
 
 

 

  

Abstract—Potential Inverse Electrocardiography (PIE) is a 
method for reconstruction of epicardial potentials from 
measured body surface electrocardiograms and heart-torso 
geometry. The method of choice for computing epicardial 
potentials has been either the Boundary Element Method 
(BEM) or the Finite Element Method (FEM). These methods 
require time-consuming meshing of the heart and torso 
surfaces or the volume between the two surfaces. Moreover, 
meshing can introduce artifacts in the reconstructed 
epicardial images if optimization is not carefully done. Here 
we introduce the application of a meshless method, the 
Method of Fundamental Solutions (MFS) to PIE in the hope 
of overcoming such meshing-related problems. This study 
shows that MFS is a promising meshless alternative to BEM 
and FEM in PIE. 
 

I. INTRODUCTION 

Computation of potentials on the epicardial surface of 

the heart from potentials measured on the body surface 
involves solving Laplace’s equation in the source-free 
volume between the torso and epicardial surfaces. Several 
mathematical and computational approaches have been 
introduced to solve this problem, known as 
Potential Inverse Electrocardiography (PIE). [1-4] 
Traditionally, the Boundary Element Method (BEM) [5,6], 
or Finite Element Method (FEM)[5] were used to solve 
Laplace’s equation. [7-10] These numerical methods 
require discretizing the torso and epicardial surfaces into 
continuous non-overlapping mesh elements, a procedure 
called meshing. Meshing is difficult to apply to irregular 
surfaces [11] and can introduce mesh-related artifacts, 
especially in the ill-posed inverse computation of PIE[12], 
if mesh optimization is not carefully done. These 
difficulties led us to explore the possibility of applying a 
meshless method in PIE. PIE is a 3D Cauchy problem for 
the Laplace operator which has very well behaved, analytic 
fundamental solutions.[13] This property suggests the 
Method of Fundamental Solutions (MFS) [14] as the 
method of choice among the family of meshless methods. 
In this conference proceedings paper, we summarize a 
recently published article that describes MFS application 
in PIE.[15]  
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II. METHODS 
The MFS is one of the most intuitive approaches to 

solving Laplace’s equation numerically. In MFS, an 
approximate solution is represented in the form of a linear 
superposition of source functions (fundamental solutions) 
located on a set of points (fictitious points or virtual 

sources) over an auxiliary surface Γ̂ ( Γ̂ encloses the 

auxiliary domain Ω̂ , which contains the domain of 
interest Ω ). As the fundamental solutions satisfy 
Laplace’s equation everywhere except at source points, 
this representation satisfies Laplace’s equation in the 
domain Ω . In addition, the specified boundary conditions 
are imposed at a set of boundary points (collocation 
points) on the domain boundary Γ . Since the fundamental 
solutions do not have singularities at points on the 
boundary Γ , standard quadrature rules can be used to 
approximate the surface potential and its normal gradient 
when computed on the boundary. The Tikhonov 
regularization method[12] with a CRESO-determined 
regularization parameter[8] is employed to stabilize the 
inverse procedure and obtain the coefficients of 
fundamental solutions, which are used to calculate the 
epicardial potentials. 

 

III. RESULTS 
MFS is evaluated on data from animal experiments and 
human studies, and compared to BEM. Data sets included 
(i) Single-site pacing in an isolated canine heart suspended 
in a human torso-shaped tank; data were obtained during 
pacing from a right ventricular (RV) anterior epicardial 
location; [16] (ii) RV endocardial pacing in a patient 
undergoing bi-ventricular pacing for cardiac 
resynchronization therapy (CRT); (iii) Simultaneous RV 
endocardial pacing and left ventricular (LV) epicardial 
pacing in a patient undergoing bi-ventricular pacing for 
CRT; (iv) Normal atrial activation in a healthy human 
subject.[17] Results demonstrate similar accuracy, with the 
following advantages: 1. Elimination of meshing and 
manual mesh optimization processes. 2. Elimination of 
mesh-induced artifacts. 3. Elimination of complex singular 
integrals that must be carefully computed in BEM. 4. 
Simpler implementation. 
 

IV. DISCUSSION 
Implementation of MFS requires choosing a fictitious 

boundary for placement of the virtual source points. There 
are two widely used approaches for doing so, the dynamic 
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and static methods.[11] In the dynamic configuration, the 
fictitious boundary is determined together with the 
solution[18] via a complex, time-consuming nonlinear 
optimization procedure which does not always guarantee 
global convergence. In the static configuration, the 
fictitious boundary is pre-selected to correspond with the 
real boundary based on some fixed criteria, such as the 
inflation-deflation rule used in this study. The static 
method is not the optimal implementation of MFS, but it is 
very easy to implement and highly suitable for practical 
engineering applications. Very good accuracy has been 
obtained using the static method in engineering and 
industrial applications of MFS,[19] including the 
application presented here. Although optimal placement of 
the virtual source points poses a difficulty for MFS 
implementation, much faster and more efficient nonlinear 
optimization schemes[20] are under development and 
could facilitate use of the dynamic method in PIE. 
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