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Abstract. In this paper, radial point collocation method (RPCM) is introduced to solve the acoustic 
scattering problem. This is a mathematically simple, easy-to-program and truly meshless method, which 
has been successfully applied to solve the solid mechanics and convection diffusion problems. However, 
application of this method to investigate acoustic problems, in particle the acoustic scattering problem is 
relatively new. The main advantage of this method is its mathematically simple, easy to program, and truly 
meshless. A Hermite-type interpolation method is employed to improve the solution accuracy while the 
Neumann boundary conditions exist. In addition, acoustic scattering problem is a typical unbounded 
domain problem, in order to solve it with RPCM, the domain is truncated to a finite region and an artificial 
boundary condition (ABC) is imposed. Finally, numerical example is presented to validate the accuracy 
and effectiveness of RPCM. In the future, the extension of RPCM to more complex and practical problems, 
especially the three-dimensional situations need to be investigated in more detail. 

1 Introduction 
Historically, the acoustic scattering problem has been 
investigated quite extensively since the works of Lamb 
and Rayleigh[1]. This kind of problem can be described 
as the solution of the Helmholtz equation in an 
unbounded domain. A profusion of numerical 
approaches have been developed to solve this problem. 
Among these methods, finite element method (FEM) and 
boundary element method (BEM) are widely used. 

However, both FEM and BEM need mesh generation 
in the preparation of data, and the BEM has to face the 
singular and hypersingular integrals. Furthermore, it is 
proved that for high wave numbers, the FEM has the 
pollution effect which leads to inaccurate results. To 
avert these difficulties, meshless methods, as relatively 
new methods, have attracted researchers’ attention[2-6].  

RPCM is a meshless method based on the 
combination of radial basis (RBF) and collocation 
scheme. Since RBF is used to formulate the shape 
function for RPCM, there are generally little restrictions 
on the way the data prescribed and the method has the 
applicability in almost any dimension. In addition, 
problem is discretized by the collocation scheme directly, 
therefore, no integrations is needed. And it has been 
successfully used to solve the solid mechanics and 
convection diffusion problems[7]. However, applications 
concerning acoustic problems, especially an 
investigation of the acoustic scattering problems are 
relatively new.  

The goal of this paper is to apply RPCM to solve 
acoustic scattering problem. For Neumann boundary 
conditions, Hermite interpolation is applied to handle 

them. Considering that RPCM can not approach the 
exterior problems directly, absorbing boundary condition 
is introduced. To validate the effectiveness and accuracy 
of the proposed method for the acoustic scattering 
problem, numerical example is presented.  

The outline of the paper is as follows: RPCM is 
described briefly in Section 2. In Section 3, acoustic 
scattering problem is described. The acoustic scattering 
problem solved with RPCM are presented in Section 4. 
Finally, Section 5 draws the conclusion. 

2 Outline of the RPCM 

2.1 Hermite-type radial basis interpolation 

Until now, various RBFs have been proposed, and the 
MQ is widely used for its efficiency. 
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Where c is the shape parameter, ri is distance 
between the point of interest and the supported 
interpolation points, d is a characteristic length. 

Considering a continuous function u(x) defined in a 
domain, the u(x) at the point of interest x can be 
approximated with radial basis interpolaion as follows: 
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Where   (x) and         are both MQ RBF, n is the 
number of the RBF, m is the number of polynomial basis 
function.     is the number of the points on the 
Numman boundary conditions. 

2.2 Collocation scheme  

Meshless methods can be divided into three categories 
according the formulation procedures of the governing 
equations: meshless methods based on weak-forms, 
meshless methods based on strong-forms (collocation 
techniques), meshless methods based on the combination 
of the weak-form and the strong form. In RPCM, the 
formulation procedure of discretization equations is the 
second one. With this method, the partial differential 
equation (PDF) is generally discretized at nodes by some 
forms of collocation. For the sake of simplicity, we 
consider the following boundary value problem: 

( ) ( ), .Lu x f x x    (3) 

together with the Dirichlet boundary : 

.( ) ( ),Bu x g x x    (4) 

Where L is a partial differential operator and the B is 
a boundary operator, f(x) and g(x) are known function. 
Assume that there are totally   points for discretization, ni 
interior points and nb boundary points. By substituting 
Eq.(2) into Eq.(3) and Eq.(4), the following discrete 
equations can be obtained: 
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Solving Eq.(5) and Eq.(6), the constant coefficients 
ai , bj and ck can be obtained, thus the value of any point 
can be gotten through Eq.(2). 

3 Acoustic Scattering Problems 

Fig.1 shows a typical acoustic scattering problem, in 
which an incident wave    scattered by an obstacle V’ in 
an unbounded domain V. Considering V is homogenous 
anisotropic medium with the state variables: densityρ , 
sound speed c. The incident wave    and scattering wave 
   are governed by the following equation: 
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Where ▽2  is the Laplace operator. If we suppose the 

wave is time harmonic with frequency ω , the pressure 
can be presented as: 

( , ) Re( ( ) )i tP x t p x e   (8) 
Where i=   , by introducing the wave number 

/k c  and velocity potential 
p

i



  , the 

Helmholtz equation is obtained: 
2 2 0k     (9) 

As well known, the total sound pressure or velocity 
potential in the sound field can be divided into two 
parts:(1) incident wave field; (2) scattering wave field, 
which can be written as: 

i sp p p   (10) 
i s     (11) 

Where 
i  and 

s  denote the incident velocity 
potential and the scattering velocity potential separately.  

 
Fig. 1. Acoustic scattering problem 

Different scattering obstacles have different 
boundary conditions on the surface of the obstacles, and 
there are generally three kinds of boundary conditions: 

(1) A sound-hard object (Neumann boundary 
condition) 

0
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where n presents the vector normal to the surface of 
the object. 

(2)  A sound-soft object (Dirichlet boundary 
condition) 

           0 0i s       (13) 
(3)  A convective obstacle (impedance, Robin 

boundary condition)  

0i
n
 
 


 (14) 

where , Re( ) 0C    stands for the impedance 
parameter. In order to guarantee that the scattering 
problem has a unique solution where the scattering wave 
is an outgoing wave, Sommerfeld radiation condition at 
infinity should be considered: 
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Where n is the dimension of the problem. 

3.3 Treatments for unbounded domain 
problems  

In scattering theory, the acoustic scattering problem falls 
into the class of unbounded domain problems. In order to 
solving this kind of problems with the RPCM, special 
treatment is need. Among various treatments, absorbing 
boundary condition is an efficient numerical approach. 
We list the sequence boundary operators with different 
orders, developed by Bayliss, Turkel and Gunzburger [8], 
as follows: 
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Fig. 2. Plane wave scattered by a rigid infinite circle cylinder 

 
Fig. 3. Unbounded domain is truncated to a finite region with 
an artificial boundary condition 

 

 
Fig. 4. Discretization of the solution domain and boundaries 

4 Numerical Example 
In this section, RPCM is used to solve the acoustic 
scattering problem shown in Fig.2. Considering a plane 
wave with unit amplitude scattered by a rigid infinite 
circle cylinder with radius a, for simplification, we 
investigate it in 2-dimension. It is a typical unbounded 
domain problem, in which the domain should be 
truncated to a finite region, shown as Fig.3.  

Fig.4 shows the discretization of the internal domain 
and the boundaries, a total of 40 uniform nodes are 
arranged on the boundary and 60 internal nodes are 
located in the domain.  

 
Fig. 5a.  Plane wave scattered by a rigid cylinder when 

4ka  , 2r a  ( r is the distance between the field point 
and the centre of the circle); real part of scattering wave 

 

 
Fig. 5b.  Plane wave scattered by a rigid cylinder when       
ka=4π , r=2a ( r is the distance between the filed point and the 
centre of the circle); image part of scattering wave. 

Comparison between the exact solution and the 
numerical solutions with artificial boundary conditions 
are shown in Fig.5. We can Fig. out that artificial 
boundary condition plays an important role in the 
simulation. And it should be notied that, when the proper 
artificial boundary condition is chosen, the solution 
obtained with RPCM agrees very well with the exact 
solution. 
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5 Conclusions 
PRCM is a mathematically simple, easy-to-program and 
truly meshless method, which has been successfully 
applied to solve the solid mechanics and convection 
diffusion problems. However, application of this method 
to investigate acoustic problems, in particle the acoustic 
scattering problem is relatively new. In this paper, 
RPCM is introduced to approach the acoustic scattering 
problem, and the comparison between the numerical 
results with the exact solution demonstrates the 
effectiveness of this scheme. In the future, the extension 
of RPCM to more complex and practical problems, 
especially the three-dimensional situations need to be 
investigated in more detail.  
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