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ABSTRACT

The calculation of Zwicker’s loudness which is needed for multiple frequency response with a
fine frequency resolution using the finite element (FE) procedure usually requires significant
computation time since a numerical solution must be obtained for each considered frequency.
Furthermore, if the analysis is the basis for an iterative optimization procedure this approach
imposes high computational cost. In this work, we present an efficient approach for obtaining
Zwicker’s loudness via the Padé approximants and applying in an acoustical topology optimization
procedure. The paper is focused on an efficient and accurate calculation of Zwicker's loudness,
design sensitivity analysis, and the acoustical topology optimization method by using Padé
approximants. The paper compares the efficient algorithm to results obtained by a standard FEM.
Comparison are made both in terms of accuracy and in terms of CPU-times needed for the

calculation.
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Figure 1 Example describing how loudness can
be calculated from the objective SPL. (a)
Frequency response function; (b) 1/3-octave band
level; (c) Specific loudness pattern in Zwicker’s
Loudness model
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Figure 2 The geometry for the 3D car cavity
problem: (a) 3D perspective view; (b) a cutting plane
along with Z=-0.4 m
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Figure 3 Comparison between direct solution and
Padé¢ (a) narrow band level frequency interval
[20:460]; (b) 1/3-octave band spectrums; and (c)
specific loudness patterns.
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Table 2 Comparisons standard method with PA

Objective function value,

Method Tteration NM (Sone/Bark)

Total cpu times (s) Time per iter (s)

Standard method 3§ 104149 11780 310

PANp=4 Nsubs =5 52 10.41252 (10.413184105366563) 3328 64
PANp=4 Nsubs=20 37 1041316 (10.414262088812013) 6612 116
PANp=6.Nsubs=35 45 10.41237 (10.414216730056193) 3375 15

PANp=6.Nsubs=20 46 1041319 (10.414288700051400) 6348 138

«*The objective value in parenthesis is the objective values

recalculated without PAs
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