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ABSTRACT

The main role of an acoustic diffuser is to diffuse reflected sound field spatially. Since the pio-
neering work of Schroeder, there have been investigations to improve its performance by using
shape/sizing optimization methods. In this paper, a gradient-based topology optimization algorithm is
newly presented to find the optimal distribution of reflecting materials for maximizing diffuser
performance. Time-harmonic acoustic analysis in a two-dimensional acoustic domain is carried out
where the domain is discretized by finite elements. Perfectly matched layers are placed to surround
the domain to simulate non-reflecting boundary conditions. Design variables are assigned to each ele-
ment of which material properties are interpolated between those of air and those of a rigid body.
An approach to extract the reflected field from the total acoustic field is employed. To validate the
effectiveness of the proposed method, design problems are solved at different frequencies. The per-
formance of the optimized diffusers obtained by the proposed method is compared against that of the

conventional Schroeder diffusers.
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Fig.1 Problem description for the topology opti-
mization of an acoustic diffuser
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Fig. 2 Sound pressure levels of reflected fields from
a rigid plane surface(dotted line) and an ideal

acoustic diffuser(solid line) for the point
source excitation at 1.0 kHz
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Table 1 Diffusion coefficients of the Schroeder-type
diffusers and the optimized diffusers

Taroct Optimized Optimized
fre uinc diffuser diffuser Schroeder-type
[%Hz] Y (before post- | (after post- diffuser
processing) processing)
0.5 0.9997 0.7375 0.3461
1.0 0.9994 0.8184 0.5464
1.5 0.9998 0.6040 0.5250
2.0 0.9998 0.6629 0.4600
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