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Abstract. In this paper, the two dimensional sound field generated by a linear source in the 
presence of thin barrier is here address
(MFS). A frequency domain formulation is developed making
limiting the number of discretized surfaces and consequently reducing the computational cost 
of the proposed model. To validate the numerical implementation of the MFS, the results are 
compared with solutions of the Dual
using barriers of varying sizes, evaluating the attenuation of the sound pressure level around 
them, and illustrating the influence of the different sizes of th
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1  INTRODUCTION 

Several empirical and numerical methods have been used to analyze sound propagation 
around of the acoustic barriers. Among these, the Boundary Element Method (BEM) permits 
the analysis of acoustic barriers of complex shapes and complicated boundary conditions. In 
fact, the BEM requires the discretization of the problem boundaries and thus only involve a 
more compact description of the acoustic medium; it is based in fundamental solutions and it 
is very well suited to the analysis of infinite and semi-infinite domains, as the Sommerfeld 
radiation condition is automatically satisfied. This method has a number of advantages over 
other methods (BREBBIA, 1984). However, the boundary integral equation presents some 
difficulties for analysis of very thin bodies, in the form of near-singularities and near-
degeneracy of the final system of equations. 

FILIPPI & DUMERY (1969) and TERAI (1980) developed an efficient technique based 
on the boundary integral equation to analyze the scattering of wave by thin rigid screens in 
infinite domain. Later, KAWAI & TERAI (1990) used the standard and hyper-singular 
integral equations to analyze outdoor sound propagation and its attenuation by thin absorbing 
barriers over a rigid ground and avoided discretization of the infinite plane by the Green’s 
function through the image-source method. This formulation, which combines the use of 
standard and hyper-singular integral equations over the thin body, would later be called the 
dual boundary element method. 

LACERDA et al. (1997) employed the dual BEM formulation to analyze the sound 
propagation around thin barriers over an infinite plane, considering both the ground and the 
acoustic barrier to be absorptive. Later, the 3D sound propagation around an absorbing barrier 
has been studied by the same authors (LACERDA et al., 1998), introducing a dual boundary 
element formulation that allowed the barrier to be modeled as a simple surface. In this 
formulation, the hyper-singular integrals are evaluated using an algorithm based on the 
Hadamard’s finite part integration (HADAMARD, 1952). 

In the last few years meshless methods have been interesting the scientific community 
working on wave propagation. The Method of Fundamental Solution (MFS) is one of these 
methods and its mathematical formulation is quite simple and also requiring the prior 
knowledge of fundamental solutions. Comparing with the Dual-BEM, the MFS is integral-
free; consequently the singular and hyper-singular integrals are not evaluated, reducing the 
computational time. Several researchers have been investigating the use of MFS in acoustics, 
such as KONDAPALLI et al. (1992) which were among the first to apply the MFS for the 
Helmholtz equation in the acoustic scattering analyzes. Recently, works published by COSTA 
et at. (2012) and GODINHO et al. (2012) have shown that, despite its simplicity, the MFS 
could be a very interesting tool to efficiently predict the sound wave propagation in the 
frequency domain. 

This paper analyses the sound propagation around thin barriers in the frequency domain 
by means of the MFS. Here, the configuration analyzed makes use of the sub-region 
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technique and the Green’s functions are employed limiting the number of discretized surfaces 
and consequently reducing the computational cost of the proposed model. The proposed MFS 
model is compared with a Dual-BEM formulation. Finally, a set of numerical simulations is 
performed using thin acoustic barriers of varying sizes, evaluating the attenuation of the 
sound field around of the barriers. 

2  MATHEMATICAL FORMULATION 

2.1 Governing equation of the problem 

Consider the problem of acoustic wave propagation in a region Ω  of infinite extent 
along z direction, with a thin acoustic barrier above an infinite rigid ground, as shown in Fig.1. 

 

Figure 1. Geometry of the problem. 

The propagation of an acoustic wave in this homogeneous linear fluid medium at rest is 
governed by the Helmholtz equation, which can be written as: 
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where ns is the number of sources in the domain, ( )p x  is the acoustic pressure, lQ  is the 
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ξ ξ
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( , )x yξ ξ
, ( , )s

lδ ξ x  is the Dirac delta generalized function and k cω=  is the wave number, 

with ω  being the angular frequency and c  the speed of sound in the medium. 

In the above defined Helmholtz equation (Eq. (1)), the Sommerfeld radiation condition, 

[ ]lim ( ) i ( ) 0p kp→∞ ∂ ∂ − =x x n x , must be satisfied at infinity, where x is the field point located 

at ( , )x y , n  is the unit outward normal vector and i 1= − . 

2.2 Definition of Green’s functions using the image-source technique 

In this work, the presence of perfectly reflection plane surfaces is taking into account by 
using the image-source method. Thus, considering an image source in relation to the 
horizontal axis x, as displayed Fig. 2a, the corresponding Green’s function can be written as: 
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with 2 2
1 0 0( ) ( )r x x y y= − + −  and 2 2

2 0 0( ) ( )r x x y y= − + + . 

 

 

 

a) 

 
b) 

Figure 2. Domain of the Green’s functions: a) Half-space and b) Quarter-space. 

This approach can be further extended to incorporate more surfaces. Therefore, 
considering a quarter-space defined by two axes, one at x and the other at y, as displayed in 
Fig. 2b, the corresponding Green’s function can be expressed as: 

4
(1)
0

1

i
( , ) ( )

4 j
j

G H kr
=

=∑ξ x , (3) 

with 2 2
3 0 0( ) ( )r x x y y= + + −  and 2 2

4 0 0( ) ( )r x x y y= + + + .  

The above described Green’s functions allow limiting the number of discretized surfaces 
of the proposed numerical method. In addition, considerably reduce the computational cost of 
such method. 

2.3 The method of fundamental solutions 

The MFS model developed in this paper assumes an acoustic domain divided into three 

sub-regions, as illustrated Fig. 3, allowing use two different Green’s functions: in regions 1Ω  

and 2Ω  a fundamental solution that satisfies the rigid ground and acoustic barrier condition is 

assumed, whereas in region 3Ω  a solution that satisfies only rigid ground condition is used. 

With this procedure, a fictitious circular interface is defined using a number of NVS 
collocation points. 
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Figure 3. Geometry of the MFS model. 

For each region, the acoustic pressure can then be written as: 

/2

1
1

( ) A ( , )   regions 
NVS

quarter
n n

n

p G
=

= Ω∑x ξ x , (4a) 

2
/2 1

( ) B ( , )   regions 
NVS

quarter
n n

n NVS

p G
= +

= Ω∑x ξ x ,
 

(4b) 
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(4c) 

where A n , Bn  and Cn  are the unknown amplitudes of the virtual sources, ( , )half sG ξ x  is the 

incident field regarding the acoustic pressure generated by the real source, NVS corresponds 

to the number of virtual sources placed at each sub-region, ( , )half
nG ξ x  refers to Green’s 

function for the rigid ground and ( , )quarter
nG ξ x  regards Green’s function for the rigid ground 

and the barrier whose details were given in the previous section.  

By imposing at each circular interface point x, continuity of the acoustic pressure and of 
the normal component of the particle velocity, the following equations are obtained: 
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(5b) 

By writing these equations for the NVS collocation points a linear system of 2NVS 

equations on 2NVSunknowns is obtained. Once this system of equations is solved, the 
acoustic pressure at any point of the domain may be obtained by using Eqs. (4). 
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3  MODEL VERIFICATION 

In this section, in order to validate the numerical implementation of the MFS, the results 
are compared with reference solution based on Dual-BEM formulation. Thus, consider a 
plane vertical barrier with height 5.0 m  located over a plane ground at 0.0 mx =  and 

0.0 my = . A unit point source is located at the position ( 10.0 m, 1.0 m)− . The acoustic 

medium is assumed to be air, with a density of 31.21kg m  and allowing a sound propagation 

velocity of 343m s. The response is calculated at one horizontal line of receivers, placed at 

1.0 m above the ground, as shown in Fig. 4. 

 

Figure 4. Schematic representation of the verification example. 

Figure 5a displays the real and imaginary parts of responses computed by the MFS and 
Dual-BEM for a frequency of 100 Hz and Figure 5b displays the relative error computed by 
the MFS approximation, calculated as: 

Dual-BEM MFS

Dual-BEM

p p

p

−
, (6) 

considering different distances between the virtual sources and collocation points. 

 

a) 

 

b) 

Figure 5. a) Real and imaginary parts of the responses of the MFS and Dual-BEM for a frequency of 
 100 Hz, considering D=1.0 m and b) Relative error computed of the MFS. 

Here, the number of collocation points is defined by means of the relation between the 
incident wavelength and distance between points. In this analysis a relation equal to 5.0  was 
considered. The distance between the virtual sources and the fictitious circular interface is 
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defined as D. In this work, all results, the number of virtual sources is equal to the number of 
collocation points. 

The figure 5 allows concluding that the MFS solution provides a very good 
approximation to the Dual-BEM solution, thus proving that the implementation of the method 
is correct. The Dual-BEM model was discretized with a very large number of elements to 
ensure the accuracy of the numerical solution. It is also possible to conclude that, for this case, 
very good results are obtained for different distances between the virtual sources and 
collocation points, also ensuring the stability of the proposed MFS method. 

4  NUMERICAL EXAMPLES 

In order to illustrate the application of the proposed MFS formulation, the problem 
illustrate in Fig. 4 is analyzed in this section using barriers of varying sizes. In this model, a 
dense regular grid of points was used, with horizontal and vertical spacing of 0.5 m. These 
simulations were analyzed for two excitation frequencies of 100 Hz and 500 Hz. 

100 Hz 500 Hz 

 
a1) 

 
a2) 

 
b1) 

 
b2) 

 
c1) 

 
c2) 

Figure 6. Sound pressure level obtained over a grid of receivers located in the xy plane for frequencies of 
100 Hz and 500 Hz with barriers of varying sizes: a) 2.5 m, b) 5.0 m and c) 7.5 m. 
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Figure 6 illustrates the results computed for the two excitation frequencies, in the 
presence acoustic barriers with different sizes. It is important note, in these figures, that there 
is a significant difference between the performances of the first configuration, considering the 
acoustic barrier with height 2.5 m (see Figure 6a1 and 6a2), and of the remaining two, with 
much larger sound reductions being reached just after the acoustic barriers with height 5.0 m 
and 7.5 m (see Figures 6b and 6c). It is important to note that the attenuation of sound level is 
much more pronounced for the higher frequency, with reductions of near 15 dB being 
observed after the acoustic barrier.  

5  CONCLUSIONS 

In this paper, a 2D numerical model based on the Method of Fundamental Solutions was 
used to simulate the pressure field produced by a linear source in the presence of an acoustic 
barrier. The proposed model makes use of Green’s functions defined by the image-source 
method, limiting the required discretization surfaces and reducing the computational cost of 
the proposed model. The proposed model was verified by comparing results with a dual BEM 
model that requires discretization of the barrier using a large number of elements. Numerical 
examples were performed using barrier of varying sizes, evaluating the reduction of the sound 
pressure level around of the acoustic barriers. 
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