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Study on Large-Scale Sound Field Analysis

using Fast Multipole Boundary Element Method
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Fig. 1 Illustration of a sound field with three kinds of boundary.
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Table 1 Comparison between BEM and FMBEM.

Complexity Memory
BEM (direct method) O(N?) O(N?)
BEM (iterative method) O(N?) O(N?)
FMBEM (3D distribution) O(N) O(N)
FMBEM (2D distribution) O(N') O(NlogN)
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Fig. 4 Geometry of a rectangular room and hierarchical cells.
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Fig. 5 Sound pressure level distribution on the floor
obtained with the BEM and with the FMBEM (L = 5).
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Fig. 10 Computational times for pre-process of FMBEM with 3
arrangements of hierarchical cell structure.
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Fig. 11 Relation between computational time and the average number M of nodes in a
lowest level cell. Gray areas roughly indicate the ranges of M for optimizing computational
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Fig. 12 Boundary and hierarchical cells for a plane-symmetric sound field.
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Table 2 Computational efficiency for analyzing a sound field in a rigid cube
d [m] wide, with a point source at the center. (kd = 73.12)

Type of FMBEM N Memory [MB]

98,304 24,235 1,486.8
symmetrical 49,152 11,848 799.6
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00000Fig130000 Table 3 Numerical results for iterative methods. p,* is the initial shadow residual, and x,; is the
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initial guess. A < B means that the number of iteration with A is smaller than that with B.
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diffusers for an external problem.
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