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Application of fundamental solutions
made by deep learning to boundary element method

i AR D
Takahiro SAITOH

DB R KPGEHL T2 T e (T 376-8515 BEG IRAA 4= 1 KAH] 1-5-1, E-mail:t-saitoh @ gunma-u.ac.jp)

The boundary element method (BEM) is known as a powerful numerical technique for wave analysis. How-
ever, it is difficult to treat some engineering problems, such as elastic half-space problems, anisotropic
problems, and dispersive problems, because no closed form of the fundamental solutions is known. On the
other hand, the deep neural network has attracted attention in many engineering fields in recent years. Some
results of a study to expand the application area of the BEM using neural networks is presented in this paper.

Key Words : boundary element method, deep learning, neural network, fundamental solutions
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Nonlinear Eigenvalue Analysis of a Bubble Cloud Oscillation
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Naohiro Sugita and Tadahiko Shinshi
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The nonlinear eigenvalue problem for a bubble cloud is addressed in the framework of boundary integral
representation. Modal natural frequencies and damping for a planar bubble cloud comprised of
monodisperse bubbles of Ro=10 um were obtained as a function of bubble-bubble distance. It was
observed that for the lowest two eigenmodes, the modal damping reaches a maximum with increasing the
bubble-bubble distance. The maximum damping of the lowest mode is much higher than that of the second
mode. Beyond a certain critical distance, the natural frequencies asymptotically converge to those of an
isolated bubble. Higher eigenmodes may be more suitable for bubble-based ultrasound imaging.

Key Words : Bubble oscillation, Acoustic radiation, Nonlinear eigenvalue problem, Boundary integral
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Fig. 2 The lowest two eigenmodes of a planar bubble cloud
comprised of 100 spherical bubbles. The bubble radius is
Ry =10 um . The coordinates are normalized by the
wavelength calculated using the natural frequency of the n-
th eigenmode (4, = 2mc/w,) . The size of the plots
represents vibration amplitude of bubbles, and the cyclic
color bar indicates vibration phase.
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Fig. 3 Trajectories of the nonlinear eigenvalues for the
lowest two eigenmodes as a function of the bubble-bubble
distance, d, ranging from 2R, to 200R,. The bubble
radius is Ry = 10 pm. The number of bubble is 100;
(nx,ny,n;) =(10,1,10) . The solid and dashed lines
present the eigenvalues of 1st and 2nd mode where the

damping ratio reaches a maximum at d = 37R, and d =
52R,, respectively.
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Scattereing analysis in 2D half space
by an indirect BEM without Green’s function

oogbooog?
Riku Toshimitsu and Hiroshi Isakari

YO (M)HDDDDDDDDDDOD0D 223-8522000000000000 3-14-1, E-mail: riku29 @keio.jp0]
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The recently proposed hybrid boundary element method [Lai et al, ACHA, 2018], in which both the Som-
merfeld integral layer potential are employed, is a promising numerical method for analysing wave scattering
defined in a semi-infinite space. The original method, however, suffers from the so-called fictitious eigen-
value problem (FEP). This study aims to modify the formulation so as to establish a boundary integral
equation free from FEP. We also extend the hybrid approach to address cavity scattering by introducing

virtual boundaries to manipulate the cavity geometry.

Key Words : Acoustic scattering problem, fictitious eigenvalue, cavity scattering, half space, BEM
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Development of the method of fundamental solutions with source point selection
and its application to anti-plane wave problems

ECRE S YO &

Akira Furukawa and Tomoya Sakai
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sakai.tomoya.a8 @elms.hokudai.ac.jp)

The method of fundamental solutions (MFS) is a numerical method for solving partial differential equations.
In the MFS, source points representing the approximation solutions are located in the complementary domain
of analysis ones. Generally, the number and location of the source points are arbitrary, but they affect the
accuracy of approximation solutions. Therefore, an apropriate method for determining them is required. In
this study, we implement the orthogonal matching pursuit to the MFS for the selection of source points and

check its validity.

Key Words : The method of fundamental solutions, Ortogonal matching pursuit, Antiplane wave
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Inverse analysis for estimating positions and shapes of acoustic scattereres by means of
the 3D fast time-domain boundary element method
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We propose an algorithm to sequentially estimate positions and shapes of unknown scattereres in a 3D acous-
tic field from time-sequences of sound pressure at the predefined observation points. The method to estimate
shapes of scattereres follows the previous study on the shape optimisation that exploits the shape derivative
(shape senstivity) based on the adjoint variable method. On the other hand, the sensitivity regarding po-
sitions of scattereres is newly obtained by modifying the aforementioned shape sensitivity. In addition, a
global search is considered before predicting the positions locally and precisely. We verify those two types
of estimation independently to realise the proposed algorithm in the near future.

Key Words : Inverse analysis, Acoustics, Scattering problems, Boundary element method, Shape

derivative, NURBS
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