique for reducing the size of the system via computing
a special basis for the exterior domain. We study the effect of this approach on the accuracy of the
computed eigenvalues both numerically and analytically.

References:

[1] A. Hannukainen, T. Lukkari, J. Malinen, and P. Palo: Vowel formants from the wave equation. JASA-EL, 122(1),
2007, EL1-EL7.
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